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PREFACE TO THE EIGHTH EDITION 

In bringing the handbook up to date it has been necessary to 
omit some of the older tables and add many new ones. This has 
added many new tables to the first section (screw threads), and 
38 pages of material. Much of the addition deals with the new 
standards of truncated Whitworth threads, brought out during the 
war, as an aid in securing interchangeability between threads 
made with the regular round top and bottom of the Whitworth, and 
with a modified thread having a flat or truncated top and bottom. 
This includes gages for the modified thread and drill tables for 
tapping for this modified thread. 

The new material includes the latest data on wire measurement 
of screw threads and gives the specifications for wires if satisfactory 
fits are to be secured in mass production. Some of the tables for 
Anferican Standard threads have also been modified and the new 
tables have replaced the ones which have been discarded. These 
data were secured direct from the Bureau of Standards in Washing¬ 
ton. Other standards, such as those for involute splines, are also 
very new, having been secured just after their release for publication. 

Extensive changes will be noted in the section on milling practice, 
which has undergone drastic changes since the last edition. We 
are fortunate in being able to secure late research data from the 
leading makers of milling machines and cutters, as well as the results 
of the practical use of negative-rake carbide tools for milling and 
turning. There is also considerable new material on bevel and 
other gearing. Much new data will be found scattered throughout 
this edition on a variety of subjects. 

The Authors. 

August, 1945. 
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PREFACE TO THE FIRST EDITION 

Every man engaged in mechanical work of any kind, regardless 
of his position in the shop or drawing room, frequently requires 
information that is seldom remembered and is not usually available 
when wanted. 

With this in mind it has been our endeavor to present in con¬ 
venient form such data as will be of value to practical men in the 
various branches of machine work. While some of the matter 
included may seem elementary, it was considered necessary in order 
to make the work complete. Much of the information has never 
before been available to the mechanic without tiresome search and 
consultation. 

We believe that the Dictionary section will be found of service 
to the younger mechanics and in helping to establish standard 
names for various parts which are now more or less confused in 
different sections of the country. 

Our indebtedness to various manufacturers and individuals is 
hereby acknowledged, and in the back of the book will be found a 
list of such authorities with page references to the information 
furnished by them. 

We dare not hope that no errors will be found and we shall be 
glad to have them pointed out and to receive any suggestions as to 
additions or other changes which may add to the value of the book. 


The Authors. 
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SECTION I 

SCREW THREADS 

Screw threads are so widely used as a connection between parts 
that commercial interchangeability is necessary in all mechanical 
fields. This is more difiScult than with plain fits because three 
elements are involved, namely, pitch diameter, angle of the sides of 
the thread, and lead. These are all considered in the standard¬ 
ization work that has been done. 

Since threads have been called by different names, it is essential 
that these terms be understood to avoid confusion. The sharp V 
thread is rarely used. The flat-top thread was originally called 
the Sellers, also the Franklin Institute thread, and later the United 
States Standard. None of these standards recognized tolerances, 
which are necessary for good fits. The standard now in use in this 
country is known as the American National Standard. It retains 
the Sellers form and proportions but includes tolerances of lead, 
pitch diameter, and angle. It also includes the finer pitches 
developed for the automobile industry. There is also an extra-fine 
set of pitches for special work. 

THREAD FORMS AND TOLERANCES 

The data and tables that follow represent many years^ work on the 
part of committees of the A.S.M.E. and the S.A.E. as well as the 
National Screw Thread Commission. The definitions and tables 
which follow give the latest data available regarding standard screw 
threads. Neither the root nor the outside diameter is important, 
except that they must not bear in the mating part. 

Thread measurement now deals principally with the pitch diam¬ 
eter and lead, the three-wire method superseding the two-wire, 
and the optical method also gaining in favor. The tables show the 
standard dimensions and tolerances for threads of different degrees 
of accuracy. It is urged that these tolerances be specified and used 
in all cases, selecting the kind of fit required by the work in hand. 
Tables of the new standards are included in this section beginning 
on page 8. Thread form and name of parts are shown in Fig. i. 

AMERICAN STANDARD SCREW THREADS FOR BOLTS, 

MACHINE SCREWS, NUTS, AND COMMERCIALLY 
TAPPED HOLES 

This section is from the report of a Committee on the Standardiza¬ 
tion and Unification of Screw Threads prepared in collaboration 
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with the National Screw Thread Commission, the A.S,M.E. and 
the S.A.E. and approved by the American Engineering Standard 
Committee in April, 1933. 



Fig. I. — Screw Thread Parts 


Terms Relating to Screw Threads 

Screw Thread.—A ridge of uniform section in the form of a helix on 
the external or internal surface of a cylinder or cone. 

External Thread.—An external thread is a thread on the outside of a 
member. 

Internal Thread.—An internal thread is a thread on the inside of a member. 

Major Diameter.—The largest diameter of a screw thread. The term 
"major diameter” replaces the term “outside diameter” as applied to the 
thread of a screw and also the term "full diameter” as applied to the thread 
of a nut. 

Minor Diameter.—The smallest diameter of a screw thread. The term 
"minor diameter” replaces the terms "core diameter” and "root diameter” 
as applied to the thread of a screw and also the term "inside diameter” as 
applied to the thread of a nut. 

Ktch Diameter.—On a straight screw thread the diameter of an imaginary 
cylinder, the surface of which would pass through the threads at such points 
as to make equal the width of the threads and the width of the spaces cut 
by the surface of the cylinder. 

Pitch.—The distance from a point on a screw thread to a corresponding 
point on the next thread measured parallel to the axis. 

Pitch (in inches) = -r- m——^:—c* 

• number of threads per inch 

^ Lead.—The distance a screw thread advances axially in one turn. On a 
single-thread screw, the lead and pitch are identical; on a double-thread 
screw, the lead is twice the pitch; on a triple-thread screw, the lead is three 
times the pitch, etc. 

Angle 01 Thread.—The angle included between the sides of the thread 
i^easured in an axial plane. 

Hehx Aiyfle.-—The angle made by the helix of the thread at the pitch 
diameter with a plane perpendicular to the axis. 

Crest.—The top surface joining the two sides of a thread. 

Root.—The bottom surface joining the sides of two adjacent threads. 

Side. —The surfof the thread which connects the crest with the root. 

Ajda ol a longitudinal central line through the screw. 
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Depth of Thread.—The distance between the crest and the root of thread 
measured normally to the axis. 

Length of Engagement.—The length of contact between two mating parts, 
measured axially. 

Depth of Engagement.—The depth of thread contact of two mating parts, 
measured radially. 


Terms Relating to Classipication of Fits 

Basic.—The theoretical or nominal standard size from which all variations 
are made. 

Crest Clearance.—Defined on a screw form as the space between the 
crest of a thread and the root of its mating thread. 

Allowance.—An intentional difference in the dimensions of mating 
parts. It is the minimum clearance or the maximum interference which is 
Intended between mating parts. 

Tolerance.—The amount of variation permitted in the size of a part. 

Neutral Zone.—A positive allowance (see Allowance). 

Limits.—The extreme permissible dimensions of a part. 

Fit.—The relation between two mating parts with reference to ease of 
assembly; for example, wrench fit, close fit, medium fit, free fit. The 
quality of fit is dependent upon both the relative size and the quality of 
finish of the mating parts. 

Finish.—The character of the surface on a screw thread. 


Symbols 

Dimensional Symbols.—For use in formulas for expressing relations of 
screw threads and for use on drawings and for similar purposes the following 
dimensional symbols should be used: 


M^or diameter... 

Corresponding radius. 

Pitch diameter... 

Corresponding radius. 

Minor diameter. 

Corresponding radius. 

Ar^le of thread... 

One-half angle of thread. 

Number of turns per inch. 

Number of threads per inch. 

Lead.'.. 

Pitch or thread interval. 

Helix angle... 

Tangent of helix angle... 

Width of basic flat at top crest or root. 

Depth of basic truncation. 

Depth of sharp V thread. 

Depth of American (National) form of thread, 


S 


D 

.d 

E 


K 

.k 

A 


N 


n 



. .5 

L 


3.14159 X 
. F 

. h 


E 


Symbols for Wire Measurements 


Measurement over wires. M 

Diameter of wire... G 

Corresponding radius. g 


Identification Sjntnbols.—These are for use on correspondence, 
drawings, shop and storeroom cards, specifications for parts, taps, 
dies, gages, etc., and on the tools and gages themselves. 

The basis of the system is the initial letters of the series, preceded 
by the diameter in inches (or the screw number) and number of 
threads per inch followed by the classification of fit,, all in Arabic 
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characters. If the thread is left-hand, the symbol H.’* shall 
follow the number of breads. No symbol is used to distinguish 
right-hand threads. 


Examples , Mark 

American (National) coarse-thread system: To 
specify a threaded part i inch in diameter, 8 

threads per inch, and Class 2 fit. i"-*8-NC-2 

American (National) fine-thread system: A 
threaded part i inch in diameter, 14 threads per 

inch, left-hand thread, and Class 4 fit. i"-r4-LH-NF-4 

American (National) form, special pitch: A 
threaded part i inch in diameter, 12 threads per 
inch, and Class 3 fit. i'-12-N-3 


Note. —The number of threads per inch must be indicated in all 
cases, irrespective of whether it is the standard number of threads 
for that particular size of threaded part or special. 

Form of Thread 

The form of thread profile as specified herein, and known pre¬ 
viously as the United States Standard or Sellers Profile, is adopted 
and shall hereafter be known as the American National form of 
thread. 

Specifications.—The basic angle of thread between the sides of 
the thread measured in an axial plane shall be 60 degrees. The line 
bisecting this 60-degree angle shall be perpendicular to the axis 
of the screw thread. 

The basic width of flat at the root and crest of the thread form is 
found as follows: 


F = I X p or 0.125 X p. 

The basic depth of the thread form is found as follows: 

h = 0.649519 X p = - 

n 

where p = pitch in inches. 

n = number of threads per inch. 

Clearance in Nut at Minor Diameter.—A clearance shall be 
provided at the minor diameter of the nut by removing the thread 
form at the crest by an amount between one-sixth and one-fourth 
of the basic thread depth. 

Clearance in Nut at Major Diameter.—A clearance at the major 
diameter of the nut shall be provided by decreasing the depth of 
the truncation triangle any desired amount down to one-third of 
its theoretical value. 

Thread Series Adopted 

Two thread series are adopted— b , coarse and a fine. The Coarse* 
Thread Series is ^e present “United States Standard’^ supple- 
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mented in the sizes below J inch by a part of the standard established 
by the American Society of Mechanical Engineers (A.S.M.E.) in 
1907. The Fine-Thread Series (J to ij inches inclusive) was 
originally the A.L.A.M. and later the S.A.E. standard. These, 
together with the Extra Fine and the 8-, 12-, and 16-pitch series, 
are now A.S.A. (American Standards Association) standards as of 
February 10, 1943. 

These two series are specified in Table i. 

Table i.—The Two-Thread Series 


I 

2 

3 

4 

5 

6 




Helix Angle at 


Helix Angle at 


Basic 

Coarse 

Pitch Diameter 

Fine 

Pitch Diameter 

Sizes 

Major 

Series, 



Series, 



Diameter 

Threads 



Threads 




in Inches 

per Inch 

De- 

Min- 

per Inch 

De- 

Min- 




grees 

utes 


grees 

utes 

0 

0.0600 




80 

4 

23 

X 

0.0730 

64 

4 

31 

72 

3 

57 

a 

0.0860 

S6 

4 

22 

64 

3 

45 

3 

0.0990 

48 

4 

26 

S6 

3 

43 

4 

0.1120 

40 

4 

25 

48 

3 

51 

5 

0.1250 

40 

4 

II 

44 

3 

45 

6 

0.1380 

32 

4 

50 

40 

3 

44 

8 

0.1640 

32 

3 i 

58 

36 

3 

28 

10 

0.1900 

24 

4 ! 

39 

32 

3 

21 

12 

0.2160 

24 

4 ' 

I 

28 

3 

22 

i 

0.2500 

20 

4 

II 

28 

2 

52 

A 

0.312s j 

18 

3 

40 

24 

2 

40 

1 

0.3750 1 

16 

3 

24 

24 

2 

11 


0.437s 

14 

3 

20 

20 

2 

15 

i 

0.5000 

13 

3 

7 

20 

I 

57 

ft 

0.5625 

12 

a 

59 

18 

I 

55 


0.6250 

II 

2 

56 

l8 j 

I 

43 

i 

0.7500 

10 

2 

40 

16 

I 

36 

I 

0.8750 

9 

2 

31 

14 

I 

34 

I 

I.0000 

8 

2 

29 

14 

I 

22 

i 4 

I.1250 

7 

2 

31 

12 

I 

25 

I* 

1.2500 

7 

2 

15 

12 

I 

16 

1* 

1.5000 

6 

2 

II 

12 

I 

3 

i} 

1.7500 

5 

2 

15 

I2l 



2 

2.0000 

4 i 

2 

II 

12^ 




2.2500 

4I 

I 

55 

I2I 




a. 5000 

4 

I 

57 

lai 



2I 

2.7500 

4 

I 

46 

12^ 



3 

1 3.0000 

4 

I 

36 

10^ 




3.2500 

4 

I 

29 




3} 

3.5000 

4 

I 

22 




3} 

3-7500 

4 

I 

16 




4 

4.0000 

4 

I 

II 
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s Classification of Fits 

Four distinct classes of screw-thread fits are established for 
general use, as specified in the following brief outline. The examples 
given under each class of fit are for the purpose of illustration only. 

Loose Fit (Class i).—Recommended as a commercial standard for 
tapped holes in the numbered sizes only. May be used with screws of other 
classes to obtain quality of fit desired. 

Free Fit (Class 2).—Includes the great bulk of screw-thread work of 
ordinary quality of finished and semi-finished bolts and nuts, etc. (called 
“Medium Fit Regular” in the N.S.T.C. “Progress Report”). 

Medium Fit (Class 3).—Includes the better grade of interchangeable 
screw-thread work, such as automobile bolts and nuts (called “Medium 
Fit Special” in N.S.T.C. “Progress Report”). 

Close Fit (Class 4).—Includes screw-thread work requiring a fine snug 
fit, somewhat closer than the medium fit, such as high-grade aircraft parts, 
etc. In this class of fit, selective assembly of parts may be required. It is 
not considered practicable as a commercial standard for tapped holes of 
the numbered sizes. 

A Second Method of Obtaining Medium Fit (Class 3) 

A detailed examination of the tolerances given in Tables 3, 4, and 
5 will indicate that the same quality of fit as given by medium-fit 
screws and threaded holes can be obtained by using screws to 
close fit tolerances in holes made to free fit tolerances, or vice versa 
The general adoption of this practice will reduce the variety of taps, 
gages, threaded parts, etc., required to be carried in stock. How¬ 
ever, the combination of free and close fits should be used in place of 
medium fit only when the substitution is understood and agreed 
to by all parties concerned. 

Conditions Requiring Special Fits.—In cases where looser fits 
are required than those given by the above-named classes, the 
use of the loose fit of the National Screw Thread Commission is 
recommended. 

Rounded Root Forms.—The crest clearances allowed are such 
as to permit rounded root forms in both nut and screw. These may 
be formed either by tools purposely rounded or rounded as a result 
of wear in use. For the limits of this permissible rounding see 
Tolerances, page 16. 


Definitions 

Loose Fit (Class 1).—This class of screw threads is, in this report, recom¬ 
mended for use in tapped holes in the numbered sizes only. For such use it 
will be defined and specified as follows: 

Minimum nut is basic. 

Direction of tolerance on nut: The tolerance on the nut will be plus. 

Tolerance values: The tolerances for a nut of a given pitch will be as 
specified in Table 2. 

Free Fit (Class 2).—This class of screw threads will be defined and 
specified as follows: 

Minimum nut is basic. 

Maximum screw is basic. 

Direction of tolerance on nut: The tolerance on the nut will be plus. 

Direction of tolerance on screw: The tolerance on the screw will be minus. 

7^0 allowance; The allowance between the pitch diameter of the maxi¬ 
mum screw and minimum nut will be zero for all pitches and all diameters. 

Tolerance values: The tolerances for a screw or nut of a given pitch will be 
(Specified in Table 3. 




Minimum Screw* 

























































-American National Coarse-Thread Series 


8 SCREW THREADS 



Basic 
Area of 
Section 
at Root 
of Thread, 

. 

-, in 

4 

Square 

Inches 

W M O 

M fO '!l' lOO 

O O O O O 

o o o o o 

o o o o o 

to 0 too 0> '^00 ro r- 0 00 

t'Ct "^OO lOt-fOtOIN M 

0 M M Pt N -ito 0> M 0 0 

OOOOOOOOmmn 

0000000 0000 


Helix 
Angle of 
Basic 
Pitch 
Diameter, 
s 

.2 M 'O 

^ (V) N M ^ M 

bi) 

ft) Tj- tT rt rj- Tt 

P 

O00O>MMO«:tOr- OiO 
toioro MT^csPt toto 

^POTTrtrJ-rOfOfOfOM M 

rt 

rt 

Q 

Minimum 
Width of 
Flat at 
Major 
Diameter 
of Nut, 

24 

Inches 

0,00065 

0.00074 

0.00087 

0.00104 

0.00104 

00^ 'too M 0 00 M r- 0\ 
ro fO r- 0 roO 0\ n 't 

MWh-iMC'lPtPJPtfOfOrO 

00000000000 

00000000000 

00000000000 

(U 

(h 

H 

Basic 
Width of 

Flat,| 
in Inches 

0.00195 

0.00223 

0.00260 
0.00312 
0.00312 

WMMMlOrfWfOPtMO 

0\ On <N Pt N OnoO OnvO 't ro 
fvj ro 10 tno 0 r-oo On O 

OOOOOOOOOmm 

00000000000 

00000000000 


Depth of 
Thread, 
h, in 
Inches 

O.OIOI5 

O.OII60 

0.01353 

0.01624 

0.01624 

0 0 0 0 00 00 On OnvO fO to 
fOrOOO 't0irtf^0N*-<0 
OOt-'t'><MvOOOO^ON 
PjPJPjPirOfO't^'ttOiO 

00000000000 
00000d00000 


tch, p. 
Inches 

MO fOO 0 

0 CO 00 0 0 

10 t'- 0 >o 10 

M ►-! N N 

00000 

to to t-* i'- 0 0 0 fO M ro *-• 

M PtvOvO 0 totO'tONfOON 
mmi-i>hO>ONm\OpOO 
ro fO rl- »+ to too I-' t^cc Os 
00000000000 



d d 0 d 0 

doododdddoo 


Metric 
Equiva¬ 
lent of. 
Major 
Diameter, 
in Milli¬ 
meters 

rr »o 10 v> 
toco M rf 

00 M 1000 M 

M M «>< d ro 

too 00 OoO loroooo to 

OOMOOtOfONi-iOOO^» 
lOMOO 'troOst')*-' i^MCO 

PO Tj- tJ- too On W P4 rf 10 

e 

V 

Minor 
Diameter, 
A, in 
Inches 

r-oo 0 to to 

<N (N M 0 > M 

too t-» Ot 

00000 

00000 

't't On On 0 fCOO m pi On 
r^fOtOM too rO'tO "to 

Os M PDO CO rf Os't 0 tr, 0 
Oi-'MMHPiPtrO't'ttO 

00000000000 

4 J 

i 

S 

*w 

Pitch 
Diameter, 
£, in 
Inches 

0 \ ^ tooo 00 

M rt to to 00 
0 i"*oo 0 \ 0 

0 0 0 0 M 

00000 

^-^-ONONtO'r^>d■M 0 'to 
I^POMOO I'-O rrt-i OQOO 

M Tj-O 00 M t^roONiOOO 
MMMMPtcsrorO'ttoio 

ooodooooooo 

n 

Major 
Diameter, 
D, in 
Inches 

<00 0 » M to 
r'OO 0 M M 

0 0 0 M M 

0 0 d 0 0 

0 to 0 to 0 to 0 

QO'tOOOMtOP'OPtlO 

POO ONHHiOi-it^POOOM 

WMMPtPlPOPO'tlO too 
ooooodooood 


Threads 

per 

Inch, n ■ 

rfO 00 0 0 

0 to "tt ^ 

M PI 't'tOoOO tJtopi m 
rOPONMMMMMMMM 

Identi¬ 

fication 

* M 

CA ft) 

S.S-8 

c2 « 

M N ro Tt to 

0 00 0 M 












Table 2.—American National Coarse-Thread Series.— Continued 


SCREW AND NUT TOLERANCES 9 















lO 


SCREW THREADS 


o 

u 

o 


O 




t /3 

pi) 

u ^ 

CJ pq 


UC 

§ 

pj 


H 


« 


H 


a 

S 


, ,, . .. f rfdi^O N rt- 

MdtwMOOMOHTf^ r-o O O 
rONOfOi^OPOrOOWNNMOWNO 

o o o o d o o d d d d d o d d d d 


inro«ooONOoocNtNr»oO\Mio 0^'0 
oocoOONr~oaO f'OO vD O »o f<5 ro 
'^rOt-<lOTf‘ 0 »«POMOOOOMMOMMO 
nmonnonnommnnOMNO 

d d o o o o d d d o o d o o o o o 


Tj-to 0^'O O*'© O vO 6> ro '«t r'- ro r^cO wi ro 
mOOmOOwOOOvOoOoOOoOoOO 
NCIONNONNOmmwmOmhO 

d o o d d o d d d d d o d o d o d 


00 Oi p fOO ooO'r'OOMt^rfr,, . 
00 O 0 \QO o ONOO O fo \0 in O vO *0 O 

M M O M W O W M O M M H M O M M © 

d d d d d dqddddddd d d d 


Oi fOO 0 0^0 O t^O 00 00 t» o P* 
M m r» Tf 00 m rfo r~rl-inNoo rnfO*-< w 

'OmO'O moso mo n n ^poo 't'to 
mmOihmOhhOwhmmOhmO 

_d d d d d d d d d d d d d d d d d 

6 v mo O O O •^'O O t^vb 00 00 o 
O Ov r-oo N moo o p-oo piO n m m <n 
fOPiommommooai-tMO'-'MO 
mwommOmmOOO'-'mOmmO 

ooooooooo o o o o o o o o 
OMQOONoooMoom moo "cf '^•oo ^ ^ 
TtP"© mo 'tmoo'O m'tP*'«Tmooo m 

M>-tON«MONH.oaOlOOOOOO 

mmOhmOmmOOOhmO^^*-'© 

ooooooooood o o o oo o 


OPioooPHoooNoom moo rj- 
M rt-o N P- Tl- N mo o M 
MOOMOOMOOOOOOOva 
mmOwwOmhOOOOO 


Ttoo rj-rt 
m m m 

O Ot On O 

O o o o 


o©ooo o o o o o oqooooo 


i-'ONP« 0 ' 0 ''t©oop<m Tfo m 
oomo Oi'it^ONN'O N m'^M 
OnOnO OnOnO OnOnO P* P^OO 00 

ooooooooooooo 


M m m N 
m m m N 
o 00 00 o 
©ooo 


o OOOOOOOOOOOO o o o o 


woo o o o o "ito mMooooo 
m 0 \ mo <s "ito o mm’^fmopi 'tnn 
00 I^OOOOO ooooo ooo p«*p '0 t^P-O 

ooooooooooooooooo 
o o o ooooooooddoooo 


mMWONOOOOONMOOMOO 
Mp-mmoNmmp-mmmM Onn 
r^O O P '0 O 1^0 O m mo m O 
OOOOOOOOOOOOO© 


On O On 

« M M 

OO O 

ooo 


oooooooooooo o oooo 


Is-s i.i-i i.B-i i g i.i-i ls-3 

SShSShSShSSSShSSsS 





















CLASSES OF FITS 


II 



See footnotes at end of table. 


























12 


SCREW THREADS 


6 


c 

:s 





0 

v 

a 

3 


o 

'O’OOOoONOOOMi/i fOoO »o « 

O W 0 \ »0 •<i’ O »oO 0^0 O M *>■ 'to o o 

r»'tcj i^i/^N t^O 't ►' O »o M 

cOfOOf'Jf'JOrOfOOMMWNONNO 

hhOmhOi-ihOmmmmOmmO 


M fOOO OOOO<N 00 00 t^f 0 O>'tNt^»O 

O M 'to fOr-O »or }-0 'tfOO M l^ooeo 
^«N«/ 5 fOM»ONNr»t''»OTtMl/i'tO 
CsWONNONNOOOmmOmmO 

wmOmmo'mhOhhmmOhmo 

r- 

M rooO OOOONOOoor>.POO\'t'^t '-‘0 
MO ■'t»O 00 f '-»00 't'»O 0\00 to« « rooo 
NOvt^MOMCSON't'tNMMroC^O 

MOOMMOMMoaaoooooo 

mmOhhOmhoOOmmOhmO 

00 

O'tf^OOONOOONPJO'tfOMOOMO 
O'tNO 't»OOl^f'j roo «0 M 00 M t» 
Ot^NOOOMOt^OJ't'tMQMMMO 

ovovoo ao o O\ooooo o\Oso o>o\o 

OOOMOOMOOOOOOOOOO 

a 

0 >ch 00000000 t^t^i ^000000 

M mOiom Ttio»oO»ooo OsOnO Niot^ 

lo cj r^O M lo N ro PO Onoo m o Ov O 

00 00 oooQO ocooo o t^c^t^t^ooo r«o 

.o ■ ■ • • 

oooooooooooo -oooo 

o 

N 00 'tON 000 O't‘OP 0 N 0 NOO't 

t^OO 00 Ot^f'»OM 00 'tt>-<NfOO\ ‘JOOO o 

TtN M lOfOM lorOM N NOO r~OCO t^o 

t^t^O t^l^O t^t^OOOOO ooo o 

ooooooooooooooooo 

- 

't'tOON 00 OOOO\>n'tO^»OOMO\ 

W »/^ lo PO M looo o fO ro 'too 0 0^0 
NOmpsmmnommmO'OOOOO 

oo ooo ooo O vo»o^>oO lOiOO 

.O. 

OOOOOOOOOOO -OOOOO 


M rooo >n fO N lo t-QO Oi PO O M c> 'too O 
0 't*iocjMMOjo‘ot^oooor»ooojio 

O 't M o to M o 't M lOO O Oi O O O o 
»o to O to »o o toO 't't 't O O 

oododddooodoooooo 

fo 

OOOCOOO'tONOO 'to 00 -tt't O « N 
r^po'to 0 \o O ooTtPOior^O t^O 't»o 

O »00 MOoOMOOOMOO't^OtJT'tO 

't'to tO'tO tOTtO 't't'T^O 't'to 
oooooddoooodooooo 

-t 

't Tt o t'oo toiooooooooMNa 

lOM 'tt^t^Ot^PO'tt^OONN I^mO 't 

POP^MPOnOPONMrt 'too 00 O O \00 O 
•'t'to 't'to 't'to POrOPOPOO POPOO 

ddddoodooodddoooo 

o 

M o O O O O O 'to POO PO PO't O' *o 

PO O M too Omon (SOoO PlOO 'tO''t 
r^O M t^o O t^O HiO'O'fOPtOPOPtO 
POPOOPOPOOPOPOONNPOPOOPOPOO 

ooooooooooooooooo 




o ^ 
W i: 


: 'Sg 

si 

" II 

rt ^1 


i’^"' 
.a« 

'^.'S 
tH a 

oifi 

l§ 


II 

rt ^ 

'■?l 


■■ • _ « 

S 13 ” ? 
a ssgas 

(4 0) Pt4A Cj Ctl 

Go GG 


73 


» 059 ,< 





















CLASSES OF FITS 


13 




fl 

c 


•d 


I 


0 

•-*'0 O'O 00'00*^<Nir)OOM(«OM (wjO 

vOO>t^i>'^fO lOM ^00 0 M ’^'O 0 t'- 0 

>0«n0'0'00 M 0\ M 000 w f 00 0 0 

« N 0 W 0 mONNONONOWO 

mmOmmO hmmommOmOhOmO 


NfOOvOOO O00^':fN'O'<tr^‘OMO\C<«O 

r>» M »O00 »orO OO'omt'OvN »O00 ro »0 O fO 

»/)mO»ou^O loo M \0 0 0 0 0 0 

whOmmO MmOOmmOmOmOwO 

wMOt-iM . mmmowmOi-iOmOmO 


M rO 0\ d 0 0 0 00 'cj-^ N 0 't r>. »/> M Ov CS 0 

NvOlOfOOfO lOlOOiOtSrfNOoOoOlOW^fO 

rONOfOfOO NOOt-Mrort-MrtOroOfOO 

000000 M0v0\0000000000 

mmOmmO MdoOMwOHOMOMO 

00 

00 Tf >000 0 »o t^oo 00 Oi 11 "^O N rj- »o 

00 ro »0 0^0 w 0 Ov^00 
w M 0 >-<•-< 0 0 r^vO )HM<Ni-<(NO<NOf^O 

oooaoo ooooo 0 o\CKO Ovo ao ovo 

000000 MOOOOOOOOOOOO 

0 

co0\0\t|- 0'^ 00\t^iMOOoooooor^O<NTl- 
fsi'-Tt-rOMM iooort'Ti-(NMOOi>-r'^t»ON 

000000 r^O iiii-<0'-''-'000000 
ooc^oooooo oor»t'»Ooooooooooooooo 

0. 

•00000 0000000000000 

0 

0 >0 lOO fo fO 0 fO t'-o 0 N N 

OtOMfVJlO'^O'-'OON'^l^N 
OOoOOQOOOO I 0 i 0 '^t« 000 ' 00'0000000 

vO 0 0 nO 0 0 t "0 'OO'O'OO'OO'OO'OO 

000000 0000000000000 

- 

OoONiOrt-M Ot^'O^-'OiO'/JOO'WNMM 

\0 M '^'O to OO roO •^co »-• 10 0 "ttoo N 

'O'OO'O'OO MfONMOt^'Ot^Or'OOO 

lotoo*^*^© 'Ot0»O0»^i00i00»/^0*^0 

000000 000000000000 • 


■^•^OOvOO tOO'^t^^fOOiO'O'^O^O 

00 ■rf »t00 'O Mt 0 <N 0 l 00 'Or^' 1 ">/^N^ON 

000000 VOOOI^MOMOMOMOI-IO 
iruno ^^0 t0'>t'^Ot0tr»O»OOtOOt0O 

000000 0000000000000 


OfOl^TfioO* 00t'-r^0TJ•TtNCst^^*0^0^ 

0 0 fo 0 00 M 0 00 

lO'^O'ATfO ONM«i^toOtoo»/^0»^0 

'^'tO'^'^O to'<t'^ 0 't0 0 0 0 

000000 0000000000000 


M i/^nO ^ r^oo I/O M N oi M M b 6 0 r^b boo 
Mt'.roi-iOiH r^tsOMHOOt^OrJ-rt-fONM 


o»oo 0 o»oo 0 fo »^vo M ov 0 0 0 0 a 0 Ov 0 
fOrOOfOiDO 't PO fo 0 ro ro 0 fO 0 fO 0 fO 0 

oooodd 6000606660666 

0 

'^riNo^ooN’O o-^poi-''<}-i^poOi •o'O ci 0 'O 
"t M ro PO ►-< tnoo f«.M TtoOGO 'itt- POO 

fOPOOPOPOO i'»wO^-'rO'^OrOOPOOrOO 

POPOOPOPOO POPOPOOPOPOOPOOfOOPOO 

000000 0000000000000 


Si-sS.S-s .Els. 3 .sl 5 . 3 ! 3 ^!j. 3 g -3 
SShS^ SSShSSsSS^ShSh 


• WtU 0 0 • • • ■ 

• • 0 H v1 0) • 

: : *;2 ;§ 6 : ; : : 

. ♦ ^ ^ .2 • 

9 IH W b ■ 

• • w 0 0 ^ • 


• • Cu vC . * . . 

4 w u v: u 

Q) 0)“* m ^ Q> V 0 0 

^ ^ ^ T ^ 


, pitch diame 

pitch diame 

Nuts and 
I, 2, 3, and 

I, 2, 3, and 

I, 2, 3, and / 
, pitch diame 

, pitch diame 

pitch diame 

, pitch diame 


,2 c® oj w ^ cQ ^oi ^cj 

0 0 0000000 


See footnotes at end of table. 






















Table 3. Limiting Dimensions and Tolerances, Classes i, 2, 3, and 4 Fits, American National Coarse- 

Thread Series.— Continued 


14 


SCREW THREADS 


Size 

-"t 

Threads per Inch 


^O0000OOOO«00O^*<^N00 ’it'O 'C 0 

rONOONOOOOvO'OfO'-'OO 
0 MO^0t>-C'l0«O TfOO a <0 M f1 f«0 « M 

0\0»0 0 0»0 0 O^OvOnOCOOD ooooo 0 

rOfOO '^fOO 'tfOO fOrOO 

fO 


OoOoooOOQt^eo O>r 0 N 00 'sTO O O 
fOMOO<^oOOC 7 vOOr< 5 MOOr>'fO^ 

rfoo nO <N oO t'» m 
t^r>.0 i«t«o 

OfOO rOPOO f^foo WCOfOrOO 

ro 


OoOOOOOOONQO O^PONQO ■^'O O O 
('ONOONOOOOO'OfOiHOOl^rort 
a»n^Or>-NO»o '^too 0\ ro M (M ro n m 
' t'tO lOTfo fOfOO fOfOO 

fCf^O roroo rono fCrofOfOO f* 5 fOO 



>O 00 00 OOOON 00 O>r* 5 N 00 rfo O O 
c< 5 NOON 00 OO\O'O<^'-'OOr^r 0 '!t’ 
'<tco 0 N 00 M 
c<«0M<N0<NN00>0\000000 

rofOOi^fOO fOroO NM rorOO fOfOO 

r <5 


'OoooOOOOONOO O\fON00 Tt \0 'O 0 
P0NOON00OO»O'OP0*-iOOt>-(>0't 
OvtO^Ot^NO*^ ^00 O' fO M n M M 

O'O'O O0\O 0 O'O'O'OoooOOoOOOO 

MNOf^NOf^NOMNOINONNO 

rtl-St 

cs 


OOOQOOOOOOIOOO'fONOO rto 0 0 

PONOOfNOOOO'OOfOwOOl^PO'^ 
rfo tTioN N 0 't'OO vO N 00 w 

’•ttr) 10 0 >0 0 

<n«MO<SMO<NCSONC>IC«MOMCSO 



vOoOOOOOOONOOOnpONOO *^>0 'O O 
(v>NOONoOOO\OOf*5>-'OOI^f*?'t 
©M/^tj-or^NOi/^ Tj-QO ©1 ro t-< cs ro N M 
rl-rfO lO'^O tOTj-O M M rOPOO POPOO 

N(NIOPJP«ONP<ON(MNINOP«NO 


Tj- 

poinoo O'OTfoojoot^Tj-oO'^ft^Ot^ 
0 rf 0 POO Mt^OMOOlOPON 
'tOPOioopiioM f<ot^r^oooMO©M 
NP<OP»NOP<PIO©©mOOmOO 

N0 »Op<p»OP^P»OmmNP»ONMO 



po»ooo oo'tONoot^^oorft^oi^ 
'^t'O 0 't 10 0 POO Mt^OMOOtOPON 

©UOfOOt^NOOf^NPItOfOMUO^M 

©©00©000'0t'‘ f^OO 00 0 00 00 0 

MMOt'JMONMOMMMMOMM© 



COOOOOOONOINOO '^0 d\ 0 © M lOO 
TtM fOOO fOOO P0©rr rj-oo 0 0 00 M 

■«tMPO«OP>JMiOMro©OM©MNOM 

•'t »^0 to 0 0 0 0 

MMOMMOtSHOHMMMO^^fO 

■s 

'O 

OOOOoOP>iOOOMm rooo to t^o •-» 

too ©0©00W©Ml/tt^CSTl-|-IM0 

©0 PtOP^NOt^Pt© ©OO M ©00 M 
lOTtO t/tTfO N p< rOPOO fOPOO 

mmOmmOmmOmmmmOmm© 

Dimensions and Tolerances, in Inches 

Bolts and Screws 

( Max. 

Class I, major diameter. •< Min. 

<Tol. 

( Max, 

Classes 2 , 3, and 4, major diameter. . . -< Min. 

(Tol. 

Class 2, major diameter (threaded (Max. 
parts of unfinished, hot-rolled raa- ■< Min. 

terial).(Tol. 

Class I minor diameter.Max.i 

Classes 2, 3, and 4, minor diameter. . . . Max.i 

( Max. 

Class I, pitch diameter. < Min. 

(Tol. 

( Max. 

Class 2, pitch diameter. 4 Min. 

(Tol. 



















S876j2.837613.0876 3.3376;3. S876] 


CLASSES OF FITS 


t-t- OiOft 
ro N O fO O 
00 00 O 00 00 O 


5 ^ O >0 O p ’<ta0 

5 'O <> t^oo O M ^ N 

5 »/>NNfOiON»OMTt- 0^0 
D t^t'Ooooo 000 000 000 O 


PO PO O PQ PQ O rt PQ fO O PQ PQ O PQ O PQ Q PO O 


Oif* a*-* 00 
t' OnOO ^ ^ 

O 00 00 o 

10 O lo 10 O 


o rl- ^ O <0 O '^'O O PO Tf 00 
o 0 Oi t>. l^oO O M tJ- p' Oi N ^ 
loot^NoooNowaoovo 
r- 10 Tj- o »OvO O O O »0 O IP) o 


PO O PO PO O PO PQPOO PQPQO POO pqO pO O 


0\ M 00 

OvOO 't 

N O PO PO o 

PO O PO PO o 


O '5l- O O O 'tfo O PO Ttoo 

O O 0> r^oo O M ^ f- Oi ^ 
O»ONP5P0»ON»OwM-0TfO 
UONNOPOPOOPOOPOOPOO 


PO O PO PQ O PO POPOOPPPOOPOOfOOPOO 


0 \ 0 > W 00 

t' O>oo Th 
O 00 00 o 
00000 


O ^ O O O TfO O PO ■'too 
O'OC^t^r^ 00 OMTtt^O\p|''t 
lOOf^NOOONOMOvOOvO 
NoaoOMOMOoooo 


PO O PO PO O_PO PO PS o PQ PQ o PQ O PO O PO o 


O^oo St ■'t 

PS O PO PO O 

00 o 00 00 o 


O -St St O O O ■stvO O PO p^ stoo 
o o a p' p'QO o M St o» PS St 

OlOPSPSPOIOPStOMStOstO 

O t'Ps'OOOOO 000 OOO 000 o 


PSONPSO PONPS O PS PS O PS O PS o PS O 


0> a M 00 
aoo St St 
r- O 00 00 O 
10 o »o 10 o 


O St St O vO O sfO o PO stoO 
O vO O' r^oo o M st p- O' PS St 
ioop^nooOPSOmO'OO'O 
p^ iO St O »0'0 O O O 10 O lO o 


I PS O PS PS O P 


vO O' P^' O' 00 
P^- O'OO St St 
PO PS O PO PO o 
PO PO O PO PO o 


O st st O O O stO O PO stoo 
OvO O'p^t^oo o W str'0\PS St 
OtOPSPSPO»OPSlOMStOstO 
iOPSCSOPOPOOPOOPOOPOO 


P QPSPSQ PSPSPSOPSPSOPSQPS O N O 


rsoo O\oo St 

PO'O QO vO PS st 

000000 

M O O H M O 


o lOStMp^M ststP^^O 0<PS st 

O PO O' St IT) stoo 00 PS stoo O st 
lOPOOPNOfSMMWMOPSO 
PPOOOmhOmO'-'O'-iO 


I O PS PS O PS PS PS O PS PS O PS O PS O PS O 


t^oo O'OO stst 
PO'O 00 O PS st 
sto to »o o 
00 00 00000 O 


O lOStH P^M ststP^^vO O'*-' st 
O PO O' st »0 stoo 00 PS stoo o st 
OOOtoPSiot'-M'OM'OO'OO 

or-f'Ooooooooooooooo 


SOHO HOMO 


H OtPS H O H 
O H 00 H r>i st 
PS M O PS M o 

'O'O O O <0 o 


o M too H O O' »'"0 PO PS PS *-< 
OtOPOHOt"OHMOOOOstst 
lOlOPOPSPSPOHPOMPSOPSO 
ps.i/jinO'O'OO'OO'OO'OO 


S o H O H O * 


M st t' PS O' PO 
O'OO O O'OO o 
PO PO O PO PO o 


O'O'Q O ?■- PS vooO M 00 H< POO 
O p' O'OO MO stM OOO P-«OPO 
OpOmmO'OmOmO'OO'O 
lOPOPOO POstO sto POO POO 


H O M o M O ► 


3.S-3 

SShSSh 


c rt . e ►< . K .X . . 

.5 ctf-S-S-S CPI'S CPI’S rt'o rt-S 

SSShSSsSShShSh 



d d ^ ct 0) ^ 

uo o o 0 


^•a 1C 

O 

Ih >0 o 

^s 

0^3 


C 

O ctt ^ 

jC 

•S ctJ 
o 

O c H 

c 

o 

o.y 

o y> V) 
<U H rt 

i2 8^ 

0 

C 

o '*'* bc 

2:=it 


a p w 
bop . 

43 H 
V 

05^ o 

Si o s 


O Oj 

‘5‘'SX 


jO 

•^ 3^3 5 P 

•sj^ »3 

CPJ Cfl^ 
0 ) ^ CPJ 

£ (u*^ 
Pos'd 

_m‘m C 
TJj O'S 

^d 0) 


cpJ « 

^ S'® 

■O. ppj .. 
w'OO 


4-> 

g 
00 

cs 

w 

o 

O 

s 

a so 

a -I 


o § rt 

rt.i 

P'J w 

o 

f! 

§,« o* 

S* c « 


d o 

fgi 

fs-g 

■-d B cpj 
wi a ^ 


a 

o 

-s 

’ft 

o 

'd 

3 

o 


•as* 6 


c/3 a 

•a 5 

P'1 t-l 

kk o 
bo 

.1 

a 

O fp 

’V 


sj 

^.HS S 

a "J a i>^ 

B PS 

^ <u’5 a 

o^^SjS 

a>’0 

SJ cpJ 

IsS^-llaSo 

1^1^ ^ " 
g .|°s£-^''6 
Ssgi.ps-as, 

t^a‘«;aSo'^5*32ft;'S 
'*^sj E M o sa.S a^s c«xi 
<3 5 « 2 0 ’S ^ s-> S’S ° 

|i-|ag^soi|S 
"•alig'So-s l|i| 
g|sa§s 2 :l|,|i 

■Saa 8 £« a I 
sl^ Isl i 8 


a 

a 

a a 

*2 H 

a« 






















i6 


SCREW THREADS 


HS 

Threads per Inch 

o 

O00N»flf0W t' NWirTMO 't'O 

OiOOt^Ot' rr VO fOOO >0 «0 M fo 

fONMCOfOO I^OO^OOOO 

fo ro T>-fO O 't'<t O 

oooooo o ooooooo 

»*# 


lo « o vO O'© O O OO fO 

'<1-Ov tooco N foo N tT r~ ro 

r *'0 O r-O O w cs't'tO^^O 

roroOf* 5 fOO to fOfOfOOfOfOO 

d d d d d d d d d d d d d d 

HS 


« O W It? 0 »vO M ^ M V ]\0 Tj- M fO 

M N O N lOO O M^Orl-iriNro 

MOO'-IOO >© vooor^oooooo 

rofOOfOroO N NNNONWo 

d d d o o o d d d o o o o o 


00 

« 

OONvOOoON O NOtO rooo (>• m 

oo O 00 o too »0 o *0 M vO to fO 

TtTtO«0^0 O OMNONNO 

NMONOlO 0» MMNOOItSO 

oooooo o ooooooo 


00 

M 

00 MOO CON o NvOPOfOOOt^M 

<(rvooooo\o H NMf>.rrNO»fo 

M O o •-< O o t'0\00 0 0'00 0 

NNOMNO M mmmommo 

d d d o o o o d o o d o d d 

o 

M 

fO 

O^fOOCO^ O t^vo 00 00 o 

00 t-it~O'T»fl O woo^rOONf^w 

oooo O OvoO O »0 »rtvOO 000 O 

wwOmmO m mmhommO 

d d d d d d d d d d d d d o 

00 

o 

ro 

O^t^NOOO 00 0 \ 0 i fOO O lo lO 

N»or»Ti-aio 00 OvrJ-MroOtON 

0«0 00»00 « 

MMO‘-''-'0 M mmmommo 

oooood d ooooodo 

O 

O 

ON 00 ON 00 to rooo Tf ^oo ^ ^ 

t^ooooto^ O t^Ot^rOMO>N 

tOroOtOtOO O ONmOnmo 

hmomhO m wmmommo 

OOOOOO O OOOOOOO 

xr> 

44 

M t>. Tl- O Tj-O N MtOMNNOitO 

Tt t^o *00^0 o-o fO o r~ N 

NmONNO OOOOmOO 

'IMO'-imO O ©mmomm© 

o©oo©o o ©oo©©©© 


00 

M © N © V© rf »o rtsO >0 H iO to N 

N tJ- lo o ^ fooo y? n 

M©©m©© oo 00©©©©©© 

« « ® ® ® o o o © © © © 

oo©©©© © ©oo©doo 

fO 

o 

N'O'OQ©© to M'OQOOO'^rf© 

CO N lo © »o ^ %0 to N lo N 

ao>o©©o r* r^oooo©oOQO© 

oooo©© o oooooo© 

o o © o d © d d d d d d d o 

ro 

yf 

O 

fO*-i<NONOO M OONO'OOvO© 

lo © »00 NfO 'O 'OlONNlOTj'M 

oocooooooo v© vOt^f^Or'.*^© 

oooo©© O OOOOOOO 

OOOOOO O OOOOOOO* 

» 

w 

to r *5 o o to O rooo lO © N oO 

Nr^iOro©fO W) OroONTtNM 

r-.\0 o r-'O © lO'©'© O'O'O O 

OOOOOO O OOOOOOO 

OOOOOO O OOOOOOO* 

O 

O 

00 

ro'oooO'©'^ O N 00 Tf © N 

O't^O'OfO xf x+moonmOm 

\0 »0 © v© V) © rr XT »0 xt o i/> O 

©OO©©© © ©©ooooo 

OOOOOO o oooooo d 

Dimensions and 
Tolerances, in Inches 

-—- 

Bolts and Screws 
Class I, major 5 

Classes 2, 3,1 Max. 
and 4, major < Min. 

diam. ( Tol. 

Class I, minor 

diam.Max.i 

Classes 2, 3. and 

4, minor dUam.Max.^ 
Class I, pitch^JJf^- 

. ?Toi:- 

Class 2, pitch 5 
. 



















FINE-THREAD SERIES 


O '^'O 

»o N 't M 

o o o o o o 

poo o o o__ 

”(> »/5 rt N O N 
t>- m N 00 r- M 
^■^O rfTtO 
PO ro O PO fO O 

o‘ o‘ O O O O 

^O 't ^ ijr> <N 

»0 fO N »0 M 

00 00 O 00 00 O 

W « o « N O 

o o o o o o 


ooo P» o 0\ *H 

o Tl* p» r« lO M 

N N O N N O 

PI N O P» O 

o o' o' o ' o O _ 

00 O N 

M Q N 

o> o> o 


OO P 
t^OO O 


o p« 00 

O ^ M 

o 


M >0 O 
OOO H 
MOO 


\r)>C rfN 
t'O POt' 
fO oyoo O 
-<t PO PO O 


o M mO'O'O'O pcpO 
m O »000 ro t' N >0 
OMOOOOOOO 
't^O ^O Tto 'to 


s o o 
o o» 
Vi'O O^'O 
r* fO N O 
PO PO PO o 


ooooooooo 


Oi N PO PO 'll- M N 

t^N'tMP^ONOlM 

TfwiO »00 WO 'ito 
PO POO POO POO POO 


O O O O O O OOO O O O O 


w a'«i-w 
p< po p"0 

PO « N O 


^ O O t-* POOO Tj-vO N 
w O 'too PO P« O 
OOOVOOOOOOOOOO 
MPIOPIOPIONO 


o o o o 

O PO PO o 
o M«o 
lO H M O 


ooooooooo 


'OMrtOiPOOvt^t"*-' 

MPOOP^ONONO 

p*p^0r<0P«0P»0 


O O O O OOO o o o o o o 


o w PO PI 
O PO r-O 
M 00 f' o 
fi M M o 


00 M fO Ov M O PI 
PI r- 't w PO w M 

oao ao oo 

M M O M o M O 


oooo ooooooo 


o 't PI PI 
O PIOO 
O^nO W O 
M M M O 


woo 't Ov 

PO PO M PI M M 

vO P^ O P" O O 
M M O ll O M O 


oooo ooooooo 


O PI Oi PO 
Ito POO 
O 't PO o 
M M M O 


O O O w woe oo 
O Ov POOO PI p'* M 

Tf It o 'to rto 

M M O M O M O 


oooo ooooooo 


oooo 

00 P» o P-' 

PO M M O 
H M M O 


00 PI Tt PI 't W t- 
M W PO If PI PO M 

PI PI o <1 o PI o 
M M O PI O w O 


_o _o q_o_o o o 

PI rt PI W POOO vO 
o PO PO PI PI M 


oooo ooooooo 


W OiO 

coo M 
OvOvO 
OOO 


rtO» w 

P^ W M 

00 00 o 

OOO 


O O 't'O 
PI vO O'© 

M OnoO O 

M o o o 


wo M PI M O 
00 M PO o PI o 
Ov o o o o o o 
o M O M o M O 


OOO q_q OOOo o o 


O O P^ o 
0 \ w 0» w 
O>00 P^ o 
oooo 


't PI 00 Tf o 0\ w 

P^ O PI 0> PI 00 M 

00 qooo OOO o 
ooooooo 


O OOO O OOO OOO 


a w rr 

W 't M 

r>. p'. O 
OOO 


o o o 

O p- po' 

•O- PI M 
0 0 0 
OOO 


OOO 
OiO PO 
mom 

w w o 

OOO 


OOO 




S2hS2h 


oo M lo 
o't q w 
00 t^o o 

oooo 


q wo 00 q PO It 

moo PI p'- M M 
t' O P^ O P' O 

ooooooo 


_o q q q_ 

O It O 't 
PO POOO w 
r^O w O 
oooo 


OOO oooo 


o W woo 00 PO PO 

't'O PI W M lO M 

vOO OvO OO o 
ooooooo 


OOOO OOO ooo o 


o It w q 
o M<5 It 
o W It o 
oooo 


q PO Tto p- PI PO 

M ll- PI PO M PO M 

w W O w o W o 

ooooooo 


o OOO ooooooo 



Hw ‘ rt -POo !’*0 '*0 ■’o 

:’S, 

^ 4 • H . • Mft . ; . • . • . 

^ 1 rt rt^ rt rt J'S rt-t) rt ’3 rt^ 

o G G 0 C G u 


See footnotes at end of table. 











































Table 4,—^Limiting Dimensions and Tolerances, Classes i, 2, 3, and 4 Fits, American National Fine- 
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Special Pitch and Diameter Combinations.—In general, the 
tables given are intended for use with the two standard thread series 
only. The application of fine pitches to large diameters involves 
questions of workmanship which affect the grade of fit chosen. ^ 
When a pitch of thread is used with a diameter not called for in a 
standard thread series, it shall be defined as of “American National 
Form,” but not as “American Standard.” 


Gejjeral Specifications 

The following general specifications will apply to all classes of 
fits specified in the body of the report. For special specifications 
applying to the loose fit class see the Commission’s Report. 

Uniform Minimum Nut—The pitch diameter of the minimum 
threaded hole or nut corresponds to the basic size, variations being 
permitted above the basic size. The major and minor diameters of 
the minimum nut are also uniform for all classes of fit. 

Uniform Tap Drill Sizes.—The maximum and minimum minor 
diameters and the consequent minor diameter tolerances are the 
same for all nuts of a given size for all classes of fit. This permits 
uniform tap drill sizes for all classes of fit. 

Uniform Major and Minor Diameter of Screws.—The maximum 
and minimum major and minor diameters are the same for all 
screws of a given size for all classes of fit herein tabulated. 

Length of Engagement.—The tolerances herein determined are 
based on a length of engagement not to exceed the nominal or 
major diameter of the screw. Where greater lengths of engagement 
are required, a corresponding increase in the accuracy of lead and 
thread form is necessary, which may be obtained by the provision 
of selection of more accurate threading tools, and the use of longer 
“go’' gages. 

Pitch-Diameter Tolerances Include Lead and Angle Variations.— 

The relations between these quantities are expressed by columns 
4 and 5 of Tables 2, 3, 4 and 5 and are explained by the note at the 
bottom of each table (see page 9). 

These relations may be automatically insured by using a “go” 
gage of the length of engagement required, or by projecting an 
equivalent length of thread on a suitable chart, or by so projecting a 
single thread constrained for the required length of engagement, or 
by any other means which preserves the mathematical relation 
between variations in pitch diameter, lead, and form. 

Pitch-Diameter Tolerances on Screw Same as on Nut.—The 
pitch-diameter tolerances provided for a screw of a given class of 
fit will be the same as the pitch-diameter tolerances provided for the 
corresponding nut of the same class of fit. 
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Tolerances on Major Diameter of Screw Twice Pitch Diameter 
of Tolerances for Free Fit. —The allowable tolerances on the major 
diameter of screws of all classifications will be twice the tolerance 
value allowed on the pitch diameters of screws of the Free Fit 
(Class 2). 

Tolerances on Minor Diameter of Screw. —The minimum minor 
diameter of a screw of a given pitch will be such as to result in a 
basic flat (J X p) at the root. 

The maximum minor diameter is that which would result from 
the use of a threading tool, set at the maximum pitch diameter, 
whose point has been worn or ground back from the basic outline 
by an amount equal to one-eighteenth of the basic depth of engage¬ 
ment h or 0.03684 p). It is permissible that the resulting root 
line shall be rounded. In no case, however, should the form be such 
as to cause the screw to be rejected on the minor diameter by a 
“go” ring gage, the minor diameter of which is equal to the mini¬ 
mum minor diameter of the nut. 

Tolerances on Major Diameter of Nut. —The maximum major 
diameter of the nut of a given pitch will be such as to result in a 
flat one-third of the basic flat X />). 

The nominal minimum major diameter of the nut equals the 
basic major diameter. In practice a clearance is provided to facili¬ 
tate manufacture by permitting a slight rounding or wear at the 
crest of the tap. In no case, however, should the outline resulting 
from a worn tap or cutting tool be such as to cause the nut to be 
rejected on the major diameter by a “go” plug gage made to basic 
form and dimensions at the crest. 

Tolerances on Minor Diameter of Nut. —The tolerances on minor 
diameter of a nut of a given pitch will be one-sixth of the basic 
thread depth regardless of the class of fit being produced (J h 
or 0.10825 p). The maximum and minimum minor diameters are 
determined by the conditions set forth on page 4. In the case of 
a punched hole the average diameter of the hole shall govern. 

Coarse-Thread Series 

The American Standard Coarse-Thread Series, defined in Table 6, 
is recommended for use with free-fit (Class 2) tolerances, and 
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raedium-fit tolerances (Class 3). Its use with close-fit (Class 4) 
tolerances is also permissible, especially in producing the medium 
fit as described on page 4. It is recommended for use with 
the loose-fit tolerances (^Class i), for nuts only in the numbered sizes. 

The resulting dimensions of external and internal screw threads 
with these fits are shown in Tables 7 to 13. 

The tables in this section have been rearranged by the National 
Screw Thread Commission. Some of these combine data that were 
originally given in separate tables. 

Tables 3 to 10, for example, give the limiting dimensions and 
tolerances of the different classes of fits for both coarse and fine 
threads, combined so as to avoid the necessity of consulting separate 
tables for bolts, screws and nuts. 

Tables are also given for the 8-, 12- and 16-pitch series of threads 
which are being used in some industries, where the pitch of the 
thread is kept the same for all diameters. 


Derivation of Tolerances 

Net Pitch-Diameter Tolerance.—The net pitch-diameter toler¬ 
ances for the several classes or grades are based on selections from a 
tolerance series for a pitch of ^ inch, increasing by increments 
of 0.0005 i^ch as follows: 


Grade Tolerance 

A. 0.0005 in. 

B. 0.0010 in. 

C. 0.0015 in, 

JD. 0.0020 in. 

E. 0.0025 in. 


Grade Tolerance 

F. 0.0030 in. 

G. 0.0035 in. 

H. 0.0040 in. 

1. 0.0045 in. 

J. 0.0050 in. 


The grades selected are: 


For loose fit. I 

For free fit. F 

For medium fit. D 

For close fit. B 


Pitch-diameter tolerances for pitches finer than ^ inch are to 
each other and to the tolerance for ^ inch as the six-tenths power of 
their respective pitches. 

Pitch-diameter tolerances for pitches coarser than ^ inch are to 
each other and to the tolerance for ^ inch as the nine-tenths power 
of their respective pitches. 

The factor 0.6 was chosen for pitches finer than ^ inch because 
resulting tolerances except in two instances do not vary more than 
0.0001 inch from the pitch-diameter tolerance in the A.S.M.E. 
Machine Screw Standard. 

Extreme Pitch-Diameter Tolerance.— obtain the extreme 
pitch-diameter tolerance there is added to the net tolerance a ‘‘gage 
increment” obtained as follows: 

To secure extreme tolerances, add to net tolerances: 

Diameter tolerance—“go” gage. 

Diametrical ^equivalent of lead tolerance—“go” gage. 
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Diametrical equivalent of angle tolerance—**go’^ gage. 

Diameter tolerance—“not go” gage. 

Then subtract the following: 

Diametrical equivalent of angle tolerance—“not go” gage, 
i diametrical equivalent of lead tolerance—“not go” gage. 

For instance, using the tolerances (as set by the National Screw 
Thread Commission) for a 20-pitch gage, according to this rule the 
net tolerance would be increased by: 


Inches 

Diameter tolerance—“go”. 0.0002 

Equivalent lead tolerance—“go”. o.00034 

Equivalent angle tolerance—“go”. o.0002 

Diameter tolerance—“ not go ”. o. 0002 

Total. 0.00094 

and would be decreased by: 

Inches 

Equivalent angle tolerance—“not go”. 0.0002 

lead tolerance—“not go”. 0.00017 

Total. 0.00037 


Total increase, 0.00094 — 0.00037 = 0.00057 
Relation of Lead and Angle Errors to Pitch-Diameter Tolerances 

Effect of Lead Error on Pitch-Diameter Tolerance.—The toler¬ 
ances specified for pitch diameters include all errors of pitch and 
angle. Column 4 of Tables 2, 3, 4, and 5 gives the amount of lead 
error which absorbs one-half of the specified pitch-diameter toler¬ 
ance. Lead error X 1.732 = equivalent pitch-diameter error. 

Effect of Angle Error on Pitch-Diameter Tolerance.—Column 
5 of the above-mentioned tables gives the variation in the half 
angle of thread which absorbs one-half of the specified pitch- 
diameter tolerance. 

The formula giving the relation between the amount of pitch- 
diameter tolerance E' absorbed by a variation of a' in half-angle of 
thread is, for symmetrical threads. 


cot a' 


h 

E' sin a cos a 


± coto 


where h = depth of thread. 

a == half-angle of thread, 
a' = error in half-angle. 

The sign of cot a is plus when the half-angle of thread is less than 
the basic by a' and minus when the half-angle is greater than basic. 
The approximate mean values for a' and £' will be obtained when 
plus or minus cot a is omitted from the above formula. For Ameri¬ 
can (National) form of screw thread, the depth of thread 


h -Si \p cot 30° and a 


Substituting, the formula becomes 
cot a' * 


IL 

2E* 


30 * 
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or JS' = — X tan a' = 1.5 p tan a'. 

2 

For all practical purposes, the equivalent pitch-diameter correc¬ 
tions for any angular error can be taken as proportional to the values 
given in the above tables. For example, on the ^-18 thread, an 
angular error i degree 25 minutes is equivalent to a pitch-diameter 
error of 0.00206 inch. An angular error of 17 minutes or one-fifth 
the amount given in the table is equivalent to 0.00041 inch, which 
is almost directly proportional. 

Tolerances for Loose Fit (Class i) 

This fit is recommended whenever an allowance is required 
between the maximum screw and the minimum nut, and in the 
cases where larger tolerances than those given by the free fit (Class 
2) are needed. 

This class of screw threads will be defined and specified as follows: 

Minimum nut is basic. 

Maximum screw is below basic. 

The major diameter and pitch diameter of the maximum screw will be 
below basic in accordance with the diameter specified in Tables i8 and 20. 

Direction of tolerance on the nut: The tolerance on the nut will be plus. 

Direction of tolerance on the screw: The tolerance on the screw will be 
minus. 

Tolerance values: The tolerances on a screw or nut of given diameter and 
pitch will be such as to result from the dimensions given in Tables i8, 19, 
20 and 21. 


Truncated Thread Gages 

The thread form of a ring-thread gage becomes worn with use. 
This wear on the flank of the thread may be largely from near the 
pitch line to the minor diameter, the thread near the major diameter 
of the ring being worn very little. 

When such a worn ring gage is tested or set on a full form-setting 
plug, the unworn area near the major diameter gives a fictitious 
setting, and a ring that appears to be correct may be much oversize 
at pitch diameter. 

Such a worn “go’^ ring gage, when set to a correct full form¬ 
setting plug, would pass screws that were oversize on pitch diam¬ 
eter. Therefore, setting plugs for ‘‘go’* ring gages should be 
truncated to near the pitch line. 
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Tabi£ 6. Limiting Dimensions and Tolerances, Classes 2 and 3 Fits, American National Extra-Fine 

Thread Series 
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Size, in Inches—Threads per Inch 
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SCREW THREADS 


Table 7.—American National 8-Pitch Thread Series 
Pitch, p — 0.12500 Inch; Depth of Thread, h = 0.08119 Inch; 

j) 

Basic Width of Flat, | == 0.01562 Inch; Minimum Width of 
8 

Flat at Major Diameter of Nut, — = 0.00521 Inch 


Identi¬ 

fication 

Basic Diameters 


Thread Data 

Size,in 
Inches 

Major 
Diameter, 
D, in 
Inches 

Pitch 
Diameter, 
E, in 
Inches 

Minor 
Diameter. 
K, in 
Inches 

Metric 
Equiva¬ 
lent of 
Major 
Diameter, 
in Mill- 
meters 

Helix Angle 
at Basic 
Pitch 
Diameter, 
s 

Basic 
Area of 
Section 
at Root 
of Thread, 
irKi 

Square 

Inches 


1.0000 

0.9188 

0.8376 

25.400 

Deg 

2 

Min 

29 

0.5510 


1.1250 

1.0438 

0.9626 

28.575 

2 

11 

0.7277 

if 

1.2500 

I.1688 

1.0876 

31.750 

i 

57 

0.9290 

1} 

1.3750 

1.2938 

1.2126 

34.925 

I 

46 

1.1548 


1.5000 

1.4188 

1.3376 

38.100 

I 

36 

1.4052 


1.6250 

1.5438 

1.4626 

41.275 

I 

29 

I.6801 

i! 

I.7S00 

1.6688 

1.5876 

44.450 

I 

22 

1.9796 

li 

1.8750 

1.7938 

1.7126 

47.625 

1 

16 

2.3036 

2 

2,0000 

I.9188 

1.8376 

50.800 

I 

11 

2.6521 

2i 

2.1250 

2.0438 

1.9626 

53.975 

I 

7 

3.0252 

2i 

2.2500 

2.1688 

2.0876 

57.150 

1 

3 

3.4228 

2? , 

2.5000 

2.4188 

2.3376 

63.500 

0 

57 

4.2917 

2I 

2.7500 

2.6688 

2.5876 

69.850 

0 

51 

5.2588 

3 

3.0000 

2.9188 

2.8376 

76.200 

0 

47 

6.3240 

3i 

3.2500 

3.1688 

3.0876 

82.550 

0 

43 

7.4874 

3h 

3.5000 

3.4188 

3.3376 

88.900 

0 

49 

8.7490 

3 i 

3-7500 

3.6688 

3.5876 

95.250 

0 

37 

10.1088 

4 

4.0000 

3.9188 

3 8376 

loi.600 

0 

35 

11.5667 

Ai 

4-2500 

4.1688 

4.0876 

107.950 

0 

33 

13.1228 

Ah 

4.5000 

4.4188 

4.3376 

114.300 

0 

31 

14.7771 

Ai 

4-7500 

4.6688 

4.5876 

120.650 

0 

29 

16.5295 

S 

5.0000 

4.9188 

4.8376 

127.000 

0 

28 

18.3802 


5.2500 

5.1688 

5 0876 

133.350 

0 

26 

20.3290 


5.5000 

5.4188 

5.3376 

139.700 

0 

25 

22.3760 

5 f 

5.7500 

5.6688 

5.5876 

146.050 

0 

24 

24.5211 

6 

6,0000 

5.9188 

5.8376 

152.400 

0 

23 

26.764s 


^ Standard size of the American National coarse-thread series. 



12-pitch threads 
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Table 8,—American National i 2-Pitch Thread Series 

Pitch, p = 0.08333 Inch; Depth of Thread, h = 0.05413 Inch; 

Basic Width of Flat, - = 0.01042 Inch; Minimum Width of 

o 

Flat at Major Diameter of Nut, — = 0.00347 Inch 


Identi¬ 

fication 

Basic Diameters 


Thread Data 

Size,in 
Inches 

Major 
Diameter, 
D , in 
Inches 

Pitch 
Diameter, 
E , in 
Inches 

Minor 
Diameter, 
A, in 
Inches 

Metric 
Equiva¬ 
lent of 
Major 
Diameter, 
in Mill- 
meters 

Helix Angle 
at Basic 
Pitch 
Diameter, 

5 

Basic 
Area of 
Section 
at Root 
of Thread, 

lEl 

^ 4 ’ 

Square 

Inches 


0.5000 

0 . 44 S 9 

0.3917 

12.700 

Deg 

3 

Min 

24 

0 .1205 

A' 

0.5625 

0.5084 

0.4542 

14.288 

2 

59 

0.1620 

i 

0.6250 

0.5709 

0.5167 

15.875 

2 

40 

0.2097 


0.687s 

0.6334 

0.5792 

17.463 

2 

24 

0.263s 

i 

0.7500 

0.6959 

0.6417 

19.050 

2 

II 

0.3234 

U 

0.8125 

0.7584 

0.7042 

20,638 

2 

0 

0.389s 

i 

0.8750 

0.8209 

0.7667 

22.225 

I 

SI 

0.4617 

il 

0.9375 

0.8834 

0.8292 

23.813 

I 

43 

0.5400 

I 

I. 0000 1 

0.9459 

0.8917 

25.400 

I 

36 

0.624s 

I A 

1.062s 

1.0084 

0.9542 

26.988 

I 

30 

0.71SI 


I.1250 

1.0709 

1,0167 

28.575 

I 

25 

0.8118 

I A 

1.187s 

I.1334 

1.0792 

30.163 

I 

20 

0.9147 


I .2500 

I.1959 

I.1417 

31.750 

I 

16 

I.0237 

1 A 

1.3125 

1.2584 

I .2042 

33.338 

I 

12 

1.1389 

If* 

I .3750 

1.3209 

I .2667 

34.92s 

I 

9 

I .2602 

I A 

I .4375 

1.3834 

1.3292 

36.513 

I 

6 

1.3876 


I.5000 

1.4459 

^ I.391 7 

38.100 

I 

3 

I.5212 

I 1 

I.6250 

1.5709 

I.S167 

41.275 

0 

58 

I.8067 

li 

I.7500 

1.6959 

1.6417 

44.450 

0 

54 

2.1168 

i| 

1.8750 

I .8209 

I .7667 

47.625 

0 

50 

2.4514 

2 

2,0000 

I .9459 

1.8917 

50.800 

0 

47 

2.8106 

2 \ 

2.2500 

2.1959 

2.1417 

57.150 

0 

42 

3.6025 


2.5000 

2 .4459 

2.3917 

63.500 

0 

37 

4.4927 

2i 

2.7500 

2.6959 

2.6417 

69.850 

0 

34 

5.4810 

3 

3.0000 

2.9459 

2.8917 

76.200 

0 

31 

6.5674 

3 i 

3.2500 

3.1959 

3 I417 

82.550 

0 

29 

7 .7521 

3 i 

3.5000 

3.4459 

3.3917 

88.900 

0 

26 

9.0349 

3} 

3.7500 

3.6959 

3.6417 

95.250 

0 

25 

10.4159 

4 

4.0000 

3-9459 

3.8917 

101.600 

0 

23 

11.8951 


4.2500 

4.1950 

4.1417 

107.950 

0 

22 

13.472s 

4 * 

4.5000 

4-4459 

4.3917 

114.300 

0 

21 

15.1480 

4 i 

4.7500 

4.6959 

4.6417 

120.650 

0 

19 

16.9217 

5 

5.0000 

4.9459 

4.8917 

127.000 

0 

18 

18.7936 

Si 

5.2500 

5.1959 

5.1417 

133.350 

0 

18 

20.7636 

5 * 

5.5000 

5-4459 

S.3917 

139.700 

0 

17 

22.8319 

si 

5.7500 

5.6959 

5.6417 

146.050 

,0 

16 

24.9983 

6 

6.0000 

5 .9459 

5 .8917 

152.400 

0 

IS 

27.2628 


1 Standard size of the American National coarse-thread series. 
* Standard size of the American National fine-thread series. 
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UNIFORM PITCH SCREW THREADS FOR 
fflGH-PRESSURE FASTENINGS, BOILER APPLICATIONS, 
AND MACHINE COMPONENTS 

Where special threads are required, it is advisable to select a suit¬ 
able pitch as standard for a given range of sizes. It is advantageous 
to have a uniform use of such special threads and pitches of 8, 12, 
and 16 threads per inch have been selected and are widely used. 

The 8-Pitch Standard 

This is used largely for bolts in high-pressure pipe flanges, in 
cylinder-head studs, and in similar fastenings where an initial 
tension is required in the fastening, so that the joint will not open 
up when pressure is applied. For this reason it is not advisable to 
have the pitch increase with the diameter, and the 8-pitch thread 
is widely used. 

The 12-Pitch Standard 

The 12-pitch threads are largely used in sizes from i inch to 
if inches in boiler practice, for this requires the retapping of worn 
stud holes to the next larger size, in increments of inch. This 
holds through most of the range. The 12-pitch threads are also 
widely used in machine construction on such parts as thin nuts for 
shafts and sleeves. Shoulder diameters are usually limited to 
J-inch steps, and the 12-pitch thread is the coarsest that will per¬ 
mit a threaded collar which screws on a threaded shoulder to slip 
over a shaft J inch smaller in diameter. 

The 16-Pitch Standard 

While this thread is intended primarily for such work as adjust¬ 
ing collars, which require a fine thread, it also has other uses. It is 
used in retaining nuts for bearings and similar places. 


Table 9.—Tolerance Increments for Special Threads 


Class of Fit 

Diameter 

Increment 

Length of 
Engagement 

Pitch 

Increment 

I 

0.002\/D 

0 . 002 Q 

0.020\/p 

2 

0.002\/D 

0 . 002 Q 

O.OIOV^j^ 

3 

0.002\/D 

0 . 002 Q 

o.oos\/p_ 

4 

o.ooiy/D 

o.ooiQ 

0.0025\/ p 


Q is the symbol for length of engagement. ^ For the 8-, 12-, and 16-pitch 
thread series, and the Extra-Fine thread series, the Class 3 tolerances are 
70 per cent of Class 2 tolerances as derived from these formulas. 




i6‘PITCH THREADS 
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Table ga .— American National i6-Pitch Thread Series 
[Pitch, p = 0.06250 Inch; Depth of Thread, h — 0.4059 Inch; Basic 

h 

Width of Flat, | ~ 0.00781 Inch; Minimum Width of Flat at 


Major Diameter of Nut, ~ = 0.00260 Inch] 
24 


Identi¬ 

fication 

Basic Diameters 


Thread Data 

Size,in 
Inches 

Major 
Diameter, 
D, in 
inches 

Pitch 
Diameter, 
£, in 
Inches 

Minor 
Diameter, 
K, in 
Inches 

Metric 
Equiva¬ 
lent of 
Major 
Diameter, 
in Mill- 
meters 

Helix Angle 
at Basic 
Pitch 
Diameter, 
s 

Basic 
Area of 
Section 
at Root 
of Thread, 
irA* 

4 ’ 
Square 
Inches 

j 

\ 


0,7500 

0,812s 

0.7094 

0.7719 

0.6688 

0.7313 

19.050 

20.638 

Deg 

I 

I 

Min 

36 

29 

0.3513 

0.4200 


0.8750 

0.8344 

0.7938 

22.225 

I 

22 

0 .4949 


0.9375 

0.8969 

0.8563 

23.813 

I 

x6 

0.5759 

I 


I.0000 

0.9594 

0.9188 

25,400 

I 

XX 

0.6630 

I A 

1.062s 

I.0219 

0.9813 

26.988 

I 

7 

0.7563 

I* 

I.1250 

1,0844 

1.0438 

28.575 

I 

3 

0.8557 

I A 

1.1875 

1.1469 

1.1063 

30.163 

X 

0 

0.9612 

li 

I.2500 

I.2094 

I.1688 

31.750 

0 

57 

1.0729 

I T<r 

1,3125 

I.2719 

I.2313 

33.338 

0 

54 

I.1907 

I 

1 

1.3750 

1.3344 

I.2938 

34.92s 

0 

51 

I.3147 

I 

A 

1-4375 

1.3969 

1.3563 

36.513 

0 

49 

1.4448 


1.5000 

I .4594 

1.4188 

38.100 

0 

47 

I.58x0 

I w 

1.562s 

1.5219 

1.4813 

39.688 

0 

45 

1.7234 

If 

1.6250 

I.5844 

1.5438 

41.27s 

0 

43 

1.87x9 

iH 

1.6875 

1.6469 

I.6063 

42,863 

0 

42 

2.026s 


ii 

1.7500 

1.7094 

1.6688 

44.450 

0 

40 

2.1873 

I ^ 


1.812s 

I.7719 

I.7313 

46.038 

0 

39 

2.3542 

If 


1.8750 

1.8344 

1.7938 

47.62s 

0 

37 

2.5272 

1 1 


1.9375 

I,8969 

I.8563 

49.213 

0 

36 

2.7064 

2 


2.0000 

I .9594 

1.9188 

50.800 

0 

35 

2.89x7 

2 


2.1250 

2.0844 

2.0438 

53.975 

1 0 

33 

3.2807 

2 


2.2500 

2.2094 

2.1688 

57.150 

0 

31 

3.6943 

2 


2.3750 

2.3344 

2.2938 

60.325 

0 

29 

4.1324 

2 


2.5000 

2.4594 

2.4188 

63.500 

0 

28 

4 .5950 

2 


2.7500. 

2.7094 

2.6688 

69.850 

0 

25 

S .5940 

3 


3.0000 

2.9594 

2.9188 

76.200 

0 

23 

6.69x1 

3 l 

3.2500 

3.2094 

3.1688 

82.550 

0 

21 

7.8864 

3} 


3.5000 

3.4594 

3.4188 

88.900 

0 

20 

9.1799 

si 


3.7500 

3.7094 

3.6688 

95.250 

0 

18 

X 0 .S 7 XS 

4 


4.0000 

3.9594 

3.9188 

xoi.600 

0 

17 

12.06x4 


1 Standard size of the American National fine-thread series. 
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SCREW THREADS 


Data Referring to Figs. 2a to 2d 


Symbols and Values 

D as major diameter, nominal and 
basic 

Dn * major diameter of nut * D 

Dt = ma|or diameter of screw *= D 

E » pitch (effective) diameter, 
basic D — h 

En ** pitch (effective) diameter of 
nut ^ D — h 

^Et *» pitch (effective) diameter of 
screw classes 1^,2, and 3 = D 
— h 

Fe « crest width, minimum 
=1 0.243624/) 

Fr = root width, maximum 
=» 0.166667/) 

F$ = minimum width of flat, new 

chaser = ~ 

12 

Ft = minimum width of flat, new 



H «= height of basic triangle 
0.960491/) 

h = depth of basic thread 
« 0.640327/) 

J = allowance at pitch (effective) 
diameter => 0.055 == 002832^ 


K = minor diameter, basic ■■ D 

— 2 h 

Kn =■ minor diameter of nut =» D 

— 25 

“ minor diameter of screw =» D 

— 2 h 

n = number of threads per inch 
p * pitch « ^ 

q => height of truncated thread 
= 0.566410/) 

r “ radius of British Stand¬ 
ard Whitworth thread » 
o.I37329/> 

V double the height of segment 
of British Standard Whit¬ 
worth crest = 0.147835/) 
Screw 

Major diameter, maximum = D 

— o.I4783S/> 

Pitch (effective) diameter, maxi¬ 
mum — D — 0.640327P 
Minor diameter, maximum = D 

— i. 28 o 655 /> 

Nut 

Major diameter, minimum =* D 
Pitch (effective) diameter, mini¬ 
mum = D - 0.640327P 
Minor diameter, minimum «*» D 

— 1.132820/) 


1 E$ for Class i is less than E$ for other classes by value J. 

2 Dimensions computed by use of this formula may vary by 0.0001 inch 
from dimensions shown in Tables 21, 22, and 23, as these dimensions have 
been made to agree with BS84-1940. 
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Fig. 2 a . Fig. 2 h . 

Fig. 2a .— British Standard Screw Threads of Whitworth Form. 
Fig. 26.—Screw Threads of Truncated Whitworth Form. 


Min.wictfh of flat 

Corners may be, crest on new tap 


F- • U-’’ 


' 'Optional round 
crest on new chaser 


Min. width of flat 
crest on new chaser 


, Approximate shape of 
I fUkts on component parts 
\ when using worn foots^ 



Limit tine at min. majordiam.nuf 

max.minordiam. screw 


Fig. 2 C. Fig. id. 

Fig. 2c. —New Chaser {Lejf) and Tap (Right). 
Fig. id .—Screw (Left) and Nut (Right). 
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SCREW THREADS 


BRITISH STANDARD WHITWORTH THREADS 

The new standards for threads used in Great Britain are spon¬ 
sored by the British Standards Institution which has succeeded the 
British Engineering Standards Association. The terms used are 
now the same as in the American standard as to major and minor 
diameters, but they still use ‘‘effective diameter*^ where we use 
“pitch diameter.** 

These standards now include a five-thread series and a parallel 
pipe thread, as will be seen in the tables that follow. They are 
designated as B. S. Whit, B. S. Five, and B. S. Pipe (Parallel). 

These standards do not include the British Association thread 
of 47i deg. which is given on page 41. These are dated May, 1940. 


Table 13.—Radius of Whitworth Threads 


Threads per 
Inch 

Radius in 
Inches 

Threads per 
Inch 

Radius in 
Inches 

40 

0.0034 

9 

0 . 0 IS 3 

24 

0.0057 

8 

0.0173 

20 

0.0069 

7 

0.0196 

19 

0.0072 

6 

0.0229 

18 

0.0076 

5 

0.027s 

16 

0.0086 

4 l 

0.030s 

14 

0.0098 

4 , 

0.0343 

13 

0.0XX4 

3 } 

0.0392 

IX 

0.0x25 

3 t 

0.0433 

10 

0.0137 

3 

0.0458 


AMERICAN TRUNCATED WHITWORTH THREADS 

American War Standard Screw Threads of Truncated Whitworth 
Form,^ to be known as American Truncated Whitworth Threads, 
have been adopted to facilitate and reduce the cost of a thread that 
is interchangeable with Standard Whitworth threads, as shown on 
the following pages. 

The tools that produce these threads and the gages that check 
them will secure interchangeability with Standard Whitworth 
threads. They will not produce the Standard Whitworth profile 
nor gage Standard Whitworth threads. Plain gages for major and 
minor diameters of the two systems cannot be used interchangeably, 
as the diameters differ. But Standard Whitworth “go’* ring 
gages, snap gages, and plug gages will accept Truncated Whitworth 
threads of proper pitch diameter, lead, and angle, making these 
gages available for both systems. For checking truncated threads 
these gages must be supplemented by plain gages for measuring 
major and minor diameters. 

All orders should indicate clearly whether the supplier is to 
produce American Truncated Whitworth Treads according to this 
standard, or whether either kind of thread will be accepted. 

1 Approved June xp, 1944. 







Table 14.—Screw Threads of Truncated Whitworth Form 
Symbol Values for Each Pitch 
(Dimensions in Inches) 


TRUNCATED WHITWORTH THREADS 



000 0^0 0 PO'tOi 'TO* 

HfO'CpiM r*oo OvOwM roxt'tmio 

'O'O <0 'O t«l>>t«OOOCiOO 00 00 00 00 00 
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Note:^ I. The tolerance on pitch diameter includes all variations in lead and angle. The values for pitch diameter tolerances 
given in this table are based on a length of engagement equal to the basic major diameter, but may be used for lengths of engage¬ 
ment up to I i diameters. 

2. The minimum minor diameter of the screw is established by the crest of a new chaser (see F*, Fig. 2C^ left) and the maximum 
major diameter of the nut by the crest of a new tap (see Fig. Fr, Fig. 2c, right). 
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diameter tolerances given in this table are based on a length of engagement equal to the basic (major) diameter, but may be used 
for lengths of engagement up to i i diameters. 

3. The minimum najnor diameter of the screw is established by the crest of a new chaser (see F«, Fig. 2C, left) and the maximum 
major diameter of the nut by the crest of a new tap (see Ft, Fig. 2 c, right). 
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0087 0.0092 0.0098 0.0103 0.0109 

0094 o.oos>9 0.0104 0.0109 o.oiis 

0102 0.0107 0.0113 0.0118 0.0123 

oiii 0.0116 0.0122 0.0127 0.0132 











Table 19.—Whitworth Screw Threads of Speqal Diameters, Pitches, and Lengths of Engagement. 

Continued 
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37<> SCREW THREADS 

Table 21a.—I nspection Gage Data for Screw Threads of 
Truncated Whitworth Form 


Screw 


Plain Adjustable Snap Gage 

Major diameter go gage — maximum 
major diameter of screw 
Major diameter not-Go gage — mini¬ 
mum major diameter of screw 
Go Thread Ring Gage 
Major diameter 
Pitch (effective) diameter 
Minor diameter 

Maximum minor diameter of screw. 
(Check with plain check plug where 
dimension measured is less than J inch) 
Lead 

Half angle 

Thread Check for Go Ring Gage 

Major diameter “ maximum major di¬ 
ameter of screw 

Pitch (effective) diameter ** maximum 
pitch (effective) diameter of screw 
Minor diameter 
Lead, allowable variation 
(Same as for gage checked) 

Half angle, tolerance 

(Same as for gage checked) 

Plain Check for Go Ring Gage 

(Used where dimension measured is less 
than \ inch) 

Limits 

(Same as for minor diameter of gage 

Not-Go Thread Ring Gage 
Major diameter 
Pitch (effective) diameter 
Minor diameter = minimum pitch (effec¬ 
tive) diameter of screw minus ^ 

(Check with plain check plug when di¬ 
mension measured is less than i inch) 
Lead 

Half angle 

Thread Check for Not-Go Ring Gage 
♦Major diameter » *maximum major 
diameter of screw 

Pitch (effective) diameter » minimum 
pitch diameter of screw 
Minor diameter 
Lead, allowable variation 
(Same as gage checked) 

Half angle, tolerance 
(Same as gage checked) 

Plain Check for Not-Go Ring Gage 

(Used where dimension measured is less 
than i inch) 

Diameter and limits same as for minor di¬ 
ameter of gage checked 



Found in 

Detail 

Table 28 
Column 

Tolerance minus 

13 

Tolerance plus 

13 

Cleared 

Set to check 

3 

Tolerance minus 

12 

Allowable variation, 

7 

plus or minus 
Tolerance, plus or 

8 

minus 


Tolerance minus 

12 

Allowance minus 

9 

Tolerance minus 

10 or II 

Cleared 

S 

Cleared 

Set to check 

4 

Determine - from 

6 

0 

Tolerance plus 

12 

Allowable variation, 

• 7 

plus or minus 
Tolerance, plus or 

8 

minus 


Tolerance plus 

12 

Tolerance plus 

II 

Cleared 

4 
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Table 21a.—I nspection Gage Data for Screw Threads of 
Truncated Whitworth Continued 


Nut 

Detail 

Found in 
Table 28 
Column 

Go Thread Plug Gage 



Major diameters = minimum major di¬ 
ameter of nut 

Tolerance plus 

12 

Pitch (effective) diameter = minimum 

Allowance plus 

9 

effective (pitch) diameter of nut 

Tolerance plus 

10 or II 

Minor diameter 

Cleared 

3 

Lead 

Allowable variation, 

7 

Half angle 

plus or minus 
Tolerance, plus or 

8 


minus 


Not-Go Thread Plug Gage 



Major diameter = maximum effective 

Determine ? from 

6 

P 

(pitch) diameter of nut plus ^ 

3 

Tolerance minus 

12 

Pitch (effective) diameter = maximum 
effective (pitch) diameter of nut 

Tolerance minus 

II 

Minor diameter 

Cleared 

4 

Lead 

Allowable variation. 

7 

Half angle 

plus or minus 
Tolerance, plus or 

8 


minus 


Go Plain Plug Gage 

Allowance plus 


Minor diameter = minimum minor di¬ 

9 

ameter of nut 

Tolerance plus 

14 

Not-Go Plain Plug Gage 



Minor diameter = maximum minor di¬ 
ameter of nut 

Tolerance minus 

14 


* Except that crest of thread shall never have a flat of less than 0.0O3 inch. 





22 . Screw Threads op Truncated Whitworth Form—Plain and Thread Inspection 
_ (Dimensions in Inches) 
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Stamp 


60 L4754 
N0T60L4637 



Fig. 26 . —Adjustable Plain Snap Gage (American Gage Design 
Standard, Model C) for Checking Screw Threads of Truncated 
Whitworth Form. Nominal Diameter Inches; 6 Threads per 
Inch; Class 2 Tolerance. 


SfampGO Stamp NOT GO 5 Stamp GO 


Minorctfam I.3II2. [Minor diam 13269^ P. D. 
- - Ut 

s. 


5famp 

^.D.1.39 




stamp marking 
DOUBLE-ENDED PLAIN PLUG 




'933. 

-i- 


Stamp NOT 60 
P.D. 1.4013. 


e 


stamp rnarhing' 
DOUBLE-ENDED THREAD PLUG 



Fig. 2/.—Double-Ended Plain and Thread Plug Gages for Check¬ 
ing Screw Threads of Truncated Whitworth Form. Nominal 
Diameter ij Inches; 6 Threads per Inch; Class 2 Tolerance. 

Notes. Gages are to be of American Gage Design Standard. 
Gaging members are to be hardened, ground, and lapped. First 
half-turn of end threads is to be removed to avoid feather edges. 
Permissible variation in lead between any two threads ± 0.0004 
inch. 
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Fig. 2f—Example of Screw Threads of Truncated Whitworth 
Form, Coarse Series Nominal Diameter li Inches; 6 Threads per 
Inch; Class 2 Tolerance; Length of Engagement ij Inches. 

Note. In this drawing clearance has been shown between the 
pitches for the purpose of accentuating the outline of the thread 
forms. However, under maximum metal conditions the full length 
of the flanks of any combination of the four units is in metal-to- 
metal contact. 
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Truncated Whitworth Form 

Nominal Diameter li Inches; Length of Engagement li Inches; 
6 Threads per Inch; Class 2 (Medium) Tolerance 


Dimensions of Thread on Screw 

Dimensions of Thread in Nut 

Major diam- 

Major diam- 

eter i .4754 — 0.0117 

eter i. 5000 minimum 

Pitch (effec¬ 

Pitch (effec¬ 

tive) diam¬ 

tive) diam¬ 

eter I .3933 — 0.0080 

eter 1.3933 -f 0.0080 

Minor diam¬ 

Minor diam¬ 

eter 1.2866 maximum 

eter I. 3112 + 0.0157 


Comparative Dimensions of Standard Whitworth Form 
Nominal Diameter li Inches; Length of Engagement Inches; 
6 Threads per Inch; Medium Fit 


Dimensions of Thread on Screw 

Dimensions of Thread in Nut 

Major diam- 

Major diam- 

eter i. 5000 — 0.0121 

eter i. 5000 minimum 

Pitch (effec¬ 

Pitch (effec¬ 

tive) diam¬ 

tive) diam¬ 

eter) 1.3933 “ 0.1080 

eter 1.3933 4- 0.0080 

Minor diam¬ 

Minor diam¬ 

eter 1.2866 — 0.0162 

eter 1.2866 -f* 0.0403 
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Table 23.—Suggested Tap Drill Sizes* 

Screw Threads of Truncated Whitworth Form—Coarse Series 


Nominal 

Minor Diam. of Nut, in 
Inches 

Stock Drill 

Thread Size 

1 . . > . 

Min. Max. 

Designation 

Decimal Size, 
in Inches 

i-40 

0.0967 0.1020 

No. 40 

0.0980 



2.5 mm 

0.0984 



No. 39 

0.099s 

A-24 

0. 1403 0.1474 

No.28 

0.1405 



A in. 

0.1406 



3.6 mm 

0.1417 



No. 27 

0.1440 



3.7 mm 

O.I 4 S 7 

i-20 

0.1934 0.2030 

No. 10 

0.193s 



No. 9 

0.i960 



5 mm 

0.1968 



No. 8 

0.1990 



5.1 mm 

0.2008 



No. 7 

0.2010 


0.249s 0.2594 

1 in. 

0.2500 



6.4 mm 

0.2520 



6.5 mm 

0.2559 



F 

0. 2570 

|-i6 

0.3042 0.3145 

7-75 mm 

0.3051 



7.8 mm 

0.3071 



7.9 mm 

0.3110 



A in. 

0.3125 

A-14 

0.3567 0.3674 

T i 

0.3580 



9.1 mm 

0.3583 



M in. 

0.3594 



9.2 mm 

0.3622 



9.25 mm 

0.3642 

i.I2 

0.4055 0.4169 

Hin. 

0.4062 



Z 

0.4130 



10.5 mm 

0.4134 


0.4680 0.4794 

Hin. 

0.4688 



12 mm 

0.4724 

f-II 

0.5220 0.5338 

Hin. 

0.5312 



13.S mm 

0.5315 

H-II 

0.5845 0.5963 

15 mm 

0.5906 



in. 

0.5938 


* This table is for reference only. It may be that, due to unfavorable 
manufacturing conditions, the use of a drill given in this Ij^st will not result in 
the production of minor diameters lying within the specified maximum and 
minimum limits. 
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Table a3a.—S uggested Tap Drill Sizes,*— 


Nominal 
Thread Siae 

Minor Diam. of Nut, in 
Inches 

Stock Drill 

Min. 

Max. 

Designation 

Decimal Size, 
in Inches 

f-io 

0.6368 

0.6490 

ttin. 

0.6406 

i -9 

0.7492 

0.7620 

Jin. 

0.7500 

1-8 

0.8585 

0.8720 

JJin. 

0.8594 




22 mm 

0.8661 

ii -7 

0.9631 

0.9776 

24.5 mm 

0.9646 




}i in. 

0.9688 

ii -7 

1.0881 

1.1026 

IA in. 

I.0938 




28 mm 

I. 1024 

iJ-6 

i. 3”2 

1.3269 

lA in. 

1.3125 




33.5 mm 

1.3189 

li-S 

1.5234 

I . 5408 

iH in. 

1.5312 




39 mm 

I .5354 

2 - 4 § 

1.7483 

I .7668 

If in. 

1.7500 




44.5 mm 

1.7520 




if} in. 

1.7656 

2 i -4 

I .9668 

I .9868 

50 mm 

I.9685 




iff in. 

I .9688 




i}} in. 

1.9844 

2J-4 

2.2168 

2.2368 

2A in. 

2.2188 




56.5 mm 

2.2244 




2Hin. 

2.2344 

*!-3i 

2.4262 

2.4481 

2* in. 

2.4375 




62 mm 

2.4409 

3-3i 

2.6762 

2.6981 

68 mm 

2.6772 




2Hin. 

2.6875 




68.5 mm 

2 .6968 


* This table is for reference only. It ma^ be that, due to unfavorable 
manufacturing conditions, the use of a drill given in this list will not result 
in the |>roduction of minor diameters lying within the specified maximum 
and minimum limits. 
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Table 24.—Suggested Tap Drill Sizes* 

Screw Threads of Truncated Whitworth Form—Fine Series 


Nominal 
Thread Size 

Minor Diam. of Nut, in 
Inches 

Stock Drill 



■ 


Min. 

Max. 

Designation 

Decimal Size, 
in Inches 

A- 3 a 

0.1521 

O.IS 77 

No. 24 

3.9 mm 

No. 23 

A in. 

0.1520 

0.153s 

0.1540 

0.1562 

i 

0.1783 

0.1841 

No. IS 

4.6 mm 

No. 14 

i 0.I800 

i 0.1811 

o.iSao 

i-a6 

0.206s 

0 . 2 I 2 S 

5.25 mm 

5.3 mm 

No. 4 

0.2067 

0.2087 
0.2090 

A -36 

0.2377 

0.2437 

B 

6.1 mm 

C 

0.2380 

0.2402 
0.2420 

A-22 

0.2610 

0.2684 

G 

6.7 mm 
Hin. 

6.7s mm 

H 

0.2610 
0.2638 

0.2656 

0.2657 

0.2660 

1-20 

0.3184 

0.3280 

i 

8.1 mm 

8.2 mm 

P 

8.2s mm 

0.3189 

0.3228 

0.3230 

0.3248 

A-I8 

1 

0.374s 

0.3844 

9.6 mm 

9.7 mm 

0.3750 

0.3770 

0.3780 

0.3819 

i-i6 

0.4292 

0.4395 

II mm 

A in. 

0.4331 

0.437s 

A-16 

0.4917 

0.5020 

12.5 mm 

i in- 

0.4921 

0.5000 

f-14 

0.5442 

O.SS 49 

n in. 

14 mm 

0.5469 

0.5512 

H-14 

0.6067 

0.6174 

« in. 

15.5 mm 

0.6094 
0.6102 

1-12 

0 . 6 SSS 

0,6669 

44 in. 

0.6562 

A-12 

0.7180 

0.7294 

H in. 

0.7188 

f-II 

0.7720 

0.7838 

ft 

0.7812 

I-IO 

0.8868 

0.8990 

it in. 

0.8906 

li -9 

0.9992 

I.0120 

i.o in. 

25.5 mm 

I.0000 

I.0039 

iJ -9 

I .1242 

1.1370 

»n. 

I.1250 

11-8 

1.233s 

I .2470 

itt in. 

31.5 mm 

I.2344 

I.2402 

li-S 

1.358s 

1.3720 

34.S mm 
i« in. 

1.3583 

1 3594 


* This table is for reference only. It may be that, due to unfavorable 
manufacturing conditions, the use of a drill given in this list will not result in 
the production of minor diameters lying within the specified maximum and 
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Table 24a.—S uggested Tap Drill Sizes* 

Screw Threads of Truncated Whitworth Form British Standard 
Pipe (Parallel) 

(For general engineering purposes) 


Nominal 
Thread Size 

Minor Diam. of Nut, in 
Inches 

Stock Drill 

Designation 

Decimal Size 
in Inches 

Min. 

Max. 

i-28 

0-3425 

0.3483 

8.7 mm 

0.3425 




ii in. 

0.3437 




8.75 mm 

0.3445 




8.8 mm 

0.3465 

i-19 

0.4584 

0.4681 

H in. 

o. 453 it 

i-19 

0,5964 

0.6061 

H in. 

o. 5937 t 

i-14 

0.7442 

0.7549 

19 mm 

0.7480 




i m. 

0.7500 

i-U 

0.8212 

0.8319 

21 mm 

0.8268 




M in. 

0.8281 

i-14 

0.9602 

0.9709 

24.5 mm 

0.9646 




fi in. 

0.9687 

fi 4 

I.1082 

I.1189 

iih in. 

I.1094 

i-ii 

I.2060 

I.2178 

lit in. 

I.203lt 

li-ii 

1.5470 

1.5588 

i|i in. 

1.54691 




39.5 mm 

1.5551 

ij-ii 

1.7790 

I.7908 

iff in. 

1.7812 


* This table is for reference only. It may be that, due to unfavorable 
manufacturing conditions, the use of a drill given in this list will not result 
in the jjroductiori of minor diameters lying within the specified maximum 
and minimum limits. 

t These drills are not within the minor diameter tolerance but are the 
nearest smaller standard size. Provision should be made for machining to 
size. 
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Table 25.— ^British Standard Whitworth Screw Threads— 
Basic Sizes 


I 

2 

3 

4 

s 

6 

7 

8 

Nom¬ 

inal 

Diam¬ 

eter, 

in 

Inches 

Num¬ 
ber of 
Threads 
per 
Inch 

Pitch, 
in Inches 

Depth of 
Thread, 
in Inches 

Major 

Diam¬ 

eter, 

in Inches 

Effective 

Diam¬ 

eter, 

in Inches 

Minor 

Diam¬ 

eter, 

in Inches 

Cross- 
Sectional 
Area at 
Bottom 
of 

Thread, 
in Square 
Incnes 

K* 

40 

0.025 00 

0.0160 

0.1250 

0.1090 

0.0930 

0.0068 

A 

24 

0.041 67 

0.0267 

0.187s 

0.1608 

0.1341 

0.0141 

i 

20 

0.050 00 

0.0320 

0.2500 

0.2180 

0.i860 

0.0272 

A 

18 

0 -O 5 S S6 

0.0356 

0.3125 

0.2769 

0.2413 

0.0457 

f 

16 

0.062 50 

0.0400 

0.3750 

0.3350 

0.2950 

0.0683 

A 

14 

0.071 43 

0 - 04 S 7 

0.437s 

0.3918 

0.3461 

0.0941 

i 

12 

0.083 33 

0.0534 

0.5000 

0.4466 

0.3932 

0.1214 

A 

12 

0.083 33 

0.0534 

0.5625 

0.5091 

0.4557 

0.1631 

£ 

8 

II 

0.090 91 

0.0582 

0.6250 

0.5668 

0.5086 

0.203 2 

iit 

II 

0.090 91 

0.0582 

0.6875 

0.6293 

0.5711 

0.2562 

i 

10 

0.100 00 

0.0640 

0.7500 

0.6860 

0.6220 

0.3039 

1 

9 

O.III II 

0.0711 

0.8750 

0.8039 

0.7328 

0.4218 

I 

8 

0.125 00 

0.0800 

I.0000 

0.9200 

0.8400 

0.5542 

4 

7 

0.142 86 

0.0915 

0.1250 

I 0335 

0.9420 

0.6969 

li 

7 

0.142 86 

0.0915 

I.2500 

1-1585 

I.0670 

0.8942 

li 

6 

0.166 67 

0.1067 

I.5000 

1-3933 

I.2866 

1.300 


5 

0.200 00 

0.1281 

1.7500 

I.6219 

1.4938 

1-753 

2 

4-5 

0.222 22 

0.1423 

2.0000 

1-857/ 

^-7154 

2.311 

2} 

4 

0.250 00 

0.1601 

2.2500 

2.0899 

1.9298 

2.925 

2i 

4 

0.250 00 

0.1601 

2,5000 

2.3399 

2.1798 

3-732 


3-5 

0.285 71 

0.1830 

2.7500 

2.5670 

2.3840 

4.464 

3 

35 

0.285 71 

0.1830 

3.0000 

2.8170 

2.6340 

S -449 

3 i 

3 - 2 S 

0.307 69 

0.1070 

3.2500 

3 0530 

2.8560 

6.406 

3 i 

3-25 

0.307 69 

0.1970 

3.5000 

3-3030 

3.1060 

7-577 

3 i 

3 

0-333 33 

0.2134 

3-7500 

3-5366 

3-3232 

8.674 


3 

0.333 33 

0.2134 

4.0000 

3.7866 

3-5732 

10.03 

4 i 

2-875 

0.347 83 

0.2227 

4.5000 

4-2773 

1 

4-0546 

12.91 

5 , 

2-75 

0.363 64 

0.2328 

5.0000 

4.7672 

4-5344 

16.15 

5 i 

2.625 

0.380 95 

0.2439 

5.5000 

S-2S6I' 

5.0122 

19-73 

6 

2.5 

0.400 00 

0.2561 

6.0000 

S -7439 

5-4878 

23-65 


♦ Dimensionally the i in. X 40 t.p.i. thread belongs more appropriately 
to the British Standard fine series, but it has for so long been associated wita 
the Whitworth series that it is now included herein, 
t To be dispensed with wherever possible. 
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SCREW THREADS 


CO 

Nuts 

Minor Diameter, 
in Inches 

Min. 

odd ddd ddd 6 6 6 dd^ mmm nd dd 

Tol. 

proo NON O'd'O fOO'e’OO MM 

OfOr-OOOvM fOfOlO 10(^0 N»Oi/3 

Omm mmN NNN NNN POrOfO't^lOlOiO'O'O 

000 000 000 000 000 000 00 00 

ddd ddd ddd 000 000 000 00 00 


s 

0 't 0 V »0 ^ Ov VOO fO 0 0 000 0^00 00 00 00 MM 
Nt^POO*<J-t-OOvfO'OON Nr-N'OO'O'O'O «^ 
0^0 »omo Mt^fO 0 ^0 r- 0 N rtO 00 PO ^ 0 \ 

MMN NPOfO^^'O »00 t^OOOM POtOf^ON 

ddd ddd ddd ddd ddd mmm dd dd 

'O 

to 

rt 

Effective Diameter, 
in Inches 

Min. 

0000 0000 sOmoO POOOt 0>nto POOSC^ OiO 00 

0 0 00 0 »0 M \0 00 0^0 to 0 POOO PO M 0\ 0 t- 

OOm t^poOv TfOO NOOO NPOlO OsNinoOPO'OM 
MMN NP0P0^»O»O'O'O00 CJtOM POO 00 q PO VOOO 

ddd ddd ddd ddd ddd ddd dd dd 


0 POO 00 0 N ^0 p- 00 0 PO »ooo 0 PO M ^0 0 « 

mnn NPOPO to to to PO'Pt^ to too 00 

000 000 000 000 000 000 00 00 

oqq oqq oqq ooq 000 ooq qq oq 

ddd ddd ddd ddd ddd ddd dd dd 

i 

0\M\O t^OO OP-tO mON lOrO'ii-OOOO P0»O ON 

0 PO 0 O»oo to 0 N 0 PO 0 00 ^00 poeop-potpo 

msON P-POOttOM»^POOO N POO 0 NO 0 Tt- t>- N 

MMN NPOPO*^«OiOOOOO OOM POO 00 0 PO «ooo 

ddd ddd ddd ddd dM'M* mmm Nci nci 


Major 

Diam¬ 

eter, 

in 

Inches 

Min. 

0.1250 

0.187s 

0.2500 

0.3125 

0.3750 

0.4375 

0.5000 

0.5625 

0.6250 

0,687s 

0.7500 

0.8750 

1.0000 
1.1250 

1.2500 

1.5000 

1. 7 5 00 

2.0000 

2.2500 

2.5000 

2.7500 
3.0000 

0 

Oi 

00 

r* 

Bolts 

Minor Diameter, 
in Inches 

Min. 

Q M 1/^ rJ-QO ttOPOO tJ-OvN OvpON ©PON Ot-MOt 

Ov 0 0 »O00 OtvOcOM POPOTj-ONt^'CNPOO'd oo> 
00 N 00 POOO pOOO'^O'Omn POP 0 »At- 00 O WvO P-M 
Omm NNPOPOtTtO too t^OOOO N^r..OH too 
odd ddd ddd ddd d d m' m* m* m m n n ei 


0 0 t/j Oi N p- N 'V'O p- M >0 M t>.oo 0 tc N a m a m 

tj-ioi/j tO'O'O P-P^t>. P -00 00 0 0 > Ov OmN N PO PO^ 

000 000 000 000 000 MMM MH MM 

oqq oqo qoo oqo 000 qoo 00 00 

ddd ddd ddd ddd ddd ddd dd dd 

Max. 

0 M 0 PO 0 M N P->0 mOOO OOO'POOTfoOOO 00 

PO •^vO M lO'O to toeo MNN ONP-'OPOtOOO»'^^ 

0 > POOO '!t 0 v'«t 0 v »00 P-NPO tt ■V'O 00 O' M N P- 00 PO 
qMM NPjp0P0'«t><7 tO'O p^oqqo N'tp- qtM po'O 

ddd ddd ddd ddd doM mmm mp* nn 

Effective Diameter, 
in Inches 

Min. 

mio^moO NtOM tOO'O top-o 0 NvO tOPO QOO 
P^oO to rhNOO POtOPO tONOi 1000 pooOOm popo ©O' 

0 to M p- POOO ■ttO'O Noeov MNtoooMifloopO'O© 
qoM PO'O 00 0 PO tooo 
ddd ddd ddd ddd dMM mmm nn nn 

ToL 

O' POO 00 0 N rj-vo 00 0 PO tooo O' PO P- M "t^O O N 

mnn NPOPOPOPOPOPO^^^rf-^iO io«o O'© P- 

000 000 OOP 000 000 00000 00 

qqq oqq qqq oqo oqq qqo 00 00 

ddd ddd ddd ddd ddd ddd dd dd 

>0 

to 

to 

Max. 

0000 O'Ooo'OMoo POOO' ototo poO'p' C'O' 00 

O' 0 00 v© to M t© 0 "b 0"0 to 0 tooo ro M p. O' O' p' p^ 

O'OM p-POOt^OO NOOO NP 0 «O O'NtOOOPO'OM 

MMN NPOPO'Ttoiotq'Ooo qqM po'O 00 0 po tooo 

ddd ddd ddd ddd dMM mm'm nn nn 

Major Diameter, 
in Inches 

Min. 

to N N PO tO'O P^ 0 PO P^OO '«*• O^POnOOON 'O't P'-tO 

M PO to P- O' M POO 00 ONP-NvOm OO'd'OOoO P-P- 

NOOrt OOpO OttOM 00 ttNO q M O' POOO POOO POOO 

MMN PO PO Y '9*7®® 'tP^qN'tP-O' 

ddd ddd ddd ddd dMM mm*m nn nn 

Tol. 

to POOO NtOO'POtOP'-OON© O'OP^'tt'NOO ^>0 PO to 
PO Tt ^ to to to 'C'O CCP-P-OO*0O OvOO HM NN 

000 000 000 000 000 Omm HM mm 

qqq qqq qqq qqq qqq qoq qo qq 

ddd ddd ddd ddd ddd ddd 66 66 

Max. 

©to© lootootoo too© 000 o©o 0© 00 
top-o Ntop-ONtop-otodtoo 000 0© 00 

NOOtO MP>.PO OCN OOtOP- ONIO ©too lOO to© 

MMN *7 PO T **? ’ 7'9 '9 * 7 ®® 9 * 7 ®! *7*70 

ddd ddo ddd ddd m'mm mmn cid npo 

c % 

No. of 
Threads 
per 
Inch 

to to to 

©Tfo OO'O^ NNM MOOteOt'>t«tOlO't 't't POPO 
^NNMMMMMMMM 

M 


XMOXO- 

inat 

Diam¬ 

eter, 

in 

[ 

1 

pfino-N HW.4« MpmM 

HHM mmn nn NPO 


* To be dispensed with wherever possible. 
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a 

Nuts 

Minor Diameter, 
in Inches 

d 

OHO fO 0 H n HOOO 0 0 0 'Occ 'tf «Q )00 0 0 

CO '(t'5 M CO w>op MMM 0«i>'OC0»0OO^‘«t 

Ov fOOO Ov ^ 0 Wj 0 P» fO ^ ’to 00 0 M C 4 00 (0 

Ohm NN( 0 < 0^>0 lOO I’l-OOO*© CJih coO 

odd ddd odd ddd ddn mmm m« dd 

00 

Tol. 

OfOO MU5rof*t’-« NOM 000 fOO-tOO hm 

OfOt-oOOvM rocotAu^t^Osciv>toOt-M 

Omm mmn c«cim rvc’iM cococorf^ioioiflOO 

000 oqo qqq qoq qqo qqq ooqq 

ddd ddd doo ddo ddd ddd dd 6 6 

i 

0^0 ^ to rf a ’too fo 0 0 0 0 0 ooo 00 00 00 M M 
N^-co O^'t■^-'OO^CO'OOS<N Nt-N >000 'O'O OOOO 
O’tO «/>M>0 Ht^co 0> ’t>0 r- 0 « ’t'O 00 CO 't p> 

MMct TT*? T"^ 

ddd ddd ddd ddd ddi-I mmm mn «ci 

0 

Vi 

Effective Diameter, 
in Inches 

c 

S 

0000 OOOO'Omoo COOOI 0 W Vi coot- 00 > OO 

0> 0 00 >0 »o M >0 0»0 O'O CO 0 rooo CO M t>. o> 0> t- r» 

OOh t^c0O> ^00 NOOO «COIO OMIOOOCOOh 

MM« c«coco^»o»oOOoo 0>0 m coo 00 0 CO wjoo 

ddd ddd ddd ddd d m'm' m* m‘ m* ci « ci « 

'lOi 

0> >0 0> M 1000 « coo oOO't-oOPtTt OOh( 00 ■Voo" 

C'ICOCO ■^rfv *o»oio »oOOOc-r-oooOOOO OO 

poo ood OOp OOP 000 000 Oh mm 

00 q qqo oqo ooq qqo oqo oq qq 

ddd ddd ddd ddd ddd ddd dd dd 

■v 

fO 

i 

0 > CO Oi H »00 oo^’t MOf^oOt^O CO »000 VI Qi ’too 

M rt M M o»p H’tci voPiOOOWMOO pO»r’’t’» 

MvONOocoOv noMr- coOiM N ’to 0 coo O't t’* « 

HMq qcoco ^loiovO'Coq qqn ’t'O oo q CO »ooq 

ddd ddd ddd ddd d m' m’ m’m' m‘ cJ ci ci « 

Major 

Diam¬ 

eter, 

in 

Inches 

Min. 

o»oo »oo»ooioo >000 000 000 00 po 
lot'O Niot^ owtot-oi^ow^o poo 00 00 

« 00«0 Mf-fO OOCC OOIOC’- 0C«»O 0»^0 lOO ViO 

M M C>l CO CO’t uj 100 0 t^oo OHM iOl^O MlOt^O 

ddd ddd ddd ddd mmm mmm com cico 

H 

0 

a 

00 

0 

Bolts 

Minor Diameter, 
in Inches 

Min. 

0. lOO “t-*#)© MOO cot^t^ MNO ’tfOOs C<flO Oho 

OOc- c«io \0 M’tr- 0 ' 0 > 0 i 0 t^c'» OOO 00 > ctM 

00 « COOO rOOO’tOs »OOm MM»0 mIOOh 

Omm C4MrO cO’t’t »00 00 q q M 'tO © h cOvO 

ddd ddd ddd ddd ddM* mmm mm cic« 

Tol. 

MO’tOiiOM OmOOOcOm 0>00 O NI 0 » 0 >C 0 hio 
O t^OO oo©© MMM MNC0f0’t»O'O t^OO 0 > O H H 
OOO OOm mmm mmm mmm MHM mM MM 

qqq oqo qqq qqq qqq 9 ^q 9 q 
ddd ddd ddd ddd ddd ddd dd dd 

US 

O M O coo M M t^O Moeo OOO'PoO’toOOO OQ 

CO ’to M loO CO Vito MMM ONf.>OC0>O0>0>^^ 

0> COOO ’tOv’t 0>»OO »’*MC0 “t- "to 00 0> H M QO CO 

©MM MMCO C0’t‘C> loO t^000>0 M^t- 0>M coo 

iddd ddd ddd ddd ddn m'm'm mm m’m 

Effective Diameter, 
in Inches 

Min. 

M CO M t>viO "Voo M u^omMcOM CO coo co O. >0 M 

Ol^^t MOr- MCOM cOOt^ COO M Vi COOO O 0 > O O 

O W 5 M COOO ’too MOOa MNlOOOM’tOOM ViO 

MMM Mcoco ’t»<o»o'q'qr'’ '?'® ®° ®, *7 ’?®'J 

ddd ddd ddd ddd dMM mmm cid dci 

. 

*0 

0> «0 O M lOOO M coo OOO’toOM’t OOm OO tOO 

MCOCO ’t’t’t «OV)l/> >/)0 OOt^t^OOOOQ p»0 oo 

OOO OOO OOO OQO OOO OOO OM MM 

qqq qqq qqq qqq qqq qqq qq qq 

ddd ddd ddd ddd ddd ddd dd dd 

s 

pooo OOOO'OhoO cOpdOinu'jcoOt'-QPkOO 

0> P 00 O »0 M >0 p>o O'O CO O COOO CO M C’. Q Q 

0>Qm r-coO> 'tO'O Moop MCO»o 0 >M»OOOCO'OM 

MMM qcoco^ioiO'O'OW, q>qM co'O oo q co »noo 
ddd ddd ddd ddd dnM mmm m’c* cici 

10 

ro j 

Major Diameter, 
in Inches 

Min. 

mo Oi OOO O'CO’t 1^00 CO t’*O 00 0>P>M ’to <5 0> 

o M CO moo o M ’t'O 00 o m O' ’too t'*'© >0 m m ’t co 

MOOxf OOco Ohoh t-’t'O 00 M CO 00 COOO COOO COOO 

MMM c^ CO y ’t m'O o t^oo qnM 

ddd ddd ddd. ddd omm mmm mm mm 

H 

miOM >OOw> MM'O OOMt^ COOM mmOO'QO fr-H 
’Tm'P 'pc't'OOoooooop'O'OMM Mcoco’tm m>o 

OOO OOO OOO OOO MMM MMM MM MM 

qqq qoo ooo ooo qqq qq® q® q® 

ddd ddd ddd ddd ddd ddd oo dd 

s 

omp momomo moo oop opo po od 

mc-o Mmr-OMmt-omomO oop op op 

Moom Mi^co O'OM oomt^ Omio omo mo mp 

MMM CO CO't m m'O "O c^oo ©mm mt^q Mmt^O 

ddd ddd ddd ddd mmm mmm mm mco 

« 1 

No. of 
Treads 

m mm 

O’tOoO'O’tMMM MOPoot’-t''Om’t’t’trOfO 
^NM MMM MMM HM 

- 

Nom¬ 

inal 

Diam¬ 

eter, 

in 

Inches 

* 

HcmH •#>» 

mmm hhM mm M «0 


♦ To be dispensed with wherever possible. 







Table 28.—^British Standard Whitworth Limits and Tolerances, Free Fit, Bolts and Nuts 


39 « 


SCREW THREADS 


00 

0 

Nuts 

Minor Diameter, 
in Inches 

(3 

s 

OmO rOOM «t»\O«HO00 OOO'OoO'^OOOO OO 

PO M viO PO »rtoO HNN 0\0\ 

f^OO OMOO t^NPO Tf Tj-O 00 M N t- 00 PP) 
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Table 28a.—B ritish Standard Fine Screw Threads—Basic 

Sizes 


I 

2 

3 

4 

s 

6 

.7 

8 

Nom¬ 

inal 

Diam¬ 

eter, 

in 

Inches 

Num¬ 
ber of 
Threads 
per 
Inch 

Pitch, 
in Inches 

Depth of 
Thread, 
in Inches 

Major 

Diam¬ 

eter, 

in Inches 

Effective 

Diam¬ 

eter, 

in Inches 

Minor 

Diam¬ 

eter, 

in Inches 

Cross 
Sectional 
Area at 
Bottom 
of 

Thread, 
in Square 
Inches 

A 

32 

0.031 25 

0.0200 

0.1875 

0.167s 

0.1475 

0.0171 

A 

28 

0.035 71 

0.0229 

0.2188 

0.1959 

0.1730 

0.023s 

i 

26 

0.038 46 

0.0246 

0.2500 

0.2254 

0.2008 

0.0317 

A 

26 

0.038 46 

0.0246 

0.2812 

0.2566 

0.2320 

0.0423 

A 

22 

0.04s 45 

0.0291 

0.3125 

0.2834 

0.2543 

0.0508 

I 

20 

0.050 00 

0.0320 

0.3750 

0.3430 

0.3110 

0.0760 

A 

18 

o.oss 56 

0.0356 

0.4375 

0.4019 

0.3663 

O.IOS4 

i 

16 

0.062 50 

0.0400 

0.5000 

0.4600 

0.4200 

0.1385 

A 

16 

0.062 50 

0.0400 

0.5625 

0.5225 

0.4825 

0.1828 

i 

14 

0.071 43 

0.0457 

0.6250 

0.5793 

0-5336 

0.2236 


14 

0.071 43 

0.0457 

0.6875 

0.6418 

0.5961 

0.2791 

i 

12 

0 083 33 

0.0534 

0.7500 

0.6966 

0.6432 

0.3249 

H 

12 

0.083 33 

0.0534 

0.8125 

0.7591 

0.7057 

O.391I 

i 

II 

0.090 91 

0.0582 

0.8750 

0.8168 

0.7586 

0.4520 

I 

10 

0.100 00 

0.0640 

I.0000 

0.9360 

0.8720 

0.5972 


9 

0. Ill II 

0.0711 

1.1250 

10539 

0.9828 

0.7586 

It 

? 

0. Ill II 

0.0711 

I.2500 

1.1789 

I.1078 

0.9639 

i| 

8 

0.125 00 

0.0800 

1*3750 

I.2950 

I.2150 

I.I 59 

it 

3 

0.125 00 

0.0800 

I.5000 

I.4200 

I.3400 

1.410 

i| 

^ 1 

0.125 00 

0.0800 

I.6250 

1*5450 

I.4650 

1.686 

i| 

7 

0.142 86 

0.0915 

1.7500 

1*6585 

1.5670 

1.928 

2 

7 ' 

0.142 86 

0.0915 

2.0000 

1.9085 

1.8170 

2.593 

2i 

6 

0.166 67 

0,1067 

2,2500 

2.1433 

2.0366 

3-258 

2j 

6 

0.166 67 

0.1067 

2.5000 

2.3933 

2.2866 

4.106 

2f 

6 

0.166 67 

0.1067 

2.7500 

2.6433 

2.5366 

5.054 

3 

5 

0.200 00 

0,1281 

3.0000 

2.8719 

2.7438 

5*913 

3 i 

5 

0.200 00 

0.1281 

3.2500 

3.1219 

2.9938 

7*039 

3 i 

4'5 

0.222 22 

0.1423 

3•5000 

3*3577 

3*2154 

8.120 

3 l 

4.5 

0.222 22 

0.1423 

3*7500 

3.607.7 

3*4654 

9*432 

4 

45 

0.222 22 

0.1423 

4.0000 

3*8577 

3.7154 

10.84 

Ai 

4 

0.250 00 

0.1601 

4.2500 

4.0899 

3.9298 

12.13 


Note.—I t is recommended that for larger diameters in this series four 
threads per inch be used. 






BxinsH Standard Fine Lucits and Tolerances, Close Fit, Bolts 



.4913 1 * 4.200 0.0052 1.4148 1.3400 0.0098 1.33021 1.5000 1.4252 0.0052 1.4200 1.3720 0.0320 1.3400 







































































































Table 28c.—B ritish Standard Fine Limits and Tolerances, Medium Fit, Bolts and Nuts 




































































































Table 28i.—B ritish Standard Fine Limits and Tolerances, Free Fit, Bolts and Nuts 
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SCREW THREADS 
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Table 2Se. —British Standard Pipe Threads (Parallel)— 
Basic Sizes 


British 
Stand¬ 
ard 
Pipe 
Size,in 
Inches 


Num¬ 
ber of 
Threads! 
^r 
Inch 


Pitch, 
in Inches 


Depth of 
Thread, 
in 

Inches 


1 

li 

li 

li 

2 

2i 

2i 

2} 


28 

19 

19 

14 

14 

14 

14 

II 

II 

II 

II 

II 

II 

II 


I0.O35 71 
0.052 63 
0.052 63 

0.071 43 
0.071 43 
0.071 43 

0.071 43 
0.090 91 
0.090 91 

0.090 91 
0.090 gi 
0.090 91 

0.090 91 
0.090 91 


Major 
Diam¬ 
eter. in 
Inches 


Effective 
Diam¬ 
eter, in 
Inches 


Minor 
Diam¬ 
eter, in 
Inches 


Cross 
Sectional 
Area at 
Bottom 
of 

Thread, 
|in Square 
Inches 


0.0229 

0.0337 

0.0337 

0.0457 

0.0457 

0.0457 

0.0457 

0.0582 

0.0582 

0.0582 

0.0582 

0.0582 

0.0582 

0.0582 

82! 
82 


0.3830 

0.5180 

0.6560 

0.8250 
0.9020 
I.0410 

1.1890 
1.3090 
I.6500 

1.8820 

2.1160 

2.3470 

2.5870 
2.9600 

3 .2IOO| 

3.4600 


o.3601 
0.4843 
0.6223 

0.7793 

0.8563 

0.9953 

I-1433 
1.2508 
1.5918 

1.8238 
2.0578 
2.2888 

2.52881 

2,90i8| 

31518 

3.4018 


0-3372 

0.4506 

0.5886 

0-7336 

0.8106 
o.9496 

1.0976 
I.1926 
I - 5336 

1.7656 
1.9996 
2.2306^ 

2.4706 
2.8436 

3.0936 

3-34361 


0.0893 

0.1595 

o.2721 

0.4227 

0.5161 

0.7082 

0.9462 
1.117 
1.847 

2.448 

3- 140 
3.908 

4- 794 

6.351 

7-517 

8.780 


3 


090 91 0.05^ 
090 91 0.05I 
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Table 28/.—Whitwokth Screw Threads of Special Diameters, 
Pitches, and Lengths of Engagement—Series of Pitches 


I 

2 

3 

4 

No. of Threads 


Standard Depth 

Double 

Pitch, 

of Thread, 

Standard Depth 

per Inch 

in Inches 

in Inches 

of Thread, 
in Inches ‘ 

40 

0.025 00 

0.0160 

0.0320 

36 

0.027 78 

0.0178 

0.0356 

32 

0.031 25 

0.0200 

0.0400 

28 

0.035 71 

0.0229 

0.0458 

26 

0.038 46 

0.0246 

0.0492 

24 

0.041 67 

0.0267 

0.0534 

20 

0.050 00 

0.0320 

0.0640 

18 

0.055 56 

0.0356 

0.0712 

16 

0.062 50 

0.0400 

0.0800 

14 

0.071 43 

0.0457 

0.0914 

12 

0.083 33 

0.0534 

0.1068 

10 

0.100 00 

0.0640 

0.1280 

8 

0.125 00 

0.0800 

0.1600 

6 

0,166 67 

0.1067 

0.2134 

4 

0.250 00 

0.1601 

0.3202 


Note.—-B asic effective diameter «= basic major diameter — standard 
depth of thread (Col. 3 ). 

Basic minor diameter - basic major diameter — twice standard depth 
of thread (Col, 4 ). ^ 
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Table 28^.—Whitworth Screw Threads of Special Diameters, 
Pitches, and Lengths op Engagement 
Tolerances for Major Diameter of Bolts, Minor Diameter of Bolts, 
and Minor Diameter of Nuts 
(Unit of Tolerance = 0.001 In.) 


I 

3 1 

1 3 1 

4 1 

5 

No. of 
Threads 
per Inch 

Bolts 

Nuts 

Tolerance on 
Major Diam¬ 
eter—Addition 
to Be Made to 
Effective Diam¬ 
eter Tolerance 
All Pits 

Tolerance on Minor Diameter— 
Addition to Be Made to 
Effective Diameter Tolerance 

Tolerance 
on Minor 
Diameter 

Close Fit 

Medium and 
Free Fits 

AUFits 

40 

1.6 

2.1 

3-2 

9.0 

36 


2.2 

3-3 

9.6 

32 

1.8 

2.3 

3-5 

10.2 

28 

1.9 

2.5 

3-8 

II. I 

26 

2.0 

2.5 

3-9 

II.7 

24 

2.0 

2.7 

4.1 

133 

20 

2.2 

2.9 

45 

17.0 

18 

2.4 

31 

4.7 

18.1 

16 

2.5 

3-2 

SO 

19 s 

14 

2.7 

35 

5.3 

21.3 

12 

2.9 

3-8 

5-8 

237 

10 

32 

4.1 

6.3 1 

27.0 

8 

35 

4.6 i 

7.1 

32.0 

6 

4.1 

5-3 

8.2 

40.3 

4 

50 

6.5 

10.0 

570 


Table 28A.—Bolt Threads with Flat Crests (Truncated 
Threads) 



Maximum 
Permissible 
Deviation of 
Flat-crest 
Diameter be¬ 
low Basic 
Major 
Diameter 
of Thread, 
in Inches 
Close and 
Medium Pits 

No. of 
Threads 
per Inch 

Maximum 
Permissible 
Deviation of 
^at-crest 
Diameter be¬ 
low Basic 
Major 
Diameter 
of Thread, 
in Inches 
Close and 
Medium Pits 

No. of 
Threads 
per Inch 

Maximum 
Permissible 
Deviation of 
Plat-crest 
Diameter be¬ 
low Basic ' 
Major 
Diameter 
of Thread, 
in Inches 
Close and 
Medium Fits 

28 

0.008 

18 

O.OII • 


0.019 

26 

0.009 

16 

0.013 

.9 

0.021 

24 

0.009 

14 

0.014 

8 

0.023 

22 

0.010 

12 

0.016 

7 

0.025 

20 

0.010 

II 

0.018 

6 

0.029 
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SCREW THREADS 


BRITISH ASSOCUTION SCREW THREADS (BJL) 

British Association threads differ in every way from the British 
Standard or Whitworth thread, except that they are rounded at 
top and bottom. The angle is 47i degrees, and metric measure¬ 
ments are used, the standard sizes in millimeters being rounded off 
in each case to the second significant figure after calculation from the 
formulas below: 

Pitch in millimeters = (0.9)" when n is number designating the 
screw. 

Diameters — 6 X pitch. 

Roots and crests are rounded with equal radii such that the 
double depth of thread = f pitch. 

These are for screws smaller than J inch, similar to the American 
numbered series. The numbers, however, are opposite, No. o 
being the largest (see Table 29). 


ROLLED THREADS 

The rolled-thread process dates back more than 50 years and was 
first patented in England. It was first used on comparatively rough 
work, such as track bolts, but has come to be used on such fine work 
as the sizing of taps and screws for micrometers. 

The thread is forced up into the dies so that the finished screw is 
larger than the original wire by about the depth of one thread. In 
this way the size of the wire to use for any screw may be found by 
subtracting the depth of one thread from the outside diameter of 
the screw. Exact allowance depends on material being rolled and 
other conditions. 

The dies are usually flat plates of steel, having grooves of the same 
pitch and shape as the thread to be rolled. The dies can be easily 
laid out as follows: 

Draw a horizontal line equal in length to the circumference of the 
wire or blank, and at its end draw a vertical line equal to the lead of 
the screw. The diagonal line made by joining these two points 
shows the angle of incline of the grooves. This can be done more 
easily if both the circumference and the pitch are laid out to ten 
times their actual dimensions. 

The diameters of the blanks are the pitch diameter of the finished 
thread and can be found in the thread tables. 

The leading thread forms now in use are: 




American (National) Standard 

p = pitch. 

d =» depth = ^ X 0.649s. 

/ - flat - |. 

This thread was devised by William Sellers, 
and recommended by the Franklin Institute. Later called U. S. 



Standard and now American Standard. 


Table 29.—British Association Screw Threads— 471 -Degree Angle 


BRITISH ASSOCIATION THREADS 
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IS i 0.21 ! 121.0 I o.oiol 8.0 I 0.9001 o.03ol 0.8701 0.775' 0 035 * 0.7401 0 6501 0.075* 0 - 575 * 7 5 » 3-5 

Note A.—Columns 4 and 5 give the errors in pitch per length of thread engaged and angle respectively, which can each be 
compen^ted by half the tolerance on effective diameter given in column 10. The errors in pitch and angle shown in the table 
may exist together, provided the effective diameter is reduced by the full tolerance shown in column ro. The permissible error 
in pitch may be increased up to double the value shown, provided the error in angle is correspondingly reduced and vice versa. 
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Limits and Tolerances for Nuts in Approximate Inch Equivalents 
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SCREW THREADS 



Unlocked Locked 


Dardelet Self-locking Thread 


Table 29.—Thread Data 


Dardelet Thread 

Identification 

Tap Drill 

Area of ' 

Minimum 

Basic Area 
of Mini¬ 
mum Sec- 

Sizes 

Threads 

per 

Inch 


of Bolt 

Diameter 

tion 

Dardelet 

Thread 

i 

16 

No. S 0.20s 

0.0491 

0.2125 

0.0355 

A 

14 

G 0.261 

0.0767 

0.2697 

0.0S7I 

1 

12 

0 0.316 

o.iios 

0.3250 

0.0830 

A 

II 

V 0.377 

0.IS03 

0.3829 

0.1152 

( 

10 

H 0.422 

0.1964 

0.4400 

0.1520 

A 

9 

li 0.484 

0.248s 

0.4959 

0.1931 

f 

8 

H 0.531 

0.3068 

0.5500 

0.2376 

} 

8 

H 0.656 

0.4418 

0.6750 

0.3578 

i 

7 

|| 0.781 

0.6013 

0.7893 

0.4893 

I 

6 

H 0.891 

0.7854 

0.9000 

0.6362 


S 

0.984 

0.9940 

1.0050 

0.7933 


S 

If I.125 

1.2272 

I.1300 

1.0029 

li 1 

4 

iH 1.344 

1.7671 

^ 1.3500 

1.4314 


The Dardelet thread resembles the Acme thread but the thread depth is 
less and both the root of the thread on the bolt and the crest of the thread 
in the nut are tapered about 6 degrees; considerable end play is provided to 
penoit the tapered surfaces to lock, as shown. 

WATCH SCREW THREADS 

Watch screw threads are of sharp V form and, generally, 45- 
degree angle for screws used in nickel and brass but are 60 degrees 
for use in steel. The Waltham Watch Company and others use the 
centimeter as the unit for all measurements with the exception of the 
pitch, which is based on the inch; the Waltham threads being no, 
120, 140, 160, 170, 180, 200, 220, 240, 254 per inch and the diam¬ 
eters ranging from 0.120 to 0.035 centimeter. (See pages 44-46.) 
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British Association Standard 
p = pitch. 

d == depth — p X 0.6. 

2Xp 

r ~ radius *- - 

II 

This thread has been adopted in England 
for small screws used by opticians and in telegraph work, upon 
recommendations made by the committee of the British Association. 
It was derived from the Swiss thread of Prof. Thury. The diameter 
and pitches in this system are in millimeters. 



Buttress 

p - pitch - threads per inch 
d = depth = i p. 

The buttress thread takes a bearing only 
on the straight side and is very strong in 
that direction. The ratchet thread is of 
practically the same form but sharper. 

International (Metric) Standard 
p = pitch. 

d = depth — p X 0,6495, 

/ = flat = |. 

The International thread is of the same form as the American. 
This system was recommended by a Congress held at Zurich in 
1898, and is much the same as the metric system of threads generally 
used in France. The sizes and pitches in the system are in milli¬ 
meters. Used on spark plugs in this country. 



Square 

p = pitch = 


no. threads per inch 
d = depth — \ p. 
f = width of flat — ip. 
s = width of space — ip. 

While theoretically depth, width of space and thread arc each 
one-half the pitch, in practice the groove is cut slightly wider and 
deeper. 



Loewenherz-German 

Used on the Continent for watch and in¬ 
strument. Used in the United States on 
magnetos. It is being replaced by 60- 
degree metric thread. 

Pitch in millimeters 



Z> * i r. 

F = flat « 0.0049 X pitch in millimeters. 



Properties op Watch Screw 








Properties of Watch Screw Threads— Continued 


WATCH SCREW 
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SCREW THREADS 


—>j V, 6o-Degree Sharp 

^ ~~ pitch — threads per inch 
^ — depth == ^ X 0.8660. 

While the sharp V form gives a deeper 
^ /' thread than the U. S. Standard, the ob¬ 
jections urged against the thread are that the sharp top is injured by 
the slightest accident, and, in the case of taps and dies, the fine edge 
is quickly lost, causing constant variation in fitting. 

, , Whitworth Standard 


^ no. threads per inch 

d — depth — p y. 0.64033. 
r = ra^us - p X 0.1373. 

The Whitworth thread is the standard in 
use in England. It was devised by Sir 
Joseph Whitworth in 1841, the system then proposed by him being 
slightly modified in 1857 and 1861. 

ACME THREADS 

The Acme 29-degree thread has largely replaced the square 
thread. Finer pitches are being used to conserve strength, decrease 

A//owcrr7ce o/t 


t-c2^ 'Allowance 

Fig. 3. —American National Acme Thread 

the tapping difficulties, and increase the bearing area in the nut. 
The Greenfield Tap & Die Corp. shows this clearly in Fig. 3 with 
the sections of botn 2J- and 5-pitch threads. 


Definitions of Thread Parts 

Angle of Thread. —The angle between the sides of the thread 
m^ured in an axial plane shall be 29 degrees. The line bisecting 
this 29-degree angle snail be perpendicular to the axis of the screw 
thread. 

Depth of Thread. —The basic depth of the thread shall be equal 
to one-half of ^he pitch. , 




MODIFIED ACME THREAD 
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Thickness of Thread.— The basic thickness of the thread at a 
diameter smaller by one-half the pitch than the basic major diam¬ 
eter shall be equal to one-half of the pitch. 

Clearance at Minor Diameter. —A clearance shall be provided at 
the minor diameter by making the minor diameter of the screw 
o.oio inch smaller than basic for lo or less threads per inch and 
0,005 iiich smaller than basic for more than 10 threads per inch. 


MODIFIED ACME THREAD 
FdR Screws:- * 


d=(0.375A(P)+ 0 . 010 ' 

+-0.40302 xp 

(0.40302 KP)-0.00S2 


For Taps:- 
d«{0.375xp)+0.020’’ „ 
f»(0.40302xP)-0.0052' 
c? (0.40302 xp)-0.0052" 

p* , ^_ 

No.Thds. per Inch 


h-p —1 

in- I 


mrv 


0 


MODIFIED SQUARE THREAD 
(Form QfHl Oepf h) 

Fop Screws:- „ 

d»(O375xP)+0.OI0' U-- P —^ 

f«0.4507xP „ 

C'(0.4507xP)-0.0026 "i r" 

ForTaps:- 
d«(0v375xp)+0.020" 
f«(0.4507xp)-0.0026 
C*(0.4507xP)-00026 

P- > J c 

No.Thds. per Inch 

MODIFIED SQUARE THREAD 
( Form) 

For Screws:- 

d »(0.500 X P) + 0.010" _ p -. j 

f-0.4342xp J 1 

c«(0.4342xp)-0.0026" V | 

For Taps:- 

d«(0.500xp)+0.020". 
f«(0.4J42xP)-0.0026" 
c-(0.4342xP)-0.0026" 

p,_1_ 

No.Thds. per Inch 

Fig. 4. —Modified Threads for Heavy Threading with Taps an<j[ 
Dies Suggested by Landis Machine Company, Inc. 

Clearance at Major Diameter.—A clearance shall be provided at 
the major diameter for all classes by making the major diameter 
of the nut or threaded hole at least 0.020 inch larger than basic. 

Fillets at Minor Diameter.—Fillets at the juncture of sides and 
root of the thread of the screw will develop on account of the round¬ 
ing of the corners of the threading tool and the side cutting action 
of milling cutters when these threads are milled. It will be neces¬ 
sary, therefore, on tapped holes for all classes of fits, to provide a 





Table 30,—American National Acme General Purpose Thread Series 
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SCREW THREADS 



Helix 
Angle 
at Basic 
Pitch 
Diameter, 
s 
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fillet or bevel at the minor diameter of the tap to remove the comer 
of the crest of the thread of the tapped hole. This fillet, or bevel, 
should be at least o.oio inch for pitches of 3 threads per inch and 
finer, and at least 0.020 inch for pitches coarser than 3 threads per 
inch. 

The basic form of this thread is shown in Fig. 3. Modified forms 
of Acme threads used are shown in Fig. 4. 


Table 31.—Recomb^ended Pitches, Corresponding Range 
OF Major Diameters, and Basic Thread Data, American 
National Acme Threads 


Number of 
Threads per 
Inch, n 

Recommended Range 
of Major Diameters, » 
in Inches 

Least Greatest 

i 

Pitch, p 
in Inches 

Basic 
Depth 
of Thread, 
h - o.sp 
m Inches 

Basic 
Width 
of Flat, 

F = 

0.37069P 
in Inches 

X 

2 

3 

4 

5 

6 

1 

4.5000 

13.5000 

I.00000 

0.5000 

0.3707 


3•5000 

10.5000 

0.75000 

0.3750 

0.2780 

I* 

3.0000 

9,0000 

0.66667 

0.3333 

0.2471 

2 

2.2500 

6,7500 

0.50000 

0.2500 

0 .i 8 s 3 


I.7500 

5.2500 

0.40000 

0.2000 

0.1483 

3 

I.5000 

4.5000 

0.33333 

0.1667 

0.1236 

4 

I.1250 

3 .3750 

0.25000 

0.1250 

0.0927 

5 

0.8750 

2 .6250 

0.20000 

O.IOOO 

0.0741 

6 

0.7500 

2.2500 

0.16667 

0.0833 

0.0618 

8 

0.5625 

1.687s 

0.12500 

0.0625 

0.0463 

10 

0.437s 

1.312s 

0.10000 

0.0500 

0.0371 

12 

0.3750 

1.1250 

0.08333 

0.0417 

0.0309 

14 

0.312s 

0.9375 

0.07143 

0.0357 

0.026s 

16 

0.2500 

0.7500 

0.06250 

0.0312 

0.0232 


1 These recommended least diameters correspond to a maximum helix 
angle (at the minor diameter) of approximately s®. The recommended 
greatest diameter are 3 times the least. 


The following general specifications apply to all standard Acme screw 
threads: 

1. Basic Diameters .—The maximum major and pitch diameters of the 
screw, and the minimum minor diameter of the nut are basic. 

2. Tolerances. — a. The tolerances specified represent the extreme varia¬ 
tions allowed on the product. 

b. The tolerances on diameters of the nuts or threaded holes are plus, and 
are applied from the minimum nut sizes to above the minimum nut sizes. 

c. The tolerances on diameters of the screws are minus, and are applied 
from the maximum screw sizes to below the maximum screw sizes. 



Tabi£ 33 -—^American National Acme General Purpose Thread Series, Limiting Dimensions and Tolerances 
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Nut Sizes, in Inches 
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WORM AND BUTTRESS THREADS 

Worm threads also have a 29-degree angle but are 0.1766 inch 
deeper than the Acme on a i-inch pitch. The proportions are 


N = No. of Threads per Inch 
P~ Vn^ Linear Pitch 
D=0.68S6P 0.31838 

F= 0.335P r/fO 

W = 0.3tP 0.586P 

r^O.SP B=0.69P 



Pitch = 


Depth of Thread = 


I 

No. of Threads per inch 

_ .6866 _ 

No. of Threads per inch 


Fig. 5.—Proportions of Brown and Sharpe worm thread 



Fig. 6. —Proportions of Buttress Threads 


shown in Fig. 5. The worm thread is based on the linear pitch 
of the worm, the proportions being figured as fqr a rack tooth with 
varying clearances at the bottom. Brown and Sharpe worm thread 
has a uniform clearance of 0.005 for all pitches. 
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MEASUREMENT OF THREAD TOOLS 

The table of angle measurements that follows should prove of 
convenience to all who make tools for cutting angles or make the 
gages for these tools. 

The principle here adopted is that, on account of the difficulty, 
and in some cases the impossibility, of measuring the tool at its 
point, the measurement is taken on the angle of the tool at a ^ven 
distance from the point. In this case the true measurement will be 
less than the actual measurement by an amount equal to twice the 



Fig. 7. —Measuring Thread Tools with Vernier Caliper 


tangent of half of the angle, multiplied by the distance of the line of 
measurement from the point. 

For making the measurement the Brown and Sharpe gear-tooth 
caliper may be used. Figure 7 shows this tool in position for 
measuring. The depth vernier A is set to a given depth A, and the 
measurement is taken by means of the vernier B. The width of 
the tool point x is equal to the measurement on the line a h less 

2k ^tan To use the table, h is always taken to be ^ inch, 

which is found to be a convenient depth for most work. If a greater 
depth is required, all that is necessary is to multiply the figures 
pven by the ratio of the required depth to ^ inch. For instance, 
if the depth is required to be f inch, the figures given are multiplied 
by 3. In the great maiority of cases, t*jr will be found a suitable 
value for A, when to find the width of the point x it is merely neces- 

tan- 

2 

sary to deduct the value of —— for the angle required, which can 
be obtained at a^f^lance froid the table, 
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In the case of the American or United States standard thread, the 
point of the tool should be one-eighth of the pitch of the screw, while 
in the Whitworth standard, as shown, the point of the tool would be 
one-sixth of the pitch if it were not rounded. By using these figures 
in combination with the table, it can be determined when sufficient 
has been ground from the point of the tool. 

The table is called ‘‘Table for Angle Measurements,’^ because if 
a sharp angle, that is, one without the point ground away, is meas¬ 
ured as above, this measurement, by reference to the table, will give 
the angle direct. 


Table 33.—Thread Tool Angle Measurements 


Degrees 

WBM 

H 

H9 

m 

■a 

s 

8 

8 

I 

0.0011 

31 

0.0346 

61 

0.0736 

a 

0.0022 

32 

0.0358 

62 

0.0751 

3 

0.0033 

33 

0.0370 

63 

0.0766 

4 

0.0044 

34 

0.0382 

64 

0.0781 

S 

0.0055 

35 

0.0394 

6s 

0.0796 

6 

0.0066 

36 

0.0406 

66 

0.0811 

7 

0.0077 

37 

0.0418 

67 

0.0827 

8 

0.0088 

38 

0.0430 

68 

0.0843 

9 

0.0099 

39 

0.0442 

69 

0.0859 

10 

O.OIIO 

40 

0.0454 

70 

0.0875 

II 

O.OI 2 I 

41 

0.0466 

71 

0.0891 

12 i 

0,0132 

42 

0.0489 

72 

0.0908 

13 

0.0143 

43 

0.0492 

73 

0.0925 

14 

0.0154 

44 

0.0505 

74 

0.0942 

IS 

0.0165 

45 

0.0518 

75 

O. 09 S 9 

16 

0.0176 

46 

0.0531 

76 

0.0976 

17 

0.0187 

47 

0.0544 

77 

0.0994 

18 

0.0198 

48 

0.0557 

78 

O.IOI 2 

19 

0.0209 

49 

0.0570 

79 

0.1030 

20 

0.0220 

50 

0.0583 

80 

0.1048 

21 

0.0231 

SI 

0.0596 

81 

0.1067 

22 

0.0242 

S2 

0.0609 

82 

0.1086 

23 

0.0253 

S 3 

0.0623 

83 

0.1105 

24 

0.0264 

54 

0.0637 

84 

0.1125 

2$ 

0.0275 

55 

0.0651 

85 

O.IT4S 

26 

0.0286 

56 

0.0665 

86 

0.1165 

27 

0.0298 

57 

0.0679 

87 

0.1186 

28 

0.0310 

58 

0.0693 

88 

0.1207 

29 

0.0322 

59 

0.0707 

89 

0.1228 

30 

j 0-0334 

60 

0.0721 

90 

0.1250 


GRINDING THE FLAT ON THREAD TOOLS 
To facilitate grinding the correct width of flat for the singde-point 
inserted tool to cut American standard form of threads, the table 
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Table 34. —Elements of Grinding Flat End of Tool for 
A icERiCAN Form of Thread, Giving Depth and 
Flat 
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on page 54 shows flats for commonly used threads. The distance 
from the point of the tool to the back is first measured with the 
micrometer, then the point of the tool may be ground off until 
the micrometer measurement from the back is equal to the whole 
depth minus dimension A, when we may be sure, without under¬ 
taking the difficult job of measuring it directly, that the flat B has 
the proper width. The dimensions A and B for pitches from i to 
32 threads per inch are included in the table. 

SCREW-THREAD MEASUREMENT 

Screw threads are no longer measured by their outside diameter, 
but by the pitch diameter, using either 
points that bear only on the thread angle, 
wires laid in the threads and measured 
across the outside, or optical methods 
that compare a magnified image of the 
thread with a standard pattern. The 
first two methods are more common than 
the last, although the optical method is 
being more widely used. 

Screw-Thread Micrometer Caliper 

The thread micrometer is fitted with pointed spindle and V 
anvil, as in Fig. 8, to measure the actual thread on the cut surface. 
Enough of the point is removed and the bottom of the V is carried 
low enough so that the anvil and spindle clear the top and bottom 
of the thread and rest directly on the sides of the thread. 

As it measures one-half of* the depth of the thread from the top, 
on each side, the diameter of the thread, as indicated by the caliper, 
is the pitch diameter, or the full size of the piece less the depth of 
one thread. See tables on pages 6r and 62. 

This depth may be found as follows: 

Depth of V threads = 0.866 -r- number of threads to 
I inch. 

Depth of American threads = 0.6495 -r number of threads to 
I inch. 

Depth of Whitworth threads *= 0.64 -f- number of threads to 

I inch. 

As the American thread is flattened one-eighth of its own depth on 
top, it follows that the minor diameter of the thread is increased one- 
eighth on each side, equaling one-fourth of the whole depth and, 
instead of the constant 0.866, we use the constant 0.6495, which is 
three-fourths of 0.866. 

When the point and anvil are in contact, the o represents a line 
drawn through the plane AB, Fig. 8, and if the caliper is opened, 
say to 0.500, it represents the distance of the two planes 0.500 inch 
apart. The pitch diameters of standard threads are given on 
pages 8-9. British tables call this “effective diameter.” 

Measuring Threads by the Three-Wire Method 

The three-wire method of measuring the pitch diameter of screws 
is recommended by the Bureau of Standards as the best means of 


micrometers with special 

W _ 

Fig. 8. —Spindle and 
Anvil of Thread Microm- 
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securing uniformity. By placing the three wires, of correct diam¬ 
eter, in the threads, as shown in Fig. 9, and measuring over them, 
the pitch diameter can be found direcUy by subtracting the wire 
constant from the measured diameter. This simplified procedure 
results only when the “best wire” for the pitch of the screw is used. 
The best wire is the size of wire which touches the thread at the 
middle of the sloping sides. Inasmuch as 
the pilch diameter is defined as the diameter 
of the screw where the land and space are 
equal (this occurs at the middle of the sloping 
sides), the “best wire” touches the thread at 
the pitch diameter. Also, measurements of 
pitch diameter with “best” wires are true 
measurements, although slight variations 
are present in the angle of thread. 

The wires used should be hardened and 
lapped steel wires and should be three times 
as accurate as the accuracy of the measure¬ 
ments desired. Bureau of Standards speci¬ 
fications call for an accuracy of 0.00002 inch. 
The formula for the best wire is: 

^ sec a 

The general formula for computing the measured pitch diameter 
of a screw is: 

£ = If + ~4r “ + cosec a) 

2IS 

where M == measurement over wires. 

E (or PD) ~ pitch diameter. 

G = diameter of “best” wire. 

A = number of threads per inch. 
a — one-half of the included angle of thread. 

For a 60-degree thread, which includes American coarse and 
National fine threads and also 60-degree metric threads, this formula 
reduces as follows: 



Fig. 9.—Using 3 
Wires 


£ = JW + - C(i + 2.00000). 

And this reduces further to 

£ = M -3C. 

Now it so happens for a 60-degree thread that the depth of a sharp 
V thread is ~ and that 3G or three times the diameter of the 

‘^best*' wire i^just twice —so the formula is further simplified 
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to: 

E « if — depth of V thread. 

M ^ E 4 - depth of V thread. 

To check pitch diameter E from outside measurement over the 
wires, transpose the formula to: 

njr 1? t r- 0.86602 

ilf = E 4 - 3G- 

The first column on page 64 shows the number of threads per 
inch, the second the diameter of the best wire G to use for the 
different pitches, then the wire constant or depth of a V thread E, 
next, depth of American thread A, and the smallest and largest wires 
that can be used. The formula for each is given at the top of the 
column. 

Formula for other thread angles and a clamp for holding work and 
wires on pages 60, 65, and 75. 

Measuring the Thread Angle 

There is sometimes confusion in measuring National and V 
threads with the same wires. The V thread, being deeper than the 
National form, has a smaller pitch diameter for the same out¬ 
side diameter. A i-inch 13-pitch National, for example, has a 
pitch diameter of 0.45004 inch, whereas a V thread of the same 
outside diameter has a pitch diameter of 0.43338 inch. 

The angle of thread can be checked by using wires of two sizes 
and measuring over each, then calculated by the following formula. 
Using the maximum wire Gi and the minimum wire G2 and calling 
the maximum measurement M 1 and the minimum measurement M 2, 

the formula is ^When this equals 3.0000, the angle is 

tri — Cr2 

60 degrees. For other angles the following results will be obtained: 

The following is an example of measuring a J-inch 13-pitch 
American coarse thread: 


Major diameter. o. 5000 inch 

Number threads per inch. 13 

Best wire size. 0.04441 inch 

Measurement over wires. 0.5169 inch 

Wire constant. 0.06662 inch 

Gi maximum wire size. 0.06415 inch 

G2 minimum wire size. o. 04124 inch 

Ml measurement over maximum wires. o. 5811 inch 

M2 measurement over minimum wires. 0.5122 inch 


The measured pitch diameter is 0.5169 — 0.06662 = 0.45028 
inch. 

The nominal or basic pitch diameter should specified on the 
shop drawing, but if not, it is found by subtractinjg the depth of 
thread k from the major diameter. Thus the basic pitch diameter is 
0.5000 — 0.04996 « 0.4^004 inch. The thread measured is, there¬ 
fore, 0.00024 inch oversize. 
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If we substitute the measurements obtained with the maximum 
and minimum wires in the formula for angle, the result is: 

0.5811 — 0.5122 0.0680 

— 5 —_ =- 't, = 3.0074. 

0.06415 — 0.04124 0.02291 

From the table of results of angle computations it is found that 
3.0101 corresponds to an angle of 59 degrees 40 minutes and the 
result 3.0050 to 59 degrees 50 minutes. The result obtained in 
the ?-inch 13-pitch example is about halfway between 3.0101 and 
3.0050, and the angle of thread is therefore 59 degrees 45 minutes. 

Best Size Wires 

Wires which touch the thread at the pitch diameter are known as 
*‘best size” wires. Such wires are used because the measurements 
of pitch diameter are least affected by errors that may be present in 
the angle of the thread. The diameter of the measuring wires is 
represented by the letter G. 

The general formula for best size wires is: 

„ secant a 

G — - 

2 n 

For 60-degree threads this reduces to 

G = or 0.57735/1 

For 55-degree threads best size wires 

Q == or 0.563692^ 

ft 

For 53-degrce 8-minute threads best size wires 
G = o.55902/» 

For 50-degree threads best size wires 

G = Hi 5 Si 7 
n 

For 47i-degree threads best size wires 
G = 0.54625^ 

For 40-degree threads best size wires 

Q = or o.532i/> 

n 

For 29-degree threads best size wires 

^ or 0.51645/1 

ft 

For 60-degree threads the depth of a sharp V thread will equal 
3 X (best wire diameter) except in some cases in the fifth decimal 
place, where computations may not be exact. 
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MEASURING WIRE SPECIFICATIONS 
Important Specifications 

2- to 2o-pitch wires are standard at 2J pounds pressure over a 
0.750 diameter cylinder. 

22- to 120-pitch wires are standard at i pound pressure over a 
0.750 diameter cylinder. 

Complete Specifications 

The following is abstracted from the 1942 revision of ‘‘Screw 
Thread Standards for Federal Services: 

Standard Specification for Wires and Standard Practice 
IN Measurement of Wires 

The following specifications represent present practice relative to thread 
measuring wires: 

I. Composition. —The wires shall be accurately finished hardened steel 
cylinders of the maximum possible hardness without being brittle. The 
hardness shall not be less than that corresponding to a Knoop indentation 
number of 630. A wire of this hardness can be cut with a file only with 
difficulty. The surface shall not be rougher than the equivalent of one 
measuring 3 micro-inches root mean square deviation from a true cylindrical 
surface, as measured with the profilometer. 

a. Construction. —The working surface shall be at least i inch in length. 
The wire may be provided with a suitable means of suspension. 

3. Container and Marking. —A suitable container shall be provided for 
each set of wires, and the pitch for which the wires are the best size and 
the diameter of the working part of the wires, as determined by measure¬ 
ments under standard conditions as specified below, shall be marked on the 
container. 

4. Diameter of Wires. —One set of wires shall consist of three wires which 
shall have the same diameter within 0.00002 inch, and this common diameter 
shall be within 0.0001 inch of that corresponding to the best size for the pitch 
for which the wire is to be used. Wires shall be measured between a flat 
contact and a 0.750 inch hardened and accurately ground and lapped steel 
cylinder with contact pressure as follows: Wires for 60-degree threads in 
pitches finer than twenty threads per inch, 16 ounces; wires for pitches of 
twenty threads per inch and coarser, 2J pounds, wires for 29-degree threads, 
2i pounds. 

It is recommended that wires, which are used for the measurement of 
gears, splines, dovetails and other surfaces where the contact of the wire is a 
line contact, be measured between flat parallel measuring contacts under a 
i-pound load. 

5. Variations in Diameter. —Variations in diameter around the wire (round¬ 
ness) shall not exceed 0.00002 inch, as determined by measuring between a 
flat measuring contact and a hardened and well finished 60-degree V groove 
cut on a cylinder. Variations in diameter along the wire (taper), over the 
i-inch interval at the center of its length, shall not exceed 0.00002 inch, as 
determined by measuring between a fiat contact and a cylindrical contact. 


Methods of Measuring and Using Wires 

In order to measure the pitch diameter of a screw-thread gage to an 
accuracy of 0.0001 inch by means of wires, it is necessary to know the wire 
diameters to 0.00002 inch. The micrometer to be used for measuring wires 
should be one which is graduated to ten-thousands of an inch and upon which 
hundred-thousandths of an inch can be estimated. Such micrometers are 
available in various forms of precision bench micrometers, and measuring 
machines. Care should be taken to make sure that the measuring faces 01 
the micrometer are flat and parallel to within 0.00002 inch. ^ The taper of 
wires can best be determined by measuring between a flat micrometer con¬ 
tact and a cylindrical anvil. Any pits or worn spots on the wires can be 
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detected with the same arrangement. Variations in roundness and straight¬ 
ness are usually determined by rotating the wire between flat contacts one- 
fourth inch in diameter. However, one form of variation in roundness can 
only be detected by rotating the wire in a V groove gainst a flat micrometer 
contact. The V groove may be the thread space in a hardened and well- 
finished thread plug gage. 

The contact pressure used in making measurements is also an impor^nt 
factor, since the wires, when in use, rest on the sides of the thread, and a given 
pressure exerted on the top of the thread has a magnified effect in distorting 
the wire and causing the measurement of the pitch diameter to be slightly less 
than it should be. In making measurements over the wires inserted in the 
thread groove, it has been common shop practice to hold the wires down into 
the thread by means of elastic bands. This has a tendency to prevent the 
wires from adjusting themselves to the proper position in the thread grooves; 
thus a false measurement is obtained. In some cases it has also been the 
practice to support the screw being measured on two wires, which are in turn 
supported on a horizontal surface, and measuring from this surface to the top 
of a wire placed in a thread over the gage. If the screw is of large diameter, 
its weight causes a distortion of the wires and an inaccurate reading is 
obtained. For these reasons these practices should be avoided and sub¬ 
sidiary apparatus for supporting the wires and micrometer should be used. 

For consistent results a standard practice as to contact pressure in making 
wire measurements of hardened screw thread gages is necessary. The com¬ 
puted value for the pitch diameter of a screw thread gage obtained from 
readings over wires will depend upon the accuracy of the measuring instru¬ 
ment used, the contact pressure, and the value of the diameter of the wires 
used in the computations. The use of different contact pressures will cause 
a difference in the readings over the wires, and such errors can only be com¬ 
pensated by the use of a value for the diameter of the wires depending on the 
contact pressure used. The effect of variation in contact pressure in measur¬ 
ing threads of fine pitches is indicated by the difference in readings obtained 
with 2 and ^ pounds pressure on a 24-pitch thread plug gage. The readings 
over the wires with 5 pounds pressure was 0.00013 inch less than with 2 
pounds pressure. 

A wire presses on the sides of a 60-degree thread with the pressure that is 
applied to the wire by the measuring instrument. This fact would indicate 
that the diameter of the wire should be determined by readings made on the 
wire over a hardened and lapped cylinder having a radius equal to the radius 
of curvature of the helical surface of the thread at the point of contact, using 
the pressure to be used in determining the pitch diameter of the gage. How¬ 
ever, it is not practical to employ such a variety of cylinders as would be 
required, and it is recommended for standard practice that wires be measured 
between a flat contact and a o.7so-inch hardened and accurately ground and 
lapped steel cylinder with the pressure used in measuring the pitch diameter 
of tne gage. Furthermore, to avoid a permanent deformation of the material 
of the wires and gages it is necessary to limit the contact pressure. For 
pitches finer than 20 threads per inch a jiressure of 14 to 16 ounces is recom¬ 
mended. For pitches of 20 threads per inch and coarser a pressure of 2i to 
2 J pounds is recommended. 

Measurements of a thread plug gage made in accordance with these 
instructions, with wires which conform to the above specifications, should 
be accurate to 0.0001 inch. If the diameters of the wires are known only to 
an accuracy of 0.0001 inch, an accuracy better than 0.0003 inch in the meas¬ 
urement of pitch diameter cannot be expected. 
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INTERNATIONAL 60-DEGREE METRIC THREADS 

The international metric thread was recommended by a Congress 
held at Zurich in 1898, and is similar to the metric system of threads 
used in France. The thread form is the same as American threads. 
It is used in the United States for spark plug threads. 



International 60° Metric Thread 


^ = 60® 
a — 30"* 

p = pitch in millimeters 

H = 0M602P 

h = 0.64952^ 

F == 0 .12$P 

D — basic major diameter 


E D — h — pitch diameter 
A = Z) — 2A = minor diameter 
G = 0.57735/) = diameter best wire 

= measured P.D. 


Lowenherz 53 Degrees, 8 Minutes 

The Lowenherz thread is used in Europe for watch and instrument 
threads. It is used in the United States on magnetos, but it is 
gradually being replaced by the 60-degree metric thread. 

All dimensions in millimeters 



. Lowenherz 53® — 8' Thread. All Dimensions in Millimeters 
yZs=53® — 8' /> = basic major diameter 

a aa 26° — 34' E ^ D h ^ basic pitch diameter 

p sa pitch in millimeters A” *= D — 2A = basic minor diameter 
H — p G == 0.55902^ = diameter best wire 

i F P ^ (3-*3S94G - />) = measured 

h = o.7Si> 8 P.D. 








Table 35. —Basic Dimensions of International 60® Metric Threads 
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Thread Formulas 

The following formulas for various threads will be found useful: 


Designation 

Included 

Angle 

Thread 

Depth 

Formula for Finding Pitch 
Diameter with 3-Wire Method 


Deg. Min. 



National. 

60 

0.649519 

n 

E-M (3G 

National Pipe.. . 

60 

.8 

n 

0.86602 

E = 1.00049 Af— ^3G— 

Sharp V. 

60 


E^M-{3G -) 

International 

60 

0.649519 


Metric 

n 

V « / 

Whitworth. 

British Associ¬ 

55 

0.64033 

n 


ation . 

47 i 

6p 

E^M- (3.4829G- 1.13634^' 

Lowenherz. 

53 8 

. 75 /> 

E--M-{ 3 ‘ 23594 G-P) 

Acme Screws. . . 

29 

-l-.oio inch 

2M 

E-M- ( 4 .p 935 )G--?| 32 ^) 

Acme Taps. 

29 

- 4 -.020 inch 
2n 

E-M (4.P939G 

29-degree Worm 

29 

0.6866 

n 

Use wire - to come flush 

n 

with top of thread. 

40-degree Worm 

40 

^6866 

n 

Use wire to come flush 

n 

with top of thread. 


Notes: i. On 29- and 40-degree worm threads the addendum above the 
pitch diameter is —The thread depth of - - provides a clearance of 


at the bottom of the thread. 
n 

2. In the above formula G can be any size wire that will fit in the thread. 

3. Helix angle corrections are not included in the foregoing formulas. 


Example.—(Using Best Wires) : Given a f inch—10 thread, to 
be measured with 0.05774 inch diameter best size wires. The wire 
constant = 3 X 0,05774 inch — 0.08660 inch == 0.08662 inch. 
(See Table 38 on page 64.) The measurement over the 3 wires 
is found to be 0.7071 inch. Then £ = If — PT = 0.7701 inch 
— 0.08662 — 0.68348 inch. 


From Table 2, page 9, the basic P.Z?. of a } inch — 10 
screw = 0.6850 

Subtract the actual P.D. =0. 68348 

The thread is undersize 0.00152 inch 


50-degree worm £ = iVf -f 


1.0722 

ft 


— 3.0662G — GS^ X .97175 


The i inch — 10 thread is measured with 6-pitch best wires which 
are 0.09623 inch in diameter, and the measurement over the three 
wires is found be 0.8865 inch. 
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Using equation (4) E = Af — (3 X diameter of wires — depth of 
sharp V thread) there results. 

E = 0.8865 inch — (3 X 0.09623 inch — 0.08660 inch) 

E == 0.8865 inch — (0.28869 inch — 0.08660 inch) 

E = 0.8865 inch — 0.20209 inch = 0.68441 inch 
(See Table 47, page 83 for depth of sharp V thread.) 

The basic P.D. of a J inch — 10 thread == 0.6850 inch 
Subtract actual P.D. 0.68441 inch 

The thread is undersize 0.00059 inch 

It should be noted that the thread is undersize 0.00152 inch using 
best size wires, and undersize 0.00059 inch using the larger 6-pitch 
wires. This lack of agreement might be caused by the included 
angle of thread being less than 60 degrees. If the angle were perfect, 
both measurements should check. 

Measuring the Included Angle of Thread with Two Sizes of Wires 

To measure the angle of thread, two measurements are made 
with different size wires, usually as near as possible to the maxi¬ 
mum size and minimum size wires that will fit into the thread. 
Table 38, page 64, gives the maximum and minimum wire sizes that 
can be used for any pitch of thread. For instance, on a screw of 
sixty-four threads per inch, the best size wires for 64 pitch are the 
minimum wires, and the best size wires for 40 pitch are the maxi¬ 
mum size wires. 

The general formula for determining the included angle of thread 
is 

(1) cosecant a = — i 

or 

/ \ M\ — M2 . I 

(2) -7; - — — cosecant a + i 

C/l — Cr2 

Where: M\ — measurement over the three large size wires of 
diameter Gj 

Ml — measurement over the three small size wires of 
diameter Gi 

Table 35a page 58A, gives values of (cosecant a -f i) for 
angles 2° greater and 2° less than the common angles used in screw 
threads. 

For a thread exactly 60 degrees, the half angle (a) being 30 
degrees, cosecant a = cosecant 30 degrees ~ 2.0000, and equation 
(2) becomes 

Ml - Ml 

Gi — Gi 


(3) 


2.0000 -F I =* 3.0000 (Result) 



SCREW THREADS 


S&h 


Table 350,— Values of (cosecant a + i) 
For Measuring Included Angle of Threads 


60® Threads 

55 

® Threads 

53“ 

8' Threads j 

47^® Threads 

0 

58 

f 

3.0627 

0 

S3 

/ 

3-2411 

0 

SI 

8 

3.3172 

0 

45 

f 

30 

3.5859 

58 

10 

3.0573 

53 

10 

3.2346 

SI 

18 

3.3101 

45 

40 

3.5770 

58 

20 

3.0SI9 

53 

20 

3.2282 

51 

28 

3.3032 

45 

50 

3.5681 

S8 

30 

3.0466 

S3 

30 

3.2217 

51 

38 

3.2962 

46 


3.5593 

58 

40 

30413 

53 

40 

3.2153 

51 

48 

3.2894 

46 

10 

3 5506 

58 

SO 

3.0360 

S3 

SO 

3.2090 

51 

58 

3.2825 

46 

20 

3.5419 

59 


30308 

54 


3.2027 

52 

8 

3.2757 

46 

30 

3.5333 

59 

10 

3.0256 

54 

10 

3.1964 

52 

18 

3.2690 

46 

40 

3.5247 

59 

20 

3.0204 

54 

20 

3.1902 

52 

28 

3.2623 

46 

SO 

3.5163 

59 

30 

3.0152 

54 

30 

3.1840 

52 

38 

3.2556 

47 


3.5078 

59 

40 

3.0101 

54 

40 

3.1778 

52 

48 

3.2490 

47 

10 

3.4998 

59 

SO 

3 0050 

54 

50 

3.1717 

52 

S8 

3.242s 

47 

20 

3.4912 

60 


3.0000 

55 


3.1657 

S3 

8 

3.2359 

47 

30 

3.4829 

60 

10 

2.9950 

55 

10 

3.1596 

S3 

18 

3.2294 

47 

40 

3.4748 

60 

20 

2.9900 

55 

20 

3.1536 

S3 

28 

3.2230 

47 

SO 

3.4666 

60 

30 

2.9850 

55 

30 

3.1477 

S3 

38 

3.2166 

48 


3.4586 

60 

40 

2.9801 

55 

40 

3.1418 

53 

48 

3.2103 

48 

10 

3.4506 

60 

SO 

2 9752 

55 

50 

3.1359 

53 

58 

3.2039 

48 

20 

3.4426 

61 


2.9703 

56 


3.1300 

54 

8 

3.1977 

48 

30 

3.4347 

61 

10 

2.9654 

56 

10 

3.1242 

54 

18 

31914 

48 

40 

3.4269 

61 

20 

2.9606 

56 

20 

3.118s 

54 

28 

3.1852 

48 

50 

3.4191 

61 

30 

2.9558 

56 

30 

3.1127 

54 

38 

3.1791 

49 


3.4114 

61 

40 

2.9510 

S6 

40 

3.1070 

54 

48 

31730 

49 

10 

3.4037 

61 

SO 

2.9463 

S6 

SO 

3.IOI4I 

54 

S8 

3.1669 

49 

20 

3.3961 

62 


2.9416 

57 


3.0957 

55 


3.i6o8 

49 

30 

3.3886 

43 


3.7285 

38 


4.071s 

27 


5.2836 




43 

10 

3.7185 

38 

10 

4.0586 

27 

10 

5.2579 




43 

20 

3.7085; 

38 

20 

4.0458 

27 

20 

5.2324 




43 

30 

3.6986 

38 

30 

40331 

27 

30 

5.2072 




43 

40 

3.6888 

38 

40 

4.0206 

27 

40 

5.1824 




43 

50 

3.6791 

38 

50 

3.0081 

25 

50 

5.1578 




44 


3.669s 

39 


3.9957 

28 


5.1336 




44 

10 

3.659s 

39 

10 

3.983s 

28 

10 

5.1096 




44 

20 

3.6504 

39 

20 

3.9713 

28 

20 

5.0859 




44 

30 

3.6410 

39 

30 

3.9593 

28 

30 

5.0625 




44 

40 

3.6316 

39 

40 

3.9474 

28 

40 

5.0394 




44 

50 

3.6223 

39 

SO 

3.9355 

28 

SO 

1 5.0165 




45 


3.6131 

40 


3.9238 

29 


4-9939 




45 

10 

3.6040 

40 

10 

3.9122 

29 

10 

4-9716 




45 

20 

3.5949 

40 

20 

3.9006 

29 

20 

4.9495 




45 

30 

3.5859 

40 

30 

3.8892 

29 

30 

4.9277 




45 

40 

3.57701 

40 

40 

3.8778 

29 

40 

4.9061 




45 

50 

3.5681 

40 

50 

3.8666 

29 

SO 

4.8848 




46 


3.5593 

41 


3.8554 

30 


4.8637 




46 

10 

3.5506 

41 

10 

3.8444 

30 

10 

4.8428 




46 

20 

3.5419 

41 

20 

3.8334 

30 

20 

4.8222 




46 

30 

3.5333 

41 

30 1 

3.8225 

30 

30 

4.8018 




46 

40 

3.5247 

41 

40 

3.8117 

30 

40 

4.7816 




46 

SO 

3.5163 

41 

50 

3.8010 

30 

50 

4.7617 




47 


3.5078 

42 


3.7904 

31 


4.7420 






'loeai 


Fig. 


tOtMIMXUU K / S/i tilS/Z U iO 9 6 7 € S 4 k 4 

itSHH NUMBER OR ThRBADB PER iNCM. 

ga.—Relation of Maximum and Minimum Pitch Diameters 
of Classes i, 2, 3, and 4 Fits to Basic Pitch Diameters. 
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To Correct Pitch Diameter to Micrometer Reading 

Table 36 wijl save many calculations. The decimal shown by 
the asterisk gives the amount to add to the pitch diameter to find 
the micrometer reading over the wires if the pitch diameter is 
correct. For a i-inch, 8-pitch American thread, the pitch diam¬ 
eter is 0.91881 inch. With the best wire the table shows 0.108253 
as the amount to add. The sum is 1.027ii as before. The other 
figures show the amounts to be added to the pitch diameter when 
wires of the other sizes designated are used. 

For threads of other angles the following formulas are used: 

Whitworth 55 degrees: Af = P. D.—0.960491 P + (3.1647 G). 

British Association 47J inches: 

M - P. D.—1.13633 P 4 " (3 4829 G). 

Loewenherz 53 degrees 8 minutes: M = T. D.— P + (3.23594 G). 

Acme 29 deg.: = P. D.—1.93334 P + (4 9938 G). 

Formulas for Thread Angles of 14J, 20, 22J, and 25 Degrees 

The formulas for pitch diameter are as follows: 

I4i degree: £ - M -f- - 8.9270 G. 

n 

20 degree: £ - M -f — - 6.7588 G. 

22§ degree: £ « M - 6.1258 G. 

ft 

25 degree: £ - M -f - 5.6202 G. 

Values of necessary angles are: 


Thread 

Angle 

Half- 

Angle 

sec a 

cotan a 

cosec a 

14I 

7i 

I.0080 

7.86064 

7.9270 

20 

10 

I.0154 

5 .67128 

5.7588 

22i 


1.0196 

5.02734 

5.1258 

25 

12} 

1.0243 

4.SI071 

4.6202 


These formulas do not take into account the effect of helix angle 
which, in the case of multiple threads, is large. However, on worm 
threads, the matter of helix angle has been neglected so long that 
we have a standard that is not exactly correct btit, nevertheless, is 
in universal use. 

It is strongly advised that wires near the best size and of known 
accuracy be used, since any error in the size of the wire is multiplied 
by sJ to 8 timfS in the formulas given. 













Table 36. —Converting American Pitch Diameters into Micrometer Reading by Three-Wire 

Measurement.— Continued 

Formula: 3 G — (P X 0.866025) = amount to add to pitch diameter (see page 55). 

Threads per Inch 
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♦ Shows “Best Size” or Wire Touching on P. 
Greenfield Tap & Die Corp. 
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Table 37.—Dimensions oe Metric Threads 
{p‘Pifch 

ftala ^Dtpfh^px 0.649S 
X’f^F/at-py^ 



Diameter of 

Screw mm. 

Pitch 

mm. 

Diameter at Root 
of Thread mm. 

Width of 

Flat mm. 

3 

0-5 

2.3s 

.06 

4 

0-75 

3.03 

.09 

5 

0.75 

4.03 

.09 

6 

I.O 

4.70 

•13 

7 ^ 

I.O 

5.70 

•13 

8 

1.0 

6.70 

•13 

8 

1-25 

6.38 

.16 

9 

I.O 

7.70 

.13 

9 

I. 2 S 

7-38 

.16 

10 

I -5 

8.05 

.19 

II 

1-5 

9-05 

.19 

12 

1-5 

10.05 

.19 

12 

I -75 

9-73 

.22 

14 

2.0 

11.40 

.25 

16 

2.0 

13.40 

.25 

18 

2-5 

14-73 

.31 

20 

2-5 

16.7s 

.31 

22 

2.5 

18.7s 

•31 

22 

3.0 

18.10 

.38 

24 

3.0 

20.10 

-38 

26 

3.0 

22.10 

-38 

27 

3.0 

23.10 

.38 

28 

3*0 

24.10 

.38 

30 

3-5 

25.45 

.44 

32 

3-5 

27.45 1 

.44 

33 

3-5 

28.45 

-44 

34 

3-5 

29.45 

.44 

36 

4.0 

30.80 

.5 

38 

4.0 

32.80 

•5 

39 

4.0 

33.80 

•5 

40 

4.0 

34.80 

•5 

42 

4.5 

36.15 

.56 

44 

4.5 

38.15 

•56 

45 

4.5 

39.15 

.56 

46 

4.5 

40.15 

•56 

48 

5.0 

41.51 

.63 

50 

5-0 

43.51 

.63 

S 3 

5*0 

45.51 

.63 

56 

S-S 

48.86 

.69 

60 

5.5 

52.86 

.69 

64 

6.0 

56.21 

•75 

68 

6.0 

60.21 

•75 

73 

6.5 

63.56 

.81 

76 

6-5 

67.56 

.Sx 

80 

7-0 

jopx 

M 





64 


SCREW THREADS 


Table 38— Three-Wire Measuremeht or American Threau 
(Dimensions in Inches) 


No. 

Threads 
per Inch 

^ O.S 773 S 

N 

Diam. 
Best Wire 

Best Wire 
Constant 
„ 0.86602 

0.64951 
" " ' JV 
Depth 
American 
Thread 

« ^ No. Threads 
"" per Inch 



^ ^ N 
Depth V 
Thread 

Min. 

Wire 

Max. 

Wire 

80 

0.00722 

0.01083 

0.00812 

0.00722 

0.0115s 

72 

0.00802 

0.01203 

0.00902 

0.00802 

0.01312 

64 

0.00902 

0.01353 

0.01014 

0.00902 

0.01^43 

S6 

0.01031 

0.01546 

0.01160 

0.01031 

0.01604 

SO 

o.oiiss 

0.01732 

0.01299 

0.01155 

0.01804 

48 

0.01203 

0.01804 

0.01353 

0.01155 

0.02062 

44 

0.01312 

0.01968 

0.01476 

o.oiiss 

0.02221 

40 

0.01443 

0.02165 

0.01024 

0.01312 

0.02A06 

36 

0.01664 

0.02406 

0.01804 

0.01443 

0.02624 

32 

0.01804 

0.02706 

0.02030 

0.01604 

0.02887 

30 

0.01924 

0.02887 

, 0.02161 

0.01804 

0.03039 

28 

0.02062 

0.03093 

0.02319 

0.01924 

0.03207 

26 

0.02221 

0.03331 

0.02498 

0.02062 

0.03608 

24 

0.02406 

0.03608 

0.02706 

0.02291 

0.03608 

22 

0.02624 

0.03936 

0.02952 

0.02406 

0.04124 

20 

0.02887 

0.04330 

0.03248 

0.02624 

0.04441 

19 

0.03039 

0.04558 

0.03418 

0.02887 

0.04811 

x8 

0.03207 

0.04811 

0.03608 

0.02887 

0.05020 

16 

0.03608 

0.05413 

0.04060 

0.03207 

0.05774 

14 

0.04124 

0.06186 

0.04640 

0.04124 

0.06415 

13 

0.04441 

0.06662 

0.04996 

0.04124 

0.06415 

12 

0.04811 

0.07217 

0.05413 

0.04441 

0.07217 

Hi 

0.0S020 

0.07531 

0.05648 

0.04811 

0.07217 

II 

0.05249 

0.07873 

0.05904 

0.05020 

0.08248 

10 

0.05774 

0.08660 

0.0649s 

0.05249 

0.09622 

9 

0.0641s 

0.09622 

0.07218 

0.05774 

0.09622 

8 

0.07217 

0.10825 

0.08119 

0.06415 

0.10497 

7 

0.08248 

0.12372 

0.09279 

0.07217 

0.12830 

6 

0.09622 

0.14434 

0.10825 

0.09622 

0.14434 

si 

0.10497 

0.15746 

0.11805 

0.09622 

0.14434 

5, 

O.IIS 47 

0,17320 

0.12990 

0.10497 

0.14434 

4i 

0.12830 

0.19245 

0.14434 

0.11547 

0.14434 

4 

0.14434 

0.21651 

0.16238 

0.12830 



Note. —Sometimes taps have an outside diameter over basic, and the 
minimum wires given may not project above the tops of the thread. 

With 60-dcgree threads H - both the depth of a V thread and also the 
beat wire constant. 


Formula for American 6o>dbgrbe Threads 

Basic pitch diam. >■ Basic outside diam. — Depth American threads. 
Measuri^ pitch diam. ■■ if 4. Depth V. Threads — 3C. 

If best wire is used, 

Measured pitch diam. » AT — best wire constant. 










THREAD ANGLES 


6 $ 


Metric Coarse Thread 


Diameter, in Millimeters 

Pitch, in Millimeters 

3 

0.50* 

3 5 

0.60 

4 

0.70 

45 

0.7s 

50 

0.80 

55 

0.90 

6 

1.0 

7 

1.0 

8 

I-25 

9 

1.25 

10 

i-S 


♦ France and Japan: o.6o. 

The pitches of metric threads are generally given in millimeters, 
so that the number of threads per inch must be computed from these 
data and, of course, come out unevenly. 

The pitches of metric coarse threads from 6 to 8o millimeters, 
inclusive, are the same in all countries that have adopted metric 
standard threads. For diameters below 6 millimeters, there are a 
few differences, as shown in the above table for the diameter of 
3 millimeters. 


Formula for s5-Degree Threads 

Basic pitch diam » Basic outside diam. — Depth of thread. 

Measured pitch diam. — 3,16568 C. 

N 

If best size wire is used, then the 

Measured pitch diam. ^ M — best wire constant. 


Checking Angle of Thread 

Using two sizes of wires, Gi (large) and C2 (small). If the angle is SS 
degrees then 

Ml — Mi , 

cTTcr - 

For other angles the results shown below will be obtained; 


Result 

Angle 

Degrees 

Minutes 

3.1840 

54 

30 

3.1778 

54 

40 

3.1717 

54 

50 

3.1657 

55 


3.1596 

55 

10 

3.1536 

55 

ao 

3.1477 

55 

30 
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Chbcking Angle of Thread 


Using two sixes of wires, Ci (large) and Gs (small). 
If angle is 6o degrees then 


Ml - Mt 
Gi - Gi 


3.0000. 


For other angles the following results will be obtained: 


Result 

Angle 

Degrees 

Minutes 

3.0152 

59 

30 

3.0101 

59 

40 

3.0050 

59 

50 

3.0000 

60 


2.9950 

60 

10 

2 .9900 

60 

30 

2.9850 

60 

30 


Table 39.—Wire Sizes and Constants for 55-Degree Threads 
This includes British Standard Whitworth and British Standard 
Fine Threads 


No. 

Threads 
per Inch 

Diam. 
Best 
Wire •= 

G - 

0.563692 

N 

D^th of 
V 'Hiread 

Degrees « 
H - 
0.96049 

N 

h - 
0.6403 

N 

Depth of 
Whitworth 
Thread 

Diam. 

Min. 

Wire 

Diam. 

Max. 

Wire 

Best Wire 
Constant 
0.82398 
N 

40 

0.01409 

0.02401 

0.01601 

0.01409 

0.02013 

0.02060 

36 

0.01566 

0.02668 

0.01779 

0.01409 

0.02168 

0.02289 

33 

0.01762 

0.03002 

0.02001 

0.01762 

0.02563 

0,02577 

28 

0.02013 

0.03430 

0.02287 

0.02013 

0.02818 

0.02943 

36 

0.02168 

0.03694 

0.02463 

0.02013 

0.03132 

0.03169 

24 

0.02349 

0.04002 

0.02668 

0.02349 

0.03525 

0.03433 

22 

0.02563 

0.04366 

0.02911 

0.02349 

0.03525 

0.03745 

20 

0.02818 

0.04802 

0.03202 

0,02563 

0.04026 

0.04120 

18 

0.03132 

0.05336 

0.03557 

0.02818 

0.04697 

0.04577 

16 

0.03525 

0.06003 

0.04002 

0.03525 

0.05124 

0.05155 

14 

0.04026 

0.06861 

0.04574 

0.04026 

0.05637 

0.05886 

12 

0.04697 

0.08004 

0.05336 

0.04697 

0.07046 

0.06866 

II 

0.OS124 

0.08732 

0.05821 

0.04697 

0.07046 

0.07491 

10 

0.05637 

0.09605 

0.06403 

0.05124 

0.08053 

0.08240 

9 

0.06263 

0.10672 

0.0711S 

0.05637 

0.09396 

0.091SS 

8 

0.07046 

0.12006 

0.08004 

0,07046 

0.09396 

0.10300 

7 

0.08053 

0.13721 

0.09148 

0,08053 

0.11274 

0.11771 

6 

0.09396 

0.16008 

0.10672 

0.09396 

0.14092 

0.13733 

5 ^ 

0.11274 

0.19210 

0.12807 

0.09396 

0.lio92 

0.16480 

4 i 

0.12520 

0.21344 

0.14230 

0.11274 

to, lOIOS 

0.18311 

4 . 

0.14092 

0.240x2 

0.16008 

0.X4092 

0.16105 

0.20600 


0.XOX05 

0.27443 

0.18295 

0.XOXO5 


0.23542 
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Table 40.—Wire Sizes and Constants for 6o-Degree Metric 
Threads 


Pitch 

in 

Milli¬ 

meters, 

P 

A™rox. 

Threads 

per 

Inch, 

n 

Diam. Best 
Wire, 

^ ^ 0.57735 
w 

in Inches 

Depth of 
Sharp V 
Thread also 
Best Wire 
Constant, 

^ 0.86602 
n 

in Inches 

Depth of 
60-aegree 
Metric 
Thread, in 
Inches 
_ 0.64951 

n 

For ! 
Min. 
Wire 
Use 
Best 
Wire of 
Pitch 
Given 
Below 

For 
Max. 
Wire 
Use 
Best 
Wire of 
Pitch 
Given 
Below 

0.24 

10S.8 

0.00546 

0.00818 

0.00614 

0.24 

0.42 

0.27 

94.1 

0.00614 

0.00921 

0.00690 

0.24 

0.4s 

0.30 

84.7 

0.00682 

0.01023 

0.00767 

0.27 

0.45 

0.33 

77.0 

0.00750 

0 . 0 II 2 S 

0.00831 

0.30 

0.4s 

0.36 

70.6 

0.00818 

0.01227 

0.00920 

0.33 

0.60 

0.39 

65.2 

0.00886 

0.01330 

0.00981 

0.33 

0.60 

0.42 

60.5 

0,00955 

0.01432 

0.01073 

0.36 

0.60 

0.45 

56.4 

0.01023 

0.01534 

0.01150 

0,42 

0.75 

0.50 

50.8 

0.01136 

0.01705 

0.01279 

0.45 

0.80 

0.60 

42.3 

0.01364 

0.02046 

0.01534 

0.60 

1.00 

0.75 

33.9 

0.01705 

0.02557 

0.01918 

0.75 

1.25 

0.80 

31.8 

0.01818 

0.02728 

0.02046 

0.75 

1.25 

0.90 

28.2 

0.02046 

0.03069 

O'.02302 

0.90 

1.50 

1.00 

25.4 

0.02273 

0.03410 

0.02556 

I. 00 

1.75 

I .25 

20.3 

0.02841 

0.04262 

0.03196 

1.25 

2.00 

1.50 

16.9 

0.03410 

0.05114 

0.03836 

1.50 

2.50 

1.75 

14.5 

0.03978 

1 0.05967 

0.04475 

1.75 

3 00 

2.00 

12.7 

0.04546 

0,06819 

0.0SII2 

1 .75 

3 . SO 

2.50 

10.2 

0.05683 

0.08524 

! 0.06393 

2.50 

4.00 

3.00 

8.5 

0.06819 

0.10229 

0.07672 

3.00 

5.00 

3.50 

7.3 

0.07956 

0.11933 

0.08950 

3.50 

5.50 

4.00 

6.4 

0.09092 

0.13638 

0 .I 022 I 

3.50 

7.00 

4.50 

5.6 

0.10229 

0.15343 

O.II507 

4.50 

7.50 

5.00 

5 .1 

0.11365 

0.17048 

0.12786 

4.50 

7.50 

5.50 

4.6 

0.12502 

0.18752 

0.14064 

5.00 

8.00 

6.00 

4.2 

0.13638 

0.20457 

0.15343 

5 .SO 

8.00 

6.50 

3.9 

0.14775 

0.22162 

0.16621 

6.00 

8.00 

7.00 

3.6 

0.15911 

0.23867 

0.17900 

6.50 

8.00 

7. SO 

3.4 

0,17048 

0.25572 

0.19179 

7.00 

8.00 

8.00 

3.2 

0.18184 

0.27276 

i 0.20457 

7.00 



Note. —The thread depth given above corresponds to a i flat both at the 
top and bottom of the thread. Usually the flat at the bottom is made V 
the pitch to provide a greater clearance. 

Formula same as American thread, including angle measurement. 

Basic pitch diameter Basic outside diameter — Depth of thread. 

Measured pitch diameter »» Af — ^ 

If best wire is used, then the 

Measured pitch diameter = M — best wire constant. 



Table 41.—British Association 47i-DEGREE Threads Basic Sizes, Wire Sizes, and Constants 
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Best Wire 
Constant, 
3.4829 G 

ii 3634 />. 

W, 

in Inches 

fO 

0.03018 

0.02717 

0.02443 

0.02202 

0.01989 

0.01780 

0.01600 

0.01447 

0.01298 

O.OII77 

O.OIOS 7 

0.00936 

0.00844 
0.00756 

0.00693 

0.00635 

Depth 
of V 
Thread, 
i.I 3634 />. 
H, 

in Inches 


0.04474 

0,.040 26 
0.03624 
0.03266 
0.02953 

0.02640 

0.02371 

0,02147 

0.01924 

0.0174s 

0.01566 

0.01387 

0.01253 

0.01118 
0.01029 

0.00939 

Diam. 
Max. 
Wire, 
in Inches 

- 

0.02870 

0.02585 

0.02151 
0.01936 
0.01742 

o.oisio 

0.01510 

0,01269 

0.01140 

0.01032 

0,00925 

0.00839 

0.00753 

0.00667 

0.00602 

0.00602 

6 .S 

0 

mONOOv OkONt'iOv fOt'»NOOlO N 

tOvO 0 fO to 

(M M 0 aoo rt 

MMwOO 00000 0 

00000 00000 00000 0 

00000 dodo'o 00000 0 

Pitch 

Diam., 

£, 

in Inches 

o> 

0,21260 

0.18740 

0.16594 

0.14409 

0.12618 

0. II20I 
0.09764 
0.08701 
0.07638 

0.06555 

0.05866 
0.05177 
0.04449 

0.04134 

0.03386 

0.03051 

Major 

Diam., 

D. 

in Inches 

OO 

0.23622 
0.20866 
0.18504 

0.16142 

0.14173 

0.12598 
0.11024 
0.09842 
0.08661 
0.07480 

0.06693 
0.05906 
0.05118 
0.04724 

0.03937 

0.03543 

Approx. 
No. of 
Threads 
per Inch, 
” 

- 

mO>Ovmm 'OOsl^'O't 0 

t/^00 M rtoo fOt^f^OvtO NmQmo h 

M M fO fO CO Tj-rrioto-O t^OO 0\ 0 N 

Depth 

of 

Thread, 
o. 6 p, h, 
in Milli¬ 
meters 

0 

OOtoOtn loOOOto ©ti^OOO to 

0 rfao VO* tc> Ct &\<> CO M 00 t" 10 rf N 

\OiO'«t'Vco cococtctrt nwi-imi-i m 

00000 00000 00000 0 

Minor 
Diam., 
p - 2 h, 
in Milli¬ 
meters 

to 

00000 00000 00000 0 

0 ct CO M M O^O M 00 c *5 00 'O'O ON to 

00 N <N 00 w ovvo N M a C- '■O 

TtTl-fOcoN NNmmm mmooO 0 

Pitch 
Diam., 
P - h, 
in Milli¬ 
meters 

■V 

OOtoOto ti^OOOto 0*0000 to 

00 MOO rfoo M tJ-O 0 m po too 

OOtTn OinO pO m 0 00 r* 

tO^t-ttroco NNNmm mmmmO O 

Major 

Diam., 

D, 

in Milli¬ 
meters 

n 

rO 

00000 00000 00000 0 

00000 00000 00000 0 

OcO^'M^O NoOu^N.Oi t^tnroNO Oi 

\OtrtTtTt-ro mmmmm d 

Pitch 

in j^’illi- 
meters 

N 

0 0 M cOvO OtcooocoOt voMoOu^ro m 

0 O»oo lotorf'tfco CO CO N N N PI 

M 0 0 0 0 0 0 d 0 d 0 0 d 0 d d 

Size 

- 

0 w N v>0 *^00 Ov 0 M Ci fo 10 

H M M M M M 


r = — = radius at crest and root 

General formula using any size of wires 

. . £ = 3/ - (3.4829G - i.I3634/>) 

Using best size wires 

K = 3f - W 

If wires differ by more than 0.00002 inch from best size given in the above table a new wire constant, W should be computed. 
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Checking Angle op Thread 


Using two sizes of wires Gi (large) and Gt (small), then if the angle is 
47 i degrees, 


Ml ~ Mt 

Gi — Gt 


- 3.4829. 


For other angles the following results will be obtained: 



Angle 

Result 



Degrees 

Minutes 


3.5078 

47 


3.4995 

47 

10 

3.4912 

47 

20 

3.4829 

47 

30 

3.4748 

3 .4606 

47 

47 

40 

so 

3.4586 

48 



Wire measurement tables by H. L. Van Keuren. 


Jit 


Optical Methods of Measuring Threads 

There are several makes of apparatus for optical measurement, 
both in this country and abroad. One method makes direct 
observations of the magnified screw thread, 
while the other projects an image of the 
thread against a greatly magnified chart and 
compares the outlines in this way. With 
the apparatus set by a screw of correct pitch 
diameter, the projected shadow shows not 
only the thread form, but also whether the 
diameter is within the tolerance laid out on 
the chart. Some of these devices are very 
compact and allow of easy manipulation, so 
that screw threads can be inspected very 
rapidly. A chart from a Hartness com¬ 
parator, Fig. 10, shows how the magnified shadow is compared with 
the greatly enlarged chart and very slight errors detected at a glance 
There are now several makes of instruments that compare outlines 
visually, as in this case. These instruments are also used for com 
paring outlines of gear teeth, milling cutters, and other contours. 



Fig. 10. —Checking 
Outline on Standard 
Chart 


Measuring Thread Diameter with Two and Three Wires 

D ■* outside diameter of thread. 

Di ■» root diameter measured in thread groove. 
n — number of threads per inch of length. 
d -> depth of thread. 

P ■■ distance from center to center of adjacent threads, v 
/ • width of flat on American Standard thread, 

a • diameter of wire used. 

B "» distance from apex of thread angle at root, to center of wire. 

Dt M diameter of cylinder touched by apexes of thread angles. 
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Table 42.—Measuring American Standard Coarse Threads 
WITH Micrometers and Wires 


D 

n 

D, 

D, 

a 

B 

Qfy 

1 

X 

XI 

! 

i" 

20 

.1867 

.1742 

.04 

.04 

.000625 

.2721 

.2942 

.2955 

if',' 

18 

.2419 

.2283 

.04 

.04 

.000771 

.3304 

-3483 

-3495 


16 

•2954 

.2803 

.04 

.04 

.000976 

-3876 

.4003 

.4016 

if',' 

14 

•346s 

.3292 

.04 

.04 

.001274 

.4433 

.4492 

.4507 

i " 

13 

.4019 

-3834 

.06 

.06 

.001479 

•5317 

-5634 

-5647 

V 

12 

.4561 

.4362 

.06 

.06 

.001735 

-5893 

.6162 

-6177 

1" 

II 

.5089; 

-4872 

.06 

.06 

.002065 

.6461 

.6672 

.6681 

it" 

II 

•S7I2 

•5497 

.06 

.06 

.002065 

.7086 

.7297 

-731* 

I 

10 

.6221 

-5984 

.06 

.06 

.0025 

-7643 

-7784 

.7801 

H" 

10 

.6844 

.6609 

.06 

.06 

.0025 

.8267 

.8409 

.8425 

\L„ 

9 

•7327 

.7066 

O.IO 

O.IO 

.003086 

.9408 

1.0066 

1.0083 


9 

•7950 

-7691 

O.IO 

O.IO 

.003086 

1.0033 

1.0691 

1.0706 

i" 

8 

•8399 

.8105 

lo.io 

O.IO 

.003906 

1.0553 

1.1105 

1.1124 

li" 

7 

.9421 

.9085 

O.IO 

O.IO 

.005102 

1.1667 

1.2085 

1.2107 

li" 

7 

1.0668 

1-0335 

O.IO 

O.IO 

.005102 

1.2917 

I-333 5 

1.3355 

li" 

6 

1.1614 

1.1224 

O.IO 

O.IO 

.006944 

1-3987 

1.4224 

1.4250 

li" 

6 

1.2862 

1.2474 

O.IO 

O.IO 

.006944 

1.5237 

1.5474 

1.5497 

if" 

5i 

1-3917 

1-3494 

0.15 

0.15 

.008263 

1.7122 

1.7994 

1.8019 

li" 

5 

I-493S 

1.4469 

0.15 

0.15 

.010 

it 8234 

1.8969 

1.8997 

li 

5 

1.6182 

1-5719 

,o.i 5 | 

0.15 

.010 

1.9484 

2.0219 

2.0245 

2" 

4i 

1-7149 

1.6632 

0.15 

0.15 

.012343 

2.0566 

2.1132 

2.1163 


4i 

1-8393 

1.7882 

0 15.0.15 

.012343 

2.1816 

2.2382 

2.2411 


4i 

1.9641 

1.9132 

0.15 

0.15 

.012343 

2.3066 

2.3632 

2.3667 


4 

2.0540 

1.9961 

0.15 

0.15.015625 

2.4105 

2.4461 

2.4495 

2j" 

4 

j2.i787 

2.1211 

0.15 

0.1s 

,.015625 

2.5355 

2.5711 

[2.5742 

2j" 

4 

2.4284 

2.3711 

0.15 

0.15 .015625 

2.7855 

2.8211 

2.8240 

3" 

3i 

2.6326 

2.5670 

0.20 

0.20 

.020392I 

3.0835 

3.1670 

3.1704 


3i 

2.8823 

2.8170 

0.20 

0.20 

.020392' 

3.3335 

3.4170 

3.4200 

i\" 

3i 

3-1041 

3-0337 

0.20 

0.20 

.023654 

3.5668 

3-6337 

3.6368 

3 i" 

3 

3-3211 

3,2448 

0.20 

0.20 

•02775 

3.7974 

|3.8448 

|3.8486 



3-5708 

3-4948 

0.20 

0.20 

.02775 

4.0474 

4.0948 

4.0983 

4 i" 


3.8019 

3.7228 

0.20 

0.20 

'03024 

4.2864 

4-3228 

[4.3264 

4 " 

2I" 

4.0318 

3-9489 

0.20 

0.20 

1-03305 

4.5244 

4.5500 

4.5530 

4 l" 

2!" 

4.2592 

4.1728 

0.20 

0.20 

.03625 

4.7614 

'4.7728 

4.7767 

s" 

2}" 

4.4848 

4-3938 

0.20 

0.20 

.040 

4.9970 

4.9938 

4.9980 


2j" 

4-7346 

4.6438 

0.20 

0.20 

.040 

5.2470 

5.2438 

5.2477 



4-9574 

4.8619 

0.20 

0.20 

-04431 

S-4810 

5.4619 

5.4661 

si" 

i 2f" 

5-2072 

5.1119 

0.20 

0.20 

.04431 

5.7310 

5.7119 

5.7160 

6" 

1 24" 

[54271 

5-3264 

0.20 0.20 

1 1 

•049373 

5.9632, 

5.9264 

5.9307 
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X “ diameter from top of threads on one side of tap or bolt, to top of 
wire laid in thread groove on opposite side. 

Xi — diameter over 3 wires. 

Xi «= diameter over 2 wires. 

American Standard Coarse Thread 

P lead = L for single threads. 
d = ^ X 0.6495 -» 2 :^^. 

£)i - '\i(D- 2d)>+ 

^ “I- 

a => from p, max.; to ^ X 0.505'. 

B sin 30 = a. 


X 

XI 


X2 


2 + £? + B + ?. 

2 2 2 

D 2 "f" 2 B 4" (1. 

'\liD2+2B)‘+ 


+ a. 


Thickness of Plating in Threads 

Electroplating bolts and nuts, either for rust prevention or for 
appearance, adds something to the diameter and, consequently, 
affects the fits, both in the thread and in the body. Unless close 
fits are used, the thickness of the plating can usually be neglected, 
but for close fits it should be known and suitable allowance made. 
Where chromium is plated directly on steel, the thickness of the 
plate will probably not exceed o.ocxji inch. For a really high-class 
job, however, the steel should be first plated with copper, then with 
nickel, and, finally, with chromium. In such cases the total thick¬ 
ness of the three platings would be about 0.00075 inch. 

In cadmium plating, which is used solely for rust prevention, the 
usual coating is 0.0002 inch. Neither chromium nor cadmium 
should show a tendency to build up in the threads but should give a 
uniform coating. The thickness of the coat is dependent on the 
time in the plating bath and, to some extent it is claimed, on the 
closeness of the pieces to each other. 

Parkerizing is not supposed to increase the diameter of the piece 
treated but to secure the rustproofing qualities by its effect on the 
surface of the metal itself. 


Measuring 29-Degree Threads 

As Acme and worm threads are usually much coarser than 
60-degree threads, the effect of the helix angle on wire measurement 
must be considered, as the less the thread angle, the more the inter- 
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ference. This is shown by the diagram in Fig. ii, where the helix 
angle raises the wire and gives a false reading unless correction is 
made. 

The formula for calculating the helix correction, page 59, must 
always be considered when the correction is more than 0.00015 
second. The reason for helix-angle correction can best be visual¬ 
ized if we consider taking a 29-degree threading tool and, on a lathe, 
cutting an annular groove in a piece of steel. If we lay a wire in 



Fig. II.—Effect of Helix Angle on Wire Measurement 


this groove, the axis of the wire will be at right angles to the axis 
of the piece of steel and a line through the points of contact with the 
side walls is likewise parallel to the axis of the steel, as in Fig. 9. 

Table 43.—Converting Three-Wire Measurement to 29- 
Degree Thread Pitch Diameter 


P. D. = measurement — Measurement = P. D. -f 

constant constant 

Constant = (4-9939 W - 1.9333 P) 


T.P.I. 

Wire, W 

Constant 

Wire, W 

Constant 

I 

0.516440* 

0.6456s 



Ii 

0.344293* 

0.43058 



2 

0.258220* 

0.32282 



2i 

0.206576* 

0.25826 



3 

o.i 776462 t 

0.24268 



3 i 

0 .i 44337 St 

0.16842 



4 

0.1443375 

0.23746 

0 .1282998! 

0.15736 

4 i 

0 . ii 54700 t 

0.14728 

0.1282998 

0.21134 

5 

0.1154700 

0.18997 

0.1049727! 

0.13755 

Si 

0. 0962250 t 

0.12901 

0.1049727 

0 17269 

6 

0.0962250 

0.15832 

0.0824786! 

0 08967 

7 , 

0.0721687! 

0.08422 

0.0824786 

0 13570 

7 i 

0.07216877 

0.10262 

0.0824786 

0.15411 

8 

0.072x687 

0.11872 

0 .0641500! 

0.07868 

9 

0.0577350! 

0.07350 

0 .0641500 

0 .I 0 SS 4 

10 

0.0577350 

0.09498 

0.0524863! 

0.06877 

12 

0.0444115! 

0.06067 

0.0524863 

0.10099 


Use “^best” wire where possible. 

* Indicates “best size” wire, 
t Indicates nearest to ‘'best size'* wire. 
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Width of top of thread 
Width of space at bottom 
Clearance at bottom of thread 
Width of space at top of thread 
Thickness at rooFof thread 


0335 _ 

no. of threads per inch 

_ 03^0 _ 

no. of threads per inch 
thickness at pitch line 
10 

_ 0.665 _ 

no. of threads per inch 

_ 0.69 _ 

no. of threads per inch 


Table 44.—Wire Sizes for Measuring Brown and Sharpe 
29-DEGREE Worm Threads 


Threads per Inch 

Pitch 

Diam. of Wire 

j 

2. 

I.0298 

\ 

1-750 

0.9010 

s 

1.500 

0.7723 


1.250 

0.6436 

i 

1.0 

0.5149 

li 

.6666 

0.3432 

2 

•5 

0.2574 

2i 

-4 

0.2060 

3 

•3333 

0.1716 

3 i 

•2857 

O.1471 

4 

.250 

0.1287 

4 i 

.2222 

0.1144 

S 

.2 

0.1030 

6 

.1666 

0.0858 

7 

.1428 

0.0735 

8 

•125 

0.0643 

9 

.nil 

0.0572 

10 

.10 

O.051S 

12 

•0833 

0.0429 

16 

.0625 

0.0322 

20 

.050 

0.0257 


WORM WHEEL HOBS 

Hobs are made larger in diameter than the worm with which they 
are used, by the amount of two clearances. The Brown and Sharpe 
method is to make the clearance one-tenth of the thickness of the 
tooth on the pitch line or 0.05 inch for. a worm of one pitch. If the 
worm was j inches outside diameter, which would be a fair propor¬ 
tion for this pitch, the outside diameter of the hob would be 3 -f 
(2 X .0$) *=3.1 inches. The thread tool would be 0.335 inch wide 
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at the point and would cut 0.6366 + 0.05 = 0.6866 deep, leaving 
the top of the thread 0.31 inch thick and the bottom 0.335 inch thick. 



A " .69 X Pitch 
B ".31X Pitch 
C-H6o£T 
E-.66S 

F — .3683 X Pitch 


S: 

T 

W. 

WD 


.3i83XPitch 
•S X ritch 
•335 X Pitch 
.6866 X Pitch 



D -»Diam. of Worm + aC 
L-WD + ^^ inch 
WD«.6866 XPitch 


Fig. 12.—Section of Hob Thread Fig. 13.—End View of 

Hob 


The body L should be made as near the proportions given as 
possible. 

The diagram, Fig. 12, shows the shape and proportions of the 
thread of a worm hob, and Fig. 13 shows the proportions for the 
depth of tooth, the lead, and the outside diameter. In these 
diagrams: 

A = width of space at top of tooth. 

B = width of thread at top. 

C ** clearance or difference between the hob and worm. 

D — diameter of hob. 

E * width of tooth at bottom. 

F «=• height above pitch line. 

L = width of body or tooth at bottom. 

5 — depth below pitch line. 

T =* width at pitch line. 

W ■= width of space at bottom. 

WD whole depth of tooth. 

Brown and Sharpe allow clearance at the point of the tooth only 
for worm wheels, but at both point and bottom when bobbing 
spur gears. 

MEASURING BROWN AND SHARPE 29-DEGREE 
WORM THREADS 

The diameter of wire for Brown and Sharpe worm thread, Fig. 14, 
for each pitch that will rest in the thread groove on the thread angle 
and be flush with the tops of the finished threads is found as follows : 

Radius of wire section (see table) == side opposite = side adjacent 

X tan 37°45' - X 0.77428 = 0.257447 P, and diameter of 

wire = 0.5149 P. 

Holding Work and Wires for Thread Measurement 

Figure 15 shows a fixture for holding both work and wires while 
measuring threads by the three-wire system. It consists of a 
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Table 45.—Brown and Sharpe 29-Degree Worm Thread Parts 



P 

D 

P 

w 

T 

A 

c 

S 

B 

Number of 
Threads Pa 
Inch 

Pitch of 
Single 
Thread 

Depth of 
Thread 

Width of 
Top of 
Thread 

•stsa 

Thickness of 
Thread at 
Pitch Line 

Thread 
Above Pitch 
Line 

Clearance at 
Bottom of 
Thread 

•g-a 

•Sfig- 

gan 

Thickness at 
Root of 
Thread 

I 


.6866 

•3350 



•3183 

•05 


.69 


.8 

•5492 

.26^ 



.2546 

.04 

•532 

•552 

ij 

.6666 

•4S77 

•2233 

.2066 

•3333 

.2122 

•0333 

•4433 

•4599 

’ 2 

•5 

-3433 

.167s 

•1530 

.2500 

-1592 

.0250 

•3325 

•34S 

2i 

4 

.2746 

.1340 

.1240 

.2000 

•1273 

.0200 

.2660 

.276 

3 

•3333 

.2289 

.1117 

•1033 

.1666 

.1061 

.0166 

.2216 

.22Q9 

3i 

•2857 

.1962 

•0957 

.0886 

.1429 


.0143 

.1901 

.2011 

4 

.250 

.1716 

.0838 

•077s 

.1250 

.0796 

.0125 


•1725 

4i 

.2222 

.1526 

.0744 


.nil 

.0707 

.0111 

.1478 

•1533 

5 

.2 

•1373 

.0670 



.0637 

.0100 

•1330 

.138 

6 

.1666 

.1144 

•0558 

•°5i7 

•0833 

•0531 

.0083 

.1108 

•IIS 

7 

.1428 

.0981 

.0479 

•0443 

.0714 

•0455 

.0071 

•09s 

.0985 

8 

•12$ 

.0858 

.0419 

.0388 

.0625 

.0398 

.0062 

.0818 

.0862 

9 

.nil 

.0763 

•0372 

•0344 

•0555 

•0354 

•0055 

•0739 

.0766 

10 

.10 

.0687 

•0335 

.0310 

.0500 

.0318 

.005 

.0665 


12 

•0833 

•0572 

X )279 

.0258 

.0416 

.0265 

•0042 

^551 

•0575 

16 

.0625 

.0429 

joaog 

.0194 

.0312 


.0031 

.0409 

.0431 

20 

.050 

•0343 

J0167 

•0155 

.0250 

.0159 

.0025 

•0332 

.034s 


V block, an adjustable clamp, and two adjustable brackets. One 
end of the work is clamped in the V block, and the measuring wires 



Fig. 14. —Measuring Brown 
and Sharpe Worm Threads 



Fig. 15. —Holding Wires for 
Measurement 


are suspended from the upper bracket, which has saw cuts for the 
suspension wires or strings to slip into. The hands are left free for 
manipulating the micrometer. The handles, or grip ends, of the 
measuring wires are drilled for the suspension wires or strings. 
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Worm threads formed by milling or grinding have convex instead 
of straight sides. The best wire should touch the threads at the 
pitch diameter. 


MEASURING INTERNAL THREADS 

To avoid the expense of threaded plug gages for larger size 
internal threads, this method (Fig. i6) was devised by William S. 
Rowell. Its greatest advantage over plug gages is that it can be 
used before work is to size. A plug cannot enter until work is to 
size or too large. A suitable size of internal micrometer is provided 
with ball contact points suitable for thread to be gaged. The 
slotted sleeve 5 —i inch long—is to facilitate entering and removal 
from work. 



Fig. i6. —Measuring Internal Threads 


In use, M is computed for the thread to be measured and the 
gage set to Af, in order to read plus or minus. The thimble is 
turned to slightly minus. Sleeve S is removed and the rod tele¬ 
scoped in to enter the gage into the work. With S replaced, the 
thimble is turned out until balls contact thread grooves, as shown. 
Remove S and telescope the rod in. Remove the gage from the 
work, replace 5 , and note reading or measure with an outside 
micronieter. M may be computed by square root or trigonometry. 
Both methods are here given for a 4-^ screw, 5 inches D, U.S. form. 
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Given D = 5 inches. 

p ^ 0,2$ inch. 
d = 0.15 inch. 

M is the measurement over the balls required. 

Then; f — q ~ 0.03125 inch. 

o 

Since a 60-degree thread is specified: 

tan 60° = 1.7320 — h i 

and h = ^■73 ^oXo,P3 I2_5 ^ ^ 

2 

But Di = D -]r 2h — 2d because the distance between the root 
of the thread and the center of the ball is the hypotenuse of a 
30-60-90-degree triangle, of which the radius of the ball is the 
smallest side, that is, the hypotenuse ae equals twice the radius or d. 

Then Da = 5 -f- 2 X 0.02706 — 2 X 0.15 

= 5 + 0.05412 — 0.30 = 4*75412. 

Square-root method: 

M = Mi ■\-d = + oc* + d. 

But ac = - = 0.125. 

2 

M = V(4.75412)* -h (0.125)2 -h 0.15 
= 4*7557 -f 0.1$ = 4*9057 inches. 
Trigonometric method: 

M — M2 + d = see abc X be d. 

^ , ac 0.125 , 

tan abc = — =-^ = 0.02620. 

be 4*75412 

Then abc = i°$o'22" 

sec abc — 1.00035. 

M =* 1.00035 X 4*75412 + 0.15 

= 4*7557 + 0.1$ = 4*9057 inches. 

CUTTING SCREW THREADS 

Nearly all lathes are geared so that if gears having the same 
number of teeth are placed on both stud and lead screw, a thread 
the same pitch as the lead screw, will be cut. This is called being 
geared “even.’’ If the lathe will not do this, then find what thread 
will be cut with even gears on both stud and lead screw and consider 
that as the pitch of lead screw. In speaking of the pitch of lead 
screw, it will mean the thread that will be cut with even gears. 

In cutting the same thread with even gears, both the work and the 
lead screw are turning at the same rate. To cut a faster thread, the 



78 


SCREW THREADS 


lead screw must turn faster than the work, so the larger gear goes 
on the stud and the smaller on the lead screw. To cut a slower 
thread (finer pitch or less lead), the larger gear goes on the screw and 
the smaller on the stud. 

Calling the lead screw 6 to the inch, what gears shall we use to 
cut an 8 thread? 

Multiply both the lead screw and the thread to be cut by some 
number (the same number for both) that will give two gears you 
have in the set. If the gears vary by 4 teeth, try 4, and you get 
24 and 32 as the gears. If by 5, you get 30 and 40 as the gears. 
Then as 8 is slower than 6, the large gear goes on the lead screw and 
the small one on the stud. 

To cut an 18 thread with a 5-pitch lead screw and gears varying 
by 5 teeth: 5 X 5 = 25 and 5 X 18 = 90. There may not be a 90 
gear, but you can use a 2 to i compound gear and use a 45 gear 
instead. That is, put the 25 gear on the stud, use any 2 to i com¬ 
bination between this and the 45 gear on the screw. 

The 25 gear must drive the large gear of the 2 to i combination 
and the small gear drive the 45-tooth gear, either directly or through 
an intermediate. 

In cutting fractional threads the same rule holds good. To cut 
iij threads with a 6-pitch lead screw and gears that change by 4 
teeth, use 4 X 6 = 24 and 4 X ni = 46, with the 24 gear on the 
stud and the 46 on the screw. With gears changing by 5 this is 
not so easy, as 5 X iii = 57J, an impossible gear. Multiplying 
by 10 would give 60 and 115, not much better. Multiply by 6, 


Having, 

To Find 

Rule 

A = True lead of screw 
and 

B = Thread to be cut 

C = Gear for stud 
and 

D = Gear for screw 

Multiply both A 
and B by any one 
number that will 
give gears in the 
set. Put gear A 
on stud and gear 
B on lead screw. 

A — True lead of screw 
B = Thread to be cut 

C = Gear for stud 

D = Gear for screw 

Multiply B hy C 
and divide by A . 

A =» True lead of screw 

B =* Thread to be cut 

D =s Gear for screw 

C *= Gear for stud 

Multiply A hy D 
and divide by B, 

A True lead of screw 

C « Gear for stud 

D « Gear for screw 

B = Thread that 
will be cut 

Multiply A hy D 
and divide by C 
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and get 6 X 6 = 36 and 6 X iii =* 69, neither of which is in the 
set. Gears of 35 and 70 teeth will cut 12 threads per inch. 

To find what thread any two gears will cut, multiply the pitch of 
lead screw and the gear which goes on it and divide this by the gear 
on the stud. Suppose we try 40 on the stud and 75 on the lead 
screw. Multiply 75 by 6 = 450 and divide by 40 which gives iij 
as the thread that will be cut. Try 45 and 80. 6 X 80 ~ 480; 

divided by 45 = lof, showing that the 40 and 75 are nearest and 
that to cut it exactly a special gear will have to be added to the set. 
In reality, the gears would not change by 5 teeth with a 6-pitch lead 
screw. 

The ratio between the pitch of the lead screw and of the thread 
to be cut must be the same as the ratio between the gear on the 
stud and the gear on the lead screw. 

Rules for screw-cutting may be summed up as follows, always 
remembering that the pitch of the lead screw is the thread that 
will be cut when gears having the same number of teeth are placed 
on both screw and stud. 

As most engine lathes now have quick-change gear boxes, it is 
only necessary to learn the proper position of the gear-change lever, 
or handle, for each thread or feed. This can readily be done from 
the plate on the lathe itself. 

Gears for Screw-Cutting 

Gear trains for screw-cutting are usually arranged similarly to 
the illustration. Fig. 17. If the gear E on the lathe spindle has the 
same number of teeth as the gear II on the stud 5 , the lathe is 
geared even, that is, gears having the same teeth placed on both 
stud and lead screw will cut a thread like the lead screw. As shown, 
the gears are out of mesh because the tumbler gears F and G do not 
mesh with E; but moving the handle I down throws F into mesh 
with E so the drive is through E, E, G, E, S and intermediate to L, 
driving it so as to cut a left-hand screw if the lathe has a right-hand 
lead screw, as is usually the case. Raising handle I reverses the 
direction of the lead screw by driving through E, G, H, S, and L. 

To follow the motion of a train of gears, take a stick (or your 
finger if they are not running) and trace the motion from the driver 
to the end as shown by the dotted lines in i 4 , E, C, 2?. 

When a lathe is compound geared, the stud gear drives an auxil¬ 
iary gear as A, which multiplies or reduces the motion as the case 
may be. It will readily be seen that if the stud drives A and B 
drives L, the motion will be exactly doubled because A has one-half 
the number of teeth in B. 

METRIC THREADS 

Metric threads are measured in millimeters but often stated by 
the threads per centimeter. Any lathe with a pair of compound or 
“translating gears” with 50 and 127 teeth can cut metric threads, 
the large gear being driven from the stud. Then the gears for the 
number of threads per centimeter are figured the same as threads 
per inch, as on page 78. 
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The gears for millimeter threads can be easily found by a simple 
rule. Put the i27>tooth gear on the screw. The gear for. stucf is 
found by multiplying the number of threads per inch of the lead 
screw by the pitch to be cut in millimeters and by 5. 

Example. —To cut 2-millimeter pitch on a lathe with a lead 
screw having 4 threads per inch. The driving gear on the stud will 
be 

Lead screw (4) X millimeters (2) X 5 = 40, the two gears being 
40 on stud and 127 on screw. 

Example. —To cut a lo-millimeter thread with a 5 -pitch lead 
screw. 

Lead screw (5) X millimeters (10) X 5 = 250, the gears being 
250 on stud and 127 on screw. 

It will frequently be necessary to compound the gears to get the 
desired ratio with the gears in common use. 

HELIX ANGLE OF SCREW THREADS 

The helix angle of screw threads varies with both the diameter 
and the lead of the screw. The larger the diameter the less the 
helix angle for the same lead screw. The helix angle is used in 
grinding thread tools, and the pitch diameter should be considered 
instead of the outside. 

The helix angles for standard threads are given in Table i on 
page 5. For other diameters and leads the following formula can 
be used. 


Helix-Angle Formula 
P — single threads per inch. ^ = lead = L. 

(j 

D = pitch diameter of work in inches, tt = 3.1416 = 

C = pitch circumference of work in inches = tD. 

I 

L lead P f r 1 

C = circumference of work = 

Find angle in table of tangents 

While the formula is forked out for single threads, it can be used 
for double or triple threads by considering the lead equal to the 

advance of the work in one revolution instead of as given in the 

formula. 

It is customary in many shops to have several thread tools in 
stock to cut these various thread angles, eagh cutting within a 
certain range of angles. This table will be useful in determining 
the best range for each thread tool. 

Figures i8 and 19 show side and front elevations of the thread tool 
and of the protractor as applied to obtain the proper angle of side 
clearance to cut a right-hand screw thread. The front edge of the 
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thread tool is used to determine the angle of side clearance. Figure 
20 shows a section taken along the line ah^ Fig. i8. It will be 



Fig. 20 


Fig. 21 

The Use of the Protractor 


noticed that line ef is shorter than GH to give clearance to the cut¬ 
ting edges of the thread tool, and also that GR is equal to HR, and 

Table 46.—Multiple Thread Cutting 


Threads 
per Inch 

Thread 

Multiple 

Carriage 

Movement 

Lathe Screw 
Thd's per In. 

ij-f 

2 

l" 

Any 

li-i 

3 

Cannot be split 
this way. 


li-j 

4 

i" 

Any even thd. 


2 

2", 

Any 

if-l 

3 

li" 

6 


4 

1" 

Any 


2 

2" 

Any 


3 

Cannot be split 
this way. 


2^1 

4 

i" 

Any 

2|~| 

2 

i" 

Any 

2J —4 

3 

i" ! 

3, 6, 9, 12. 


‘ 4 

i" 

Any even thd. 

3 -i 

2 

i" 

Any even thd. 

3 -I 

3 

Cannot be split 
this way. 



4 

i" 

4 
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es is equal to fs. The thread tool must be set at the center as in 
Fig. 21 in order to cut a thread at the proper angle. 

MULTIPLE THREAD CUTTING 

Table 46 on page 82 will be found useful when cutting mul¬ 
tiple threads. When one thread is cut, the feed nut may be opened 
(the spindle, of course, being stopped) and the carriage moved along 
by hand the distance given in the table; the nut is then closed on 
the screw and the next thread cut. This is a quick and sure method 
of starting the second, third, or fourth thread where the lead screw 
of the lathe is of the pitch given in the table. 

Table 47.— Double Depth of Threads 
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To determine whether multiple thread can be spaced by carriage 
movement, change the threads to be cut into a common fraction. 
Divide the numerator by the thread multiple. If it divides evenly, 
the thread cannot be spaced by moving the carriage. If it does 
not divide evenly, move the carriage the distance obtained by 
dividing the thread multiple into the denominator. The rule and 
examples given are by T. J. Lee. 

The carriage can, of course, be moved i inch and the nut closed, 
no matter what the pitch of the lead screw may be (unless it is 
fractional), but in order to close the nut after moving i inch, the 
screw must have some even number of threads per inch. 

As will be seen by referring to the table, a lead screw with any 
even number of threads per inch is used in a number of cases, while 
in several other instances the screw may be of any pitch—either 
odd or even. In certain cases, 4 and 8 per inch lead screws are 
specified; and in cutting triple threads a 6 per inch screw is usual. 

This gives the depth to allow for a full thread in a nut or similar 
piece of work for threads for 2 to 90 per inch, regardless of the diam¬ 
eter. A special nut for a 2-inch bolt, 20 threads per inch, American 
Standard would have a hole 2.0 — 0.06495 = 1.93505 inches in 
diameter bored in it. It is generally better to allow for three- 
quarters depth than a full thread. 

FACEPLATE FOR MULTIPLE THREAD CUTTING 

Figure 22 shows a faceplate fixture used on various numbers of 
threads. On an ordinary driving plate is fitted a plate having, as 



Fig. 22. —Faceplate for Multiple Thread Cutting 


shown, twelve holes enabling one to get two, three, four or six leads 
if required. This ring carries the driving stud, and is clamped at 
the back of the plate by two bolts as an extra safeguard. All that 
is necessary in operation is to slack off the bolts, withdraw the 
index pin, i^ve the plate the number of holes required, and 
retighten the bolts. It is used on different lathes, as occasion 
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requires, by making the driving plates alike and drilling a hole for 
the index pin. It is found that the index pin works best when made 
taper, and a light tap is sufficient to loosen or fix it. Multiple threads 
can all be cut at the same time, using a properly located tool for 
each lead. The finishing cut is usually made with a single tool. 

CUTTING DIAMETRAL PITCH WORMS IN THE LATHE 

The accompanying table is to be used in cases where fractional 
worm-thread cutting is necessary for diametral pitch worm 
threads to mesh into diametral-pitch worm gears. 

Formula: “ ^ 'dlateUarpitch } = 

The ratio 355:113 is more accurate than 22:7 but requires odd 
gears; a 71-tooth gear and a 5: i compound give 355. 

Table 48.— Change Gears for Diametral Pitch Worms 



Diametral 

Pitch 

JOJCI 

UoQ 

Width of 
Tool Point 

A 

Width of 
Top of 
Thread B 

Pitch of Lead Screw 

2 

3 

4 

5 

6 

7 

8 

10 

a 

1.078'' 

.487" 

.526" 

V 

¥ 

V 

¥ 

¥ 

¥ 

¥ 


ai 

.863*^ 

•390'' 

t42i; 

n 

W 


¥ 


V 

¥1? 

W 

3 

.719' 

• 335*' 

•350^ 

n 

V 

S! 


¥ 

¥ 


w 

3i 

,616^ 

.278'^ 

.300^ 

IS 

W 

w 

W 


¥ 

W 


4 

•540^ 

•243* 

.363*' 

¥ 


V 

H 

¥ 

¥ 

¥ 

¥ 

5 

.431' 


.310'^ 

it 

IS 

SI 

¥ 

W 

¥ 

¥1^ 

¥ 

6 

.360*' 

.162*' 


U 

¥ 

It 

H 

¥ 

¥ 

If 

W 

7 

.308'' 

•139*' 

.150*' 

u 

IS 

IS 

¥3^ 

W 

¥ 


W 

8 

.270^ 

.133*' 

•IJI' 

\k 

ss 
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SCREW THREADS 


In the first column is found the diametral pitch to be cut. In the 
^second column is found the corresponding single depth of the worm 
thread. Under the third column is found the width of the tool at 
the point, the tool being the regular 29-degree included angle. In 
the fourth column is found the width at the top of the worm thread. 

The next heading in the chart is “Pitch of lead screw,” and here 
are found different pitches of lead screws 2 to 10. 

Example. —Suppose it is desired to cut a worm thread of 4 diame¬ 
tral pitch on a single-geared lathe having a 6-pitch lead screw. 
Opposite 4 in the first column find the single depth of worm thread, 
or 0.540 inch; and continuing in the same direction from left to 
right, under the next column find the width of the worm-thread tool 
at the point or end, which is 0.243 inch, and so on to the next column, 
where is found the width of the worm thread at the top, which is 
0.263 inch. Say there is a 6-pitch lead screw on the lathe. Then 
follow right on in the same direction to the column headed 6, which 
shows the gear ratio to be Of course, there is no 7 gear on the 
lathe, so simply bring the fraction ^ to higher denominations, say 
V X f =*= If, that is, put the 99 gear on the spindle or stud, and 
the 21 gear on the screw. Then use a gear of any convenient size 
to act as an intermediate gear, and thus connect the gear on the 
spindle with the gear on the screw. Taking the fraction ^ and 
multiplying the numerator and denominator by 4 would give as 
the two gears to be used. It will be seen that this last fraction 
simply changes the number of teeth in the gears but does not 
change the value of the fraction; thus, there is the same ratio of 
gears. 


LEAD GEARS FOR DIAMETRAL PITCH WORMS 

C. A. Johnson, Perkins Gear & Machine Company, presents 
another method. Practically all spur, helical, aud bevel gears are 
now made to the diametral pitch system because of the simplicity 
of its calculations. Worm gearing has been made to the circular- 
pitch system because of the ease of gearing a machine to produce 
worms with leads which are simple fractions. This practice is now 
being gradually superseded by the diametral pitch system. The 
one disadvantage, that of calculating change gears, is obviated by 
Table 49, page 88, giving the four gears necessary to produce 
the correct lead on a worm of any diametral pitch from i to 60 and 
any number of threads from i to 8. 

The diametral pitch is found at the left-hand side of the table, and 
in the column under the desired number of threads is found the 
change gears which will produce the correct lead. The table 
is divided horizontally into three sections. Gearing for the coarse 
pitches (i to 4) is calculated for a machine with a 3-inch constant, 
that is, a machine which will produce a lead of 3 inches with equcU 
gears. The medium pitches (5 to 20) are calculated for a machine 
with a i-inch constant, and the fine pitches (22 to 60) are calculated 
for a machine with a |-inch constant. In every case the largest 
gears to produce the desired ratio are given. For some ratios these 
may be factored if smaller gears are desired. All of the gear ratios 
in the table are the closest to the desired ratio which may be 
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obtained using gears with tooth numbers from 24 to 100. The 
required gears are as follows: 

3-inch machine—35 gears in all 

1 each—24, 2S, 28, 30, 34, 35, 36, 42, 43, 44, 47, 48, 51, 55, 60, 61, 

62, 68, 70, 72, 7S, 77, 84, 86, 88, 89, 95,98, 99. 

2 each—25, 50, 100. 

I-inch machine—59 gears in all 

1 each—25, 27, 28, 29, 31, 32, 33, 34, 35, 40, 41, 42, 43, 44, 45, 47 

48, 51, 52, 55, 5b, 58, 59, 61, 62, 63, 64, 6s, 66, 68, 70, 72, 

73, 76, 77, 78, 80, 81, 82, 84, 8s, 86, 87, 88, 89, 90, 91, 93 

94 , 95 , 9b, 98, 99 - 

2 each—50, 7S, 100. 

J-inch machine—62 gears in all 

1 each—26, 27, 28, 29, 31, 32, 33, 34, 35, 41, 42, 43, 44, 4S, 4b, 47, 

48, 5^, 52, 55, 5b, 57, 58, 59, bi, b2, 63, 64, 65, b8, 69, 70 

73, 7b, 77, 78, 79, 80, 81, 82, 84, 85, 86, 87, 88, 89, 90, 91, 

92, 94 , 95 , 9b, 98, 99 - 

2 each—50, 66, 75, 100. 


It may be necessary to cut a worm on a machine of different con¬ 
stant than that for which the change gears are tabulated. The 
procedure for finding the correct set of gears is as follows: 

Suppose that a 3 D.P. gear is to be cut on a 2-constant machine. 
The gears for a 3-constant machine are of 34, 75, 77, and 100 teeth. 
To maintain the same lead on the worm, however, it will be neces¬ 
sary to increase the ratio of the change gears in the ratio of 3 to 2. 

Thus, ^ , which by factoring becomes , 

2 X 75 X ICX3’ ^ 100 X 100 
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SECTION II 


PIPE AND PIPE THREADS 


AMERICAN STANDARD PIPE THREADS 

The American or Briggs Pipe Thread Standard was formulated 
by Robert Briggs prior to 1882. It has been modified to conform 
to pitch diameter instead of outside diameter, and the tables now 
given have been approved by the leading technical associations, 
through the American Engineering Standard Committee. Although 
the tables and illustrations appear quite different than in previous 
editions, the essential dimensions are very similar. 

Diagram Showing Notation of American Standard Taper 
Pipe Thread (see Table i) 

A = D — (o.osD -H 

5 = A + 0.0625F. 

E =« (0.80D 4 - 6.8)P. 

Depth of thread => 0.80P. 



Pitch Diam ofThrmi 
at Gaffing Nof(;A 


a0lofPlp9 


Pitch Dram, of Tfrread 
«ii£aiQfPipt 

A « D — (o.osD*f i.i)P jB«A + o.o 62SP E 
Thrd. = 0.8P 

Fig. I. —Standard Notations (see Table i) 


P(o.8D+6.8) Depth of 


The taper is i to 16 inches, or J inch per foot. The thread 
angle is 60 degrees measured from the axis of the pipe. Mr. Brigp 
originally advocated rounding the threads, but they are slightly 
flattened to 0.033 of the pitch instead. The formula now gives the 
elective length of thread, that includes two threads slightly imper¬ 
fect, while the old formula gave the length of perfect threads (see 

Fig. i). 

Diameter of Taper Tliread.—The pitch diameters of the taper 
thread are determined by formulas based on the outside diameter 
of pipe and the pitch of thread. These are as follows: 

A ^ D (o.osoD 4 - i.i)F. B ^ A + 0.0625^ 
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where A = pitch diameter of thread at end of pipe. 

B — pitch diameter of thread at gaging notch. 

D = outside diameter of pipe. 

F = normal engagement by hand between external and 
internal threads. 

P = pitch of thread. 

Length of Thread.—The length of the taper external or male 
thread is determined by a formula based on the outside diameter 
of the pipe and the pitch of the thread. This is as follows: 

E = (o.8oZ> 4 - 6.8)jP 

where E = length of effective thread. 

D — outside diameter of pipe. 

P — pitch of thread. 

Depth of thread = 0.80 P. 

For engagement of threads, see F in Table i. 

Gages and Methods of Gaging 

Gages to maintain interchangeability of product properly should 
consist of master gages, reference gages used for checking working 
gages (see Figs. 2,3, and 4), and working gages used for checking the 
product. The dimensions and use of these gages are described 

Master Gage.—The master gage is a taper-threaded plug gage. 
This should be accompanied by two taper-threaded ring gages 
(known as checks) to afford ready comparisons. The plug gage is 
made to the dimensions given in Table i, and shown in the diagram 
and in Figs. 2,3, and 4. It includes the gaging notch, or the differ¬ 
ence between E and F in Table i. 

One ring (check) has a thickness equal to dimension F, is the same 
diameter at the small end as the small end of the plug gage, and is 
flush with the plug gage at the small end and at the gaging notch 
when screwed on tight by hand (see Fig. 2). This check will be 
fitted to its master. 

The other ring (check) has a thickness equal to dimension F, but 
is threaded for a distance equal to E minus F. It is the same 
diameter at the large end as the large end of the plug gage. The 
distance equal to F is counterbored and unthreaded (see Fig. 3). 
This check will also be fitted to its master. 

The roots of the threads are cut to a sharp V, or may be undercut 
beyond the sharp V to facilitate making the thread (see Fig. 4). 
The crests are truncated^ an amount equal to o.iP, as illustrated in 
Fig. 4. 

Master gages and their checks are primarily for the use of gage 
and thread-tool manufacturers, and for very accurate reference in 
checking gages. 

Reference Gage.—The reference gage consists of one taper- 
threaded plug gage and two taper-threaded ring gages. The plug 

1 The object of truncating the crests on gages (truncation o.iP) is to insure 
that, when gaging a commercial thread cut with a slightly dull tool, the gage 
hears on the sides of the thread instead of on the roots. 



92 


PIPE AND PIPE THREADS 


gage is made to the dimensions g|iven in Table i and shown in Figs. 
2, 3, and 4. It includes the gaging notch. 

One ring gage has a thickness equal to dimension F, is the same 
diameter at the small end as the small end of the plug gage, and is 
flush with the plug gage at the small end and at the gaging notch 
when screwed on tight by hand (see Fig. 2). 


Lower Ring 
Gage for 
Checking 
Small End 
of Plug Gage 

\ 


^af small erii 

Taper 1 in 16 
measured 
on diameter 

Fig. 2 


I Upper Ring 

! j Gage for 
I I Checking Top 
j of Plug Gage 



O.IP1fc 



Fig. 4 

’^Roofs undercuffo 
facHifafe grinding 

Orests truncated 0,1 P 


Reference Gages for Checking Working Gages 



Working Gages for Checking Product 

Figs. 2 to 6 


The other ring gage has a thickness equal to dimension E but is 
threaded for a distance equal to E minus F. It is the same diameter 
at the large end as the large end of the plug gage. The distance 
equal to F is.counterbored and unthreaded (see Fig. 3). 

Working Gage.—The working gage consists of one taper-threaded 
plug gage and one taper-threaded ring gage. The plug gage is 
made to the dimensions given in Table i, and shown in Figs, s and 6. 
It includes the gaging notch. 

The ring gage has a thickness equal to dimension F and is the 
same diameter at the small end as the small end of the plug gage 
(see Big. s). 
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The crests are truncated an amount equal to o.iP, The roots 
are cut to a sharp V, or may be undercut beyond the sharp V to 
facilitate making the thread (see Fig. 6). 



Fig. 10 Fig. ii Fig. 12 


Gaging Taper External Threads.—In gaging external or male 
threads, the ring gage, Fig. 5, should screw tight by hand on the 
pipe or male thread until the small end of the gage is flush with the 
end of the thread (see Fig. 7). 



Fig. 13.—Diagram of Pipe Gage Thread 

Gaging Taper Internal Threads.—In gaging internal or female 
threads, the plug gage. Fig. 5, should screw tight by hand into the 
fitting or coupling until the notch is flush with the face. When 
the thread is chamfered, the notch should be flush with the bottom 
of the chamfer. 









94 


PIPE AND PIPE THREADS 


This method of gaging is used either for taper internal (female) 
threads or for straight threaded couplings which screw together 
with taper external (male) threads (see Figs. lo and 13). 

GAGE AND WORKING TOLERANCES 

Gage Tolerances.—In the manufacture of gages, variations from 
basic dimensions are unavoidable. Furthermore, gages will wear 
in use. In order to fix the maximum allowable variations of gages, 
tolerances have been established. 

Master-Gage Tolerances.—Master gages should be made within 
the narrowest possible limits of error, and checks should be fitted to 
their masters. Each master gage should, in addition, be accom¬ 
panied by a record of all measurements and a statement of the 
decimal part of a turn that it varies, plus or minus, from the basic 
dimensions. 

Table 2, column i, is used when checking gages by measurement. 

No point on the thread surface of the gage should be outside 
of the zone of tolerance indicated by the shaded portion of the 
illustration. 

The dotted line indicates the outline of a perfect gage made 
exactly to the basic dimensions. 

A = basic pitch diameter at small end of gage. 

B = minimum pitch diameter at small end of gage. 

C — maximum pitch diameter at small end of gage. 

B = A — Column i from Table 2 for reference gages. 

C = A 4 - Column i from Table 2 for reference gages. 

Column 2 gives the equivalent of column i, expressed in terms of 
distance parallel to the axis, and represents the maximum distance 
that a reference ring gage of perfect thickness or a reference plug 
gage of perfect length from small end to gaging notch may vary 
from being flush at the gaging notch or at the small end, when 
referred to basic dimensions. It is equal to 16 times column i, 
owing to the basic taper of i in 16, measured on the diameter. This 
column is used when checking reference gages by comparison with 
a master gage. The necessary allowance must be made, of course, 
for the error in the master. 

Column 3 gives the equivalent of column 2, expressed in terms of 
the decimal part of a turn from the basic dimensions. This column 
is also used when checking reference gages by comparison with a 
master gage. In this operation the necessary allowance must be 
made for the error in the master. 

A tolerance of plus or minus 0.0002 inch (9.005 millimeter) is 
allowed on the distance between the gaging notch and the small 
end of the reference plug gage, or on the thickness of the reference 
ring ga^e. It is possible for reference plug and ring gages which 
come within all of the above tolerances to vary from being flush 
with each other at the small end, or at the gaging notch, when 
screwed together tightly by hand. The maximum variation which 
might occur., .expressed in terms of distance, is given in column 
4. and gages Vhich come within these limits should be checked by 



STRAIGHT PIPE THREADS 


95 


measurement before being rejected. Working gage tolerance is 
twice the tolerance allowed in the reference gages. 

Manufacturing Tolerances.—The maximum allowable variation 
in the commercial product is one turn plus or one turn minus from 
the gaging notch when using working gages (see P'igs. 8, 9, ii, and 
12). This is equivalent to a maximum allowable variation of one 
and one-half turns from the basic dimensions, owing to the allow¬ 
ance of one-half turn on working gages. 

Figure 13 is a diagram of a pipe-thread gage. 

STRAIGHT THREAD AND ITS USES 

While the taper external and internal threads are recommended 
for threaded joints for every service, there are certain uses for a 
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straight pipe thread. Straight threaded female wrought-iron or 
wrought-steel couplings of the weight known as “standard” may 
be used with taper-threaded pipe for ordinary pressures, as they 
are sufficiently ductile to adjust themselves to the taper male 
thread when properly screwed together. (For dimensions, see 
Table 4.) For high pressures, however, only taper-threaded pipe 
and fittings should be used. 

Straight male threads are recognized only for special applications, 
such as long screws and tank nipples. 

In gaging, the American taper working plug gage is used, allow¬ 
ing the same tolerance from the notch as for a taper thread (see 
Fig. 14). The straight thread on the pipe enters the coupling freely 
by hand, the joint being made by a packing material between the 
locknut and the coupling. 









Table i.—Dimensions op American Standard Taper Pipe Thread. See Fig. 
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Further investigation by com¬ 
mittees of the American Standards 
Association found it desirable to 
flatten or truncate the thread at the 
bottom as well as at the top, as 
mentioned on page 93. The original 
standard set a truncation of 0.033 
X pitch for all threads. This has 
now been increased to a maximum 
of 0.096 X pitch for twenty-seven 
threads per inch and 0.073 X pitch for 
eleven and one-half threads per inch. 
Complete data requiring twelve new 
tables, can be secured from the 
American Standards Association, 
New York Central Office Building, 
New York. * 

Figure 14a shows \he truncations 
and how they are designated. 
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Table 4.— Dimensions of American Standard Straight Pipe 
Thread 
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98.776 

0.10000 

2.540 

8 

80 

4 ^ 

100 

4.38713 

III.433 

0.10000 

2.540 

8 

80 

4i 

I13 

4-88594 

124.103 

0,10000 

2.540 

8 

80 

5 

12$ 

5.44929 

138.412 

0.10000 

2.540 

8 

80 

6 

150 

6.50597 

165.252 

0.10000 

2.540 

8 

80 

7 

175 

7.50234 

190.560 

0.10000 

2.540 

8 

80 

8 

200 

8.50003 

215.90 J 

0.10000 

2.540 

8 

80 

9 

225 

9.49797 

241.249 

0.10000 

2.540 

8 

80 

10 

250 

10.62094 

269 772 

0 10000 

2 540 

8 

80 

II 

275 

11.61938 

295-133 

0 10000 

2.540 

8 

80 

12 

300 

12.61781 

320.493 

0.10000 

2.540 

8 

80 

14 O.D. 

350 

13.87262 

352.365 

0 10000 

2.540 

8 

80 

's s-s- 

375 

14.87419 

377.805 

0 10000 

2.540 

8 

80 

16 O.D. 

400 

15.87575 

403.245 

0 TOOOO 

2.540 

8 

80 

17 O.D. 

42s 

16.87500 

428 626 

0.lOOOO 

2.540 

8 

80 

18 O.D. 

450 

17.87500 

454.026 

0.10000 

2.540 

8 

80 

20 O.D. 

500 

19.87031 

504.707 

0.10000 

2.540 

8 

80 

22 O.D. 

550 

21.86562 

555-388 

0.10000 

2.540 

8 

80 

24 O.D. 

600 

23.86094 

606.069 

0.10000 

2.540 

8 

80 

26 O.D. 

650 

25.85625 

656.758 

0.10000 

2.540 

8 

80 

28 O.D. 

700 

27.85156 

707.431 

0.10000 

2.540 

8 

80 

30 O.D. 

750 

29.84687 

758.112 

0.roooo 

2.540 

8 

80 
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Table 5.—Drill Sizes for American Taper Pipe Taps for 
Tapping without Reaming 



Threads | 
per 

Inch 

Root Diam. 
Small End 
of Tap in , 
Inches 

Root Diam, 
Small End 
of Pipe and 
Gage in 
Inches 

Tap Drill 

Size 

Decimal 

Equivalent 



27 

0.314s 

0.3339 

R 

0.339 



18 

0.4043 

0.4329 

A 

0.437 



18 

0.5393 

0.5676 

II 

0.578 



14 

0*6651 

0.7013 

II 

0.719 




0.8751 

0.9105 

ii 

0.921 

I 


Hi 

I .1017 

1.1441 

I A 

1.156 

Ij 


Hi 

I.4447 

1.4876 

Ii 

1.500 

I] 



1.6828 

1.7265 

lil 

1.734 

2 


iij 

2.1578 

2.1995 

2* 

2.218 



8 

2.5617 

2.619s 

2i 

2.625 

3 


8 

3.1828 

3■2406 

3 } 

3.250 

3l 

8 

3.6789 

3 7375 

3i 

3.750 

4 

1 

8 

4-1750 

4 2344 

4i 

4-250 


BRASS TUBE SIZES FOR CHANDELIER WORK 


Table 6.—Tubing, Joints and Fittings for Chandeliers ark 
OF the Following Sizes 


Outside Diameter 
or Trade Name 

Outside Diameter 
of Thread 

Number of Threads 
to the Inch 

i 

0.265 

27 

P 

0.327 

27 

1 

0.390 

27 

ft 

0.452 

27 

i 

0.515 

27 

fs 

0.577 

27 

I 

0.640 

27 

i 

0.76s 

27 


French chandelier work uses tubing ii millimeters (0.433 inch) 
in diameter, with a thread of i.3-inillimeter pitch, (0.05 inch or 
about 20 theads per inch). 













Table 7.—Dimensions of American Standard Locknut Thread 
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PIPE USED IN OIL-WELL WORK 

Pipes for both oil-transmission lines and for oil-well casings have 
been standardized by the American Petroleum Institute, known as 
the A.P.I. Bessemer, open-hearth, or electric steel of good welding 

Table 8.—Tapers and Tolerances of Well Casings 



When taper per foot is 
specified as: 


A Inch 

1 1 Inch 

\ Inch 

Maximum taper, inches 

1 

4 

A 


Minimum taper, inches 

A 


Ii 


quality, may be used for all pipe. Open-hearth iron with an 
impurity content of not more than of i per cent may be used. 
Furnace-welded pipe 3 inches or under may be butt-welded, but 
pipe over 3 inches must be lap-welded. Plain-end pipe for welding 
is usually beveled 37J degrees, with a width of flat of ^ inch and a 
tolerance of inch in either direction. 

American Standard form of thread is used but is sometimes 
rounded, instead of flattened. For line pipe the taper is nominally 
} inch per foot with f| as a minimum and \l inch as a maximum. 
Well casings are made with three tapers, as in Table 8. Line pipe 
follows standard practice. Well casings are shown in Table 9. 
All dimensions are in inches and measured at the standard tem- 

E erature of 68°F. Casing threads are shown in Table 10. Casings 
ave an average length of 20 feet 

Standard drill pipes are from 2J to inches outside diameter 
with specials of 2J, 7f, and 8| inches. Dimensions are shown in 
Table ii, also the form of thread. Drill pipe is made in lengths of 
20 to 22 feet and 27 to 30 feet. 
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Table q.—A.P.I. Standard Casing.— Continued 
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WELL CASING THREADS 
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Table ii. —A.P.I. Standard Drill-Pipe Threads* 

(Size of Drill Pipe Indicates Outside Diameter; All Dimensions in Inches at 68®F.) 
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PIPE AND PIPE THREADS 



except where^ such materials have the sar 
recess dimensions as the drill-pipe couplings. 
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PIPE AND PIPE THREADS 


Gage tolerances are shown in Table 12. 

Table 12.—Tolerances from Basic on Gages for Casing, 
Drill Pipe and Tubing 

(All Dimensions in Inches at 68°F., except Thread Angles, Which 
Are in Minutes of Arc) 


Item 

Tolerances 

For 1 Inch 
Taper* 

For } Inch 
Taper* 

Pitch diameter on plugs. 

±.0005 
±.0003 
±.0005 
±.0005 
—.0000 

~.0002 

—.0012 
±10' 

±IS' 

±.0010 
+.0005 
±.0008 
±.0010 
-- .0000 

—.0002 

—.0012 
±10' 

±15' 

Lead on plugs. 

Lead on rings. 

Taper on plugs. 

Taper on rings. 

\ thread angle on plugs. 

\ thread angle on rings. 



♦ Taper, as used herein, means total or measured on the diameter.' 



Fig. 15.—Hughes Oil Tool Acme Thread for Oil Tools 

Hughes Acme Thread Tool Joint 

The Hughes “ Acme^’ tool joint thread is cut normal to the slope 
of the taper as shown. The threads are 4 per inch. Clearance 
top and bottom of thread = 0.010 inch. The taper of this joint = 
8 degrees with center line or i6 degrees included angle. There is 
3I inch taper per foot. 

BRITISH STANDARD PIPE THREADS^ 

British pipe ends are shown in Fig. 16 and gaged with a plain 
tapered ring gage, Fig. 17. The step is the tolerance. Pitch and 

^ By permisMor British Engineering Standards Committee. 










BRITISH PIPE GAGES 


III 


form of thread are checked with a profile or comb gage. Inside 
thread diameters of couplings and fittings are checked by gages 
having threads with sharp angles that will bear only on the roots of 


Af/Jt Ltngih of Threodf-Cd t 

K—^.H 

ofGageDiam. 



Conedi hn IG measured''* 
on fhediamehr 


-It 


-Co/.// 


^■\a9iA 


Col. 10 


Figs, i6 and 17.— British Pipe and Ring Gage 


Gage fo D/am, 
See Co/. 3 \ 


c 


Taper / m 16 
measured on 
diamefer 
Fig. 18.—British Plug Gage 



the threads. Such a gage is shown in Fig. 18. The distance from C 
to D is the difference between columns 10 and ii in the table. 
When screwed in by hand, C must go inside coupler and D must 
remain outside. The gage in Fig. 17 is used in the same way. 
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PIPE AND PIPE THREADS 


The Three-Wire Method of Measuring Pitch Diameter 
of Taper Pipe Threads 

In the measurement of the pitch diameter of a taper pipe thread, 
it is necessary to locate one measuring wire at a definite position 
on the taper. This may be at any convenient length (Z) from the 
end of the thread. 

A known position can be located with a 6o-degree gage block 
accessory point as shown in Fig. 18a at A. A combination of blocks 
is made such that the cone point is a known distance above a sur¬ 
face plate, say 0.250 inch, and the thread gage is moved into contact 



Fig. i8a.—The 3-Wire Method of Measuring Pitch Diameter of 
Taper Pipe Threads. 

with the cone point and rotated until the cone point excludes light 
on both sides of the thread. A mark is then placed on the side of 
the next thread with a soft lead pencil, prussian blue, or similar 
marking device. 

One wire is then placed in the thread at the known distance from 
the end and the two other wires are placed opposite. The reading 
over the three wires will be at an angle to the axis of the thread/and 
therefore the following formula must be used: 

r ? tjt f 0.866 o2 \ 

E * T.00049 ^ ( 3^^ — —— j 

or 

F 1.00049 M — best wire constant 




MEASURING PIPE THREADS 
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The pitch diameter at any other point is then computed by add¬ 
ing or subtracting the amount of taper from the diameter measured 
to the diameter desired. The taper is 0.0625 inch per inch on 
diameter. 

Example. —Three-wire method of measuring pipe threads. 

Given: A i-inch 14-taper pipe thread gage. 

One wire is located 0.250 inch from small end. 

14 pitch best wire diameter = 0.04124 inch 
Best wire constant = 0.06186 inch 

Measurement over three wires = 0.8360 inch 
Computations: E — 1.00049 X 0.8360 inch — 0.06186 inch 

~ 0.83641 inch 

— 0.06186 inch 


E at 0.250 inch 
R at gaging notch 
0.320 inch from 
end 


Basic at gaging 
notch 

Amount oversize 


0.7745s inch 


0.77455 inch + (0.320 inch — 0.250 inch) 
X 0.0625 ii^ch 

0.77455 inch -f 0.070 inch X 0.0625 i^ch 
0.77455 inch 
4-0.00438 inch 
0.77893 inch 

0,77843 inch 
0.00050 inch 
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PIPE AND PIPE THREADS 


The Two-Wire Method of Measuring Pitch Diameter 
of Taper Pipe Threads 

In the two-wire method, the micrometer or measuring instrument 
is constrained so that the measuring surfaces are parallel to the axis 
of the thread. One wire is then located at a known distance from 



Fig. iSb .—The 2-Wire Method of Measuring the Pitch Diameter of 
Taper Pipe Threads. 

the end of the thread, and the other wire is placed opposite a half¬ 
thread distance toward the small end of the taper and then opposite 
a half thread distance toward the large end of the taper. Two 
measurements are made, and the average of these two is used 
instead of 1,00049 M. The two-wire method is more accurate than 
the three-wire method because it measures the actual taper of the 
thread. It also simplifies computations. 

The pitch diameter at any other point is then computed by add¬ 
ing or subtracting the amount of taper from the diameter measured 
to the diameter desired. The taper is 0.0625 inch per inch on 
diameter. 



MEASURING PIPE THREADS iiid 

Example. —Two-wire method of measuring pipe threads. 

Given: A i inch = iij taper pipe thread gage. 

One wire is located 0.300 inch from small end. 

IIJ pitch best wire diameter = 0.05020 inch 
Best wire constant = 0.07529 inch 

Measurement over wires (small) = 1.3065 inch 
Measurement over wires (large = 1.3093 inch 
Measurement over wires (average) = 1.3079 inch 
Formula E = Average measurement — best wire 

constant 

Computations: E — 1.3079 inch — 0.07529 inch 

= 1.3079 inch 

—0.07529 inch 

E at 0.300 inch = 1.23261 inch 

E at gaging notch 0.400 inch 

from small end = 1.23261 inch -f (0.400 — 0.300) 

X 0.0625 inch 

= 1.2361 inch -f 0.00625 inch 

- 1.23261 inch 

+0.00625 inch 

E at gaging notch . = 1.23886^^^^ 

Basic E at gaging notch = 1.23863 inch 

Amount oversize — 0.00023 inch 



(Dimensions in Inches) 
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PIPE AND PIPE THREADS 


Table 14.—Metric Pipe Threads 


Nominal Inside 
Pii^ Diameter 
in Inches 

Inside Pipe 
Diameter in 
Millimeters 

External Thread 
Diameter in 
Millimeters 

Internal Thread 
Diameter in 
Millimeters 

Number of 
Threads 
per Inch 

1 

ti 


10 

8.3 

28 

i 

6.35 

13 

II -3 

19 

1 

9-52 

16.S 

14.8 

19 

} 

12.70 

20.5 

18.2 

H 

1 

15-87 

23 

20.7 

H 

3 

i 

19.05 

26.5 

24.2 

14 

1 

25.40 

33 

30 

1 II 

li 


42 

39 

II 

li 


48 

45 

• II 

i! 


52 

49 

II 

2 

50.30 

59-7 

56.7 

II 


63-50 

76 

73 

II 

3 

76.20 

89 

86 

II 


88.90 

101.5 

98.5 

II 

4 1 

101.60 
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NATIONAL (AMERICAN) STANDARD FIRE-HOSE 
COUPLING SCREW THREAD 

This standard covers the threaded part of fire-hose couplings, 
hydrant outlets, stand-pipe connections, Siamese connections, and 



Fig. 19.—Standard Hose Couplings 


all other special fittings on fire lines where fittings of 2i, 2, 3i, 
and 4i inches nominal diameter are used. It should be noted also 
that they determine the size of the finished product and not of 
the threading ^tools. The Standard fire-hose coupling screw thread 
is the American (National) Standard form. 










FIRE HOSE COUPLINGS IIS 


Table 15. —Characteristics of the National Standard Fire- 
Hose Coupling Screw Thread 
_(All Dimensions in Inches) 


C Nominal inside diameter of hose coup- 





ling. 

2 \ 

7} 

3 

3 i 

6 

4i 

4 

N Number of threads per inch. 

6 

L Total length of threaded part of coup- 




ling and hydrant nipple, external thread 

I 

li 

li 

li 

I Distance from face of nipple to start of 





second turn. 

i 

A 

A 

A 

H Depth of coupling swivel to washer seat 

M 

lA 

lA 

lA 

J Distance from face of coupling swivel to 



i 

i 

start of second turn. 

A 

i 

T Depth of thread of coupling swivel. 

a 

H 




Table 16.—^Limiting Dimensions for Threads of Coupling 
Swivels and Hydrant Caps (Internal^) 

_(All Dimensions in Inches)_ 


Nominal 

Size 

: No. of 
Threads 
per 

Inch 

Min. 

Major 

Diam- 

eter* 

Pitch Diameter 

Minor Diameter 

Max. 

Min. 

Max. 

Min. 

2.500 

7-5 

3 0836 

1 

3.0130 

2.9970 

2.9424 

2.9104 

3.000 

6.0 

3 6389 

3-5486 

3-5306 

3-4583 

3-4223 

3-500 

6.0 

4,2639 

4 -1736 

4-1356 

4-0833 

4-0473 

4.500 

4.0 

s ■ 7839 

5-6485 

5-6233 

5-5111 

3.4611 


Table 17.—Limiting Dimensions of Threads of Coupling and 
Hydrant Nipples (External^) 

(Dimensions in Inches)_ 


Nominal 

Size 

No. of 
Threads 
per 

Inch 

Major Diameter 

Pitch Diameter 

Max. 

Minor 

Diam¬ 

eter* 

Max. 


- Max. 

Min. 

2.500 

7-5 

3.0686 

3 - 0366 

2.9820 

2.9660 

2-8934 

3.000 

6.0 

3.6239 

3-5879 

3-5136 

3-4976 

3-4073 

3-500 

6.0 

4-2439 

4.2079 

4-1356 

4.1176 

4-0273 

4-500 

4.0 

5.7609 

5 -7109 

5 -5983 

5-5735 

5 -4361 


The largest nipple is purposely made smaller in diameter than the 
smallest coupling in order to insure a fit loose enough so that these threads 
can be assembled quickly regardless of the presence of dirt, burrs, bruises, etc. 

• These dimensions correspond to the basic flat (tP). *The profile at the 
major diameter of the coupling, produced by a worn tool, must not fall below 
the basic outline, but a new tool may be made with a fl 4 l at the point as 
small as -^P (p « pitch of thread). 

3 These dimensions are figured to the intersection of/tpe worn-tool arc with 
a center line through crest and root. New tools may be made to give a 
minimum minor diameter of the nipple as small as that corresponding to a 
fiat of 1^ p. 



















Il6 PIPE AND PIPE THREADS 

Table i8.—^Limiting Dimensions of Field Inspection Plug 
Screw Thread Gages for Coupling Swivels and Hydrant 
Caps (Internal) 

(Dimensions in Inches) 


Nom- 

No. of 
Threads 
per 
Inch 

“Go” or Minimum 

Gage 

“Not Go” or Maximum 
Gage 

inal 

Size 

Major Diam. | 

Pitch Diam. 




Max. 







Min. 

2.500 
3.000 

3.500 

4.500 

7*5 

6.0 

6.0 

4.0 

3.0846 
3 .6399 
4.2649 
5.7869 

3.0836 

3.6389 

4.2639 

5.7859 

2.9980 
3.5316 
4.1566 
5.624s 

2.9970 

3.5306 

4.1556 

5.6235 

3.0836 

3.6389 

4.2639 

5.7859 

3.0826 

3.6379 

4.2629 

S.7849 

3.0130 
3.5486 
4.1736 
5.6485 

3.0120 

3.5476 

4.1726 

5.647s 


Notes.—( a) The minor diameters of plug thread gages are undercut below 
the nominal minor diameter to give clearance for grinding or lapping. 

(6) The allowance variation m lead between any two threads not farther 
apart than the length of engagement is ±o.oooS inch. 

(c) The aUowable variation in one-half angle of thread is ± lo minutes. 

(d) The diameters of the “not go” fiel(^ inspection plain plug gages are the 
same as those given for the maximum minor diameter of couplings given in 
Table is. 


Gaging Standard Fire-Hose Coupling Screw Threads 

National (American) Standard Fire-Hose Coupling Screw Thread 
will be inspected in the field by plug and ring gages made within 



Nipple 

This Oage Must Screw On Ih'sGoge Must Not Screw This Gage Must Not 
QiiMoreThcinTwo(2)Tuni& Slip Op Nipple 



Couptihg 


|This Goge Must Not Scre»^i 
^In MoreThanTwo(2)Turns 


This Gage Must Not 
Enter Coupling 


Fig. 20.—Gages for Standard Hose Couplings 


the limiting dimensions given in Tables 17 to 19. These will be in 
the hands of the representative of the purchaser, who will in most 
cases be the Fire Chief or the Supenntendent of Water Works, 
or both. 1 












INSPECTION GAGES 
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The manufacturers’ gages should, therefore, be made an appre¬ 
ciable amount within the limiting dimensions of these field inspec¬ 
tion gages, by whatever amount may be desired, so as to allow for 
gage wear and also to avoid, as far as possible, disagreements which 
might otherwise arise due to slight differences in the dimensions of 
the gages. 

Table 19.—Limiting Dimensions of Field Inspection Ring 
Screw Thread Gages for Coupling and Hydrant Nipples 
(External) 

(Dimensions in Inches) 



No. of 
Threads 
per 
Inch 

**Go*’ or Maximum 
Gage 

“Not Go" or Minimum 
Gage 

inal 

Size 

Pitch Diam. 

Minor Diam. j 

Pitch Diam. | 

j Minor Diam. 


Max. 






Max. 

1 Min. 

2,500 

3.000 

3.500 

4.500 

7-5 

6.0 

6.0 

4.0 

2.9820 

3.5156 

4.1356 

5.5985 

2.9810 
3.5146 
4.1346 
5^5975 

2.9104 

3.4223 

4 0473 

S.4011 

2.9094 
3.4213 
4.0463 
5.4601 

12.9670 
' 3.4986 
4.1186 

5.5745 

2.9660 
3.4976 
4.1176 
5.5735 

2.9114 
3.4233 
4.0483 
5.4621 

■ 


Notes. — (a) The major diameters of the ring thread gages are undercut 
beyond the nominal major diameters to give clearance for grinding or 
lappinfl^ 

(b) The allowable variation in lead between any two threads not farther 
apart than the length of engagement is ±0.0005 inch. 

(c) The allowable variation in one-half angle of thread is ± 10 minutes. 

(<!) The diameters of the ‘'not go ” field inspection plain ring gages are the 

same as those given for the minimum major diameter of nipples given in 
Table 16, 


Pipe Threads for Rail Fittings 

New standards for pipe threads will include those used for rail 
fittings. The same pipe threads will be used for each diameter of 
pipe, but the thread is shorter to permit the use of the larger diam¬ 
eter of the thread and add strength to the joint. 

On pipe up to and including 2 inches, the three end threads are 
omitted, and on pipe from 2 to 4 inches, there are four threads 
omitted from the end of the pipe. 

Plug and ring gages for these rail joints will be made to corre¬ 
spond to the shorter threads. 

















SECTION III 


DRILLING! 

Two fluted twist drills are standard tools for cutting holes in 
solid metal. Drills with three or four flutes are used for enlarging 
cored holes. The flutes are usually milled from the solid and are 
frequently polished to help chip removal. Twist drills are made 
with a slight taper from the point to the shank, being about 0.0005 
inch smaller per inch of length, back of the point. Drills are seldom 
depended upon to give highly accurate holes as the hole drilled 
depends upon the way the drill is ground and upon the material 
being drilled. Plastics and similar materials seem to close in after 



1 2 3 4 5 

Fig. I. —Five Common Drill Shanks: i, Bit Stock; 2, Straight; 

3, Taper with Tang; 4, Ratchet; 5, Blacksmith 

the hole is drilled or tapped. While reamers usually give more 
accurate holes than drills, extreme accuracy is only secured by 
single point (sometimes called “diamond”) boring, grin^ng, or 
lapping. Figure i shows five common drill shanks. 

Drill sizes are designated in four ways: By numbers. No. 80 to 
No. I (0.0135 to 0.228 inch); by letters, from A to Z (0.234 to 
0.413 inch); by fractions from to 3J inches, by sixty-fourths from 
i to i}, by thirty-seconds from to 2^, and by sixteenths from 
2A to 3J; and by millimeters from 0.5 to 10 millimeters, by tenths 
of millimeters, up to 10 millimeters, and by half millimeters on 
larger sizes. AU four designations are combined in one table 
on page 137. 

Most drills larger than i inch in diameter are made with taper 
shanks. These snanks have been adopted as a standard by the 

1 Many of the new data in this section are due to T. P. Githens, Engineer 
of Cleveland Twie^ I^U Company. 
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DRILL POINTS 


American Standards Association, and are in universal use. Taper 
shank standards are given later in Sec. XVII. Sizes below 
i inch are usually in the straight shank style because they are more 


Shank 
^chamfer 
% . \ 




Margm 


L Gage line Land'' Flule' I 

r'/englh--^ .. ' 

K.-. Overall leng rh— .->j 

YShank lenglh'^ lengih , 

n 'Tang length j —Body length - 

- -- I - 


^Lapd 

' \Ldnd Margin 
■>| Clearance 
J M-fbrn t length 


l«- -Flute length -3 

Fig. 2.—Names of Drill Parts 


^ ^ ^length ^ 

•ll 

(O'S _ 




Fig. 3. —Straight Shank Drill 
of land ^'Web th/ckness 

(a / wiMof 

N u X > ^ f \ '/Land 

i clearance 

\ "Depth of land clearance 

\ behind margin 

^g~^^Depth of land clearance 

V clearance Surface 

Fig. 4. —Names of Drill Point Parts 

economical to buy this way. Many satisfactory drill chucks for 
driving these straight shank drills are on the market. 

Twist drills are end-cutting tools used for originating or enlarging 
holes. They are made by forming, in a cylindrical piece of steel. 
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DRILLING 


two equal and opposite helical grooves or flutes of such shape as to 
allow suitable cutting edges on the cone-shaped end, to provide 
channels for the egress of chips, and to permit the lubricant to get to 
the cutting edges when the drill is working in a hole. 

There are three main parts of the twist drill: the shank, the body 
and the point (see Figs. 2 to 5). 



Fig. 5.— Cutting and Clearance Angles 


DRILL NOMENCLATURE 

Shank Terms 

The shank is that portion of the drill by which it is held in the chuck or 
spindle. It may be cylindrical, tapered, square or otherwise. 

Taper Shank. —This is generally a Morse taper which is in universal use. 

Straight Shank. —The straight shank is nominally the same diameter as 
the drill. 

Square Shank. —The square shank is a tapered square for use in bit brace 
or ratchet. 

Shank Length. —Measured along the axis from the end of the recess to the 
extreme end of the shank on taper shanks, and from end of flutes on small 
straight shank drills which have no recess. 

Taper Shank Size. —Determined by diameter at gage line and diameter 
at small end. Values are given in tables of tapers in drill catalogs. Morse 
tapers are given in section XVIII. 

Tang. —Sometimes called “tongue.” A flatted portion on the end of the 
shank to fit a special holder to assist in driving the drill. May be on either 
straight or taper shank but is most common on the latter. Tang is not 
intended to carry the entire torque load of drilling. 

Tang Length. —Measured along the drill axis from the extreme end to 
where the radius runs out. 

Tang Thickness. —Distance between flat surfaces. 

Dii^g Flats. —One or more flats milled on a straight shank to fit a 
special chuck to assist in driving. 


Body Terms 

Body. —Part of the drill between the shank and the point, but not includ¬ 
ing either of them. 

Asit. —^Lin^ about which the drill revolves. The longitudinal center line. 

Overall Length. —From shank end to the outer comers of the cutting lips. 
Does not include conical cutting point. 

Recede or Neck. —Part between the body and the shank. Formed on the 
larger use drills only. Generally smaller than the body. Commonly used 
for stamping and of steel, and maker's name. 
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Body Diameter. —Diameter of the drill measured across the margins, 
just behind the point. 

Body Back Taper. —Slight taper of body making it smaller at the shank 
end to reduce friction. Sometimes called longitudinal or body clearance or 
relief. Usually about o.ooos inch per inch of length. 

Flute. —A groove, either helical or straight, extending from the point 
almost to the recess. A drill may have one or more flutes. 

Flute Length. —Measured along the axis, from the back end of the flutes 
to outer comers of the point. 

Flute Run-out.— Where the bottom of the flute rises to join the body 
periphery. 

Web. —Central portion of the body that joins the ribs. Front end of the 
web forms the chisel edge and is the supporting section of the drill. It 
gradually increases in thickness toward the shank. 

Web Thickness. —The least dimension between the bottoms of the flutes. 
Generally measured at the point. 

Web Increase. —Increase in web thickness from the point of the drill to 
the back end of the flutes; generally expressed as included taper per inch, in 
thousandths of an inch per inch. 

Rib. —Metal portions of the drill body between the flutes. They provide 
strength and rigidity to the drill. 

Land. —The periphery of that portion of the drill body not cut away by 
the flutes. 

Margin. —The narrow strips protruding above the land clearance along 
the leading edges of the lands. They determine the diameter of the drill. 

Width of Margin. —The width measured at the body diameter, at right 
angles to the helix angle, and along a chord from one edge of the circum¬ 
ferential margin to the other. 

Heel. —Back edge of the rib formed by the intersection of the flute and 
the land clearance surface. 

Land or Body Clearance.— That portion of the rib that has been cut away 
so it will not rub against the walls of the hole. 

Depth of Clearance. —Amount the land has been recessed to form the 
clearance. 

Radial Clearance. —Depth of clearance that is the same at all points 
along the land. 

Eccentric Clearance. —Clearance increases uniformly from the margin to 
the heel of the adjacent flute. 

Clearance Diameter. —Diameter of the cleared part of the land measured 
across the heels. 

Helix Angle of Flutes. —Angle of leading edge of land with the axis of 
drill. Some are made with uniformly decreasing helix angle from point 
to shank. 

Lead of Flutes. —Linear distance measured along the axis between cor¬ 
responding points on the flute in one complete turn of the flutes. 


Point Terms 

Drill Point.—The entire cone shaped portion at the cutting end of the 
drill. The surfaces are ground to form sha^ .cutting edges. 

Chisel Edge.—Short line across the point connecting the bottoms of 
the flutes. 

Lip.—Cutting edges of drill extending from chisel edge to the periphery. 

Point Angle.—A mIc included between the cutting lips. 

Lip Clearance.—Shape of the drill point back of the cutting edge. At 
any point of the cutting edge it is the angle between a tangent to the surface 
at that point and a line at right angles to the axis of the drill. 

Lip-Clearance Angle at the Periphery.—Angle between a tangent on the 
surface back of the cutting edge at the periphery, and a line at right angles to 
the axis of the drill. 

Rake Angle (in relation to work).—Angle between the leading edge of the 
land and the axis at the drill point. 

DRILL-POINT GRINDING 

Fully 95 per cent of drilling troubles are due to improper grindii^ 
of the point. It is important that every mechanic learn how a drill 
point should be ground. 
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To get the maximum efficiency and full life of a properly made 
and tempered drill, it must be properly ground at the point. This 
point must have (i) both lips at same angle to the axis of the drill, 
Fig. 6; (2) both lips the same length, Fig. 6; (3) correct amount or 
angle of clearance, Fig. 7; (4) correct shape of clearance, Fig. 8. 



Experience shows that 12 degrees, Fig. 7, is the best angle of lip 
clearance, at the periphery of the drill. This angle should be 
increased gradually as the center of the drill is approached, and 
when the point is correctly ground, the line across the center of the 
web stands at an angle of approximately 135 degrees with the cut¬ 
ting edges as shown in Fig. 8. The failure to give sufficient angle of 
lip clearance at the center of the drill is the principal cause of split¬ 
ting drills up the web. 

The cutting edges must be at equal angles and of equal length. 
When the point is central but the angles of the cutting edges are 



Fig. 9 Fig. 10 Fig. ii 
Figs. 9-1 i. —Point with Unequal Lips 


different, the drill will bind on the side of the hole opposite to the lip 
which is cutting. It will drill too large a hole, and all the work will 
fall on the one cutting edge. Figure 9 illustrates this condition. 

When the point is ground with equal angles but with cutting 
edges of different lengths, the point will no longer be central and the 
condition shown in Fig. 10 will result. 

When both angle and length of cutting edges are wrong, the drill 
will be laboring under the severe conditions shown in Fig. ii. 

Every point of a drill lip when at work travels in a helix. Each 
point travels in a helix of the same lead but with a different diam¬ 
eter, depending on its distance from the axis. A point near the axis 
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travels on a helix of larger angle than one near the periphery, hence 
the clearance should be greater nearer the center than at the 
periphery. 

In Fig. 12 Af By Cj Dy Ey and O represent the cutting edge of a 
drill. As the drill makes one revolution, the cutting edge moves 
forward the depth of feed. Line AM represents the feed, and MO 



Fig. 12. —Varying Clearance Angle of Drill Point 


the circumference of the drill. Angle AOM represents the helix 
angle of the helix over which point A travels, and also represents 
the minimum lip-clearance angle at point A for this feed. 

For point £, the feed is still the same, but the circumference SO 
is much smaller, and the helix angle EOS is much greater. Thus 
the clearance angle ground on the lip should be greater nearer the 
center than at the periphery. 



Fig. 13.—Practical Way to Get Clearance 


Many attempts have been made to sharpen twirt drills with this 
theoretically correct clearance. One way would bc^to revolve the 
drill on its axis and reciprocate it with a cam, so that every point 
of the lip followed its proper helix. In practice this weakens the 
chisel edge, unless compensating motions are used. 
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The most practical way to obtain this drill point clearance is 
to use a type of machine which grinds a segment of a cone, as in 

Fig. 13, about an axis AB which is at 
an angle to both the drill lip EF and 
the axis of the drill CD. Axis AB is 
also a slight amount above the drill 
axis. When one lip is ground, the 
drill mufet be removed and the other 
lip placed in position for grinding. 
Here points near the center of the drill 
oscillate about shorter arcs and re¬ 
ceive more clearance than points near 
the periphery. 

A similar type of point formed in a 
slightly different manner is shown in 
Fig. 14. Here the lip clearance is 
generated as a segment of a cone in a 
different way by revolving the drill 
-Another Method axis JifN. This axis is at an 

angle to drill axis PQ and is also offset 
below the drill axis. Rotation about axis M iV, while the point is 













Flot point Reduced 
rake point 


Long point 



Double angle Spur point Crankshaft Percussion drill 


point 


drill point point 

Fig. 15. —Nine Useful Drill Points 


held against a grinding wheel, causes the lip clearance to assume the 
shape of the cone RST. 
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KINDS OF DRILL POINTS 

Nine kinds of drill points in common use are shown in Fig. 15. 
All have been developed for the purpose named. A point angle of 
118 degrees included, or 59 degrees on a side, has been standardized 
for general work. This point works well in most grades of carbon 
and alloy steels. 

The thinned web point is used when the drill has become so 
shortened by use that the web is too thick for economical drilling. 
The thinning is done on a round-faced wheel. Care must be taken 
to see that the web remains central. Thinning of the web reduces 
the thrust load on the drill point. 

The flat point is often of advantage in drilling hard or tough 
materials. An angle of about 140 degrees included is used. For 
drilling manganese rails this point is often used with a drill length 
about one-half the regular. A point having an included angle of 
12$ to 130 degrees is used to drill heat-treated steels, such as drop 
forgings, etc., having Brinell hardness of 228 and higher. 

The reduced rake point is used also for drilling hard materials. 
It is made by grinding off the sharp angles of the cutting edges to 
form a rake at the immediate point of o degree. It is also used in 
drilling soft materials like brass, where the regular point has a 
tendency to “hog in” or “grab.” 

The long point is used in drilling wood, bakelite, hard rubber, and 
fiber. It is also recommended for materials like very soft cast iron. 
For molded plastics some use 60 degrees with wide, polished flutes. 

The double-angle point has great endurance for fast drilling of 
cast iron and in very hard chilled iron where excessive wear on the 
corners of normal points occurs. Beveling the corner also helps 
eliminate the revolution marks left by the drill in a hole. Some 
claim that beveling the corner adds 200 to 300 per cent to the life 
of the drill on some jobs. 

The spur point is well adapted to machine drilling of wood and 
has been used for years on carpenter’s auger bits and the like. Its 
advantage lies in the center prong, which locates and guides the 
drill, and in the two peripheral spurs, which cut the sides of the hole 
true with a knifelike cut. 

The crankshaft, or notched, point is-most often used on special 
crankshaft drills. These drills have a very heavy web and are 
long in relation to their diameters. They are used in the auto¬ 
motive field for drilling oil holes in crankshafts and connecting rods., 
The point is produced by notching off the heels on a sharp-cornered 
wheel. 

The percussion point has been developed and patented for use on 
a special drill for stone, concrete, or brick. It is much more 
efficient than a star drill and can be used by hand, in an electric 
drill, or in an air hammer. The point is produced by grinding 
on the flat side of a wheel. 

DRILLING SPEEDS AND FEEDS 

The following recommended speeds and feeds should be considered 
as guides only, owing to the variations in materials, methods, and 
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other operating conditions. The correct speeds and feeds must be 
determined by sound judgment for each particular case. 

Feeds are governed by the size of the drill and the material 
drilled. The general rule is to use a feed of o.ooi to 0.002 inch per 
revolution for drills smaller than | inch; 0.002 to 0.004 i^^ch for drills 
i to J inch; 0.004 to 0.007 inch for drills J to ^ inch; 0.007 to 0.015 
inch for drills ^ to i inch; and 0.015 to 0.025 inch for drills larger 
than I inch. Alloy and hard steels should generally be drilled at a 
lighter feed than given above, while cast iron, brass, and aluminum 
may usually be drilled with a heavier feed. 

A drill split up the web is evidence of too much feed or insufficient 
lip clearance at the center due to improper grinding. The rapid 
wearing away of th^ extreme outer corners of the cutting edges 
indicates that the speed is too high. The best results will be 
obtained when the effect of the work on the tool is somewhere 
between the above conditions. A drill chipping or breaking out 
at the cutting edges indicates that either the feed is too heavy or 
the drill has been ground with too much lip clearance. Drill 
troubles are tabulated on page 128. 

Table i.—Suggested Speeds for High-Speed Drills 

Speed in Feet 
PER Minute 


Mild machinery steel, 0.2 to 0.3 % carbon. 80 to 110 

Steel, 0.4 to 0.5 % carbon. 70 to 80 

Tool stecL 1.2 % carbon. SO to 60 

Steel forgings. 50 to 60 

Alloy steel. 50 to 70 

Stainless steel. 30 to 40 

Soft cast iron. 100 to 150 

Hard chilled cast iron. 70 to 100 

Malleable iron. 80 to 90 

Ordinary brass and bronze. 200 to 300 

High-tensile bronze. 70 to 150 

Monel metal. 40 to 50 

Slate, marble, and stone. 15 to 25 

Aluminum and its alloys. 200 to 300 

Magnesium and its alloys. 250 to 400 

Bakelite. 100 to 150 

Wood.. 300 to 400 


Carbon drills should be run at speeds of from 40 to so per cent of those 
given above. 

LUBRICANTS OR CUTTING COMPOUNDS 

To maintain the recommended speeds and feeds it will be neces¬ 
sary to use some good cutting compound. The following are 
recommended in the order named: 

Hard and refractory steel—turpentine, kerosene, soluble oil. 

Soft steel and wrought iron—lard oil, soluble oil. 

Malleable iron—soda water. 

Brass—dry. 

Aluminum and soft alloys—kerosene, soda water. 

Cast iron—dry or with a jet of compressed air for a cooling 
medium. 

The above recommendations for lubricants apply equally well 
to carbon or high-speed drills. 
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A drill tempered to give maximum results drilling hard steel 
might be too brittle to work well in softer and tougher materials. 
The commercial twist drill is tempered for either hard or soft 
material. Variations in the hardness of the material drilled should, 
of course, be met by the skilled operator with changes in the speed 
and feed. 

Insufficient speed in drilling small holes with hand feed greatly 
increases the risk of breakage, especially at the moment the point 
of the drill is breaking through the farther side of the work. This 
is due to the operator’s inability correctly to gage the feed when 
the drills are running too slow. 

High speeds and light feeds are especially recommended for 
automatic machines where holes do not exceed four diameters of 
the drill in depth. For holes deeper than four diameters an oil 
hole or oil-tube drill will often be found advantageous. 



Fig. 16 Fig. 17 

Figs. 16 and 17.—Thinning the Web 


Nothing will “check” a high-speed drill quicker than to" turn a 
stream of cold water on it after it has become heated working in a 
hole. It is equally bad to plunge it in cold water after the point 
has been heated in grinding. The small checks or cracks resulting 
from the above practice will eventually chip out and cause rapid 
wear or breakage. 

Drills that are properly hardened and pointed and run at moder¬ 
ate speeds and feeds are often condemned on account of breakage 
when the trouble rightly should be charged to the drilling machine. 
If there is any spring or play between the upper part of the machine 
and the table, the drill will not begin to cut until the feed pressure 
has taken this up, after which the feed will be practically constant 
until the point of the drill breaks through. As this happens, the 
resistance to the penetration of the drilLis abruptly reduced and it 
“hogs in.” This causes a great increase in torsional strain which 
frequently breaks the drill. 

Any movement of the table with reference to the upper part 
of the machine during the drilling of a hole throws the spindle out 
of alignment with the hole and bends or cramps the drill, which 
often causes it to break. 

Maximum results as far as ease of penetration and wear are 
concerned may best be obtained by thinning the web as the drill 
is worn back. This operation may be done in several ways 
Figure 16 illustrates the method commonly used. In this case the 
thinning is done with a round-faced emery whecil. The results 
obtained are shown in Fig. 17. 
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Drilling Troubles, Causes and Remedies 


Symptoms 

Probable Cause 

Remedy 

Screaking of drill 

Spring or back lash in 
3ress or work 

Too little lip clearance 
Too low speed in pro¬ 
portion to the feed 
Flutes full of chips 

Dull drill 

Test press and work for 
rigidity and alignment 
Regrina properly 

Increase speed or de¬ 
crease feed 

Sharpen drill 

Breaking down of outer 
comers of cutting 
edges 

Material being drilled 
has hard spots, scale, or 
sand inclusions 

Too much speed 
Improper cutting com¬ 
pound 

No lubricant at point of 
drill 

Reduce speed 

Use proper cutting com¬ 
pound and correct ap¬ 
plication 

Breaking of drill when 
drilling brass or wood 

Chips clog up flutes 

Increase speed 

Use drills designed for 
these materials 

Broken tang 

Imperfect fit of taper 
shank in the socket— 
due to nicks, dirt, burrs 
of worn-out socket 

Get a new socket or 
ream old one to prevent 
recurrence 

Chipping of margin 

Oversize jig bushing 

Use proper size bushing 

Chipping of lip or cut¬ 
ting edges 

Too much feed 

Too much lip clearance 

Reduce feed—see table 
on page 126. Regrind 
properly 

Chipping or checking of 
a high-speed drill 

Heated and cooled too 
quickly while grinding 
or while drilling 

Too much feed 

Warm slowly before us¬ 
ing 

Do not throw cold water 
on hot drill while grind¬ 
ing or drilling 

Reduce feed 

Change in character of 
chips while drilling 

Change in condition of 
the drill such as chip¬ 
ping of cutting edge, 
and dulling. 

Regrind drill properly 

Hole too large 

Unequal angle or length 
of the cutting edges— 
or both. Loose spindle 

Regrind properly 

Test spindle for rigidity 

Only one lip cutting or 
one large, one small; 
chip 

Unequal length or angle 
of cutting lips or both 

Regrind drill properly 

Splitting up center 

Too little lip clearance 
Too much feed 

Regrind with proper lip 
clearance 

Reduce feed 

Rough hole 

Dull or improperly 
ground drill. Lack of 
lubricant or wrong lu¬ 
bricant 

Improper set-up 

Too much feed 

Regrind properly 
Lubricate or change lu¬ 
bricant 

Reduce feed 
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TYPES OF SPECIAL TWIST DRILLS AND THEIR USES 

While the ordinary twist drill can handle the great majority of 
drilling jobs, special circumstances may require the designing of a 
new type of drill. Some of these special tools are listed below and 
shown in Fig. 18. 

Three and Four-Fluted Drills.—Not adapted to drill holes from the solid 
but used to enlarge cored, punched, or previously drilled holes. Sometimes 
used in place of roughing reamers. 

Combination Tools.—Any combination of rotary cutting tools, such as 
drill and reamer; drill and countersink; step drill of several diameters; drill, 
reamer, countersink, etc. 

Shell Drills.—Used for the same purpose as three or four-fluted drills. 
Made with tapered hole and fit on an arbor. One size of arbor will hold a 
large range of shell drills. 

OU-Hole Drills.—Used mostly in screw-machine or turret-lathe work for 
drilling deep holes. Have one or two oil holes running from the shank to the 
cutting point, and oil may be forced through these holes for lubrication. 

Oil-Tube Drills.—Have oil tubes sunk in grooves cut in the lands of the 
drill instead of oil holes. 

Straight Fluted Drill.—These have two straight flutes running parallel 
to the axis. They are well adapted for brass, copper, or other soft metals, 
as they will not run ahead or grab. Formerly called Farmer drill. 

Dual-Cut Drills.—Two- or three-step combination drills with the lands 
of the small diameter ground to size for the full length of the flutes. 

High-Helix Drills.—Has a helix angle of about 40 degrees. Developed 
for the drilling of slate and marble. Also useful in drilling deep holes in 
aluminum, magnesium, wood, copper, and fiber. 

Bakelite Drills.—Has a wide, polished flute adapted for use in bakelite, 
fiber, and hard rubber. Generally made of high-speed steel to resist 
abrasion. 

Stove-Burner Drill.—Has a very short flute for great strength. Well 
adapted for drilling short holes in quantity. 

Brass Drills.—Usually carbon steel with special shape. Superior to 
regular drills for brass work. Also satisfactory for magnesium alloys. 

Crankshaft Drills.—^ecially designed for oil-hole drilling in crankshafts 
and connecting rods. Do not often exceed 60 diameters in length. Have 
heavy webs and must be pointed as shown in Fig. 15. Drill must be with¬ 
drawn frequently in deep-hole drilling. 

Flat-Track Drills.—Forged flat and have a special point milled on the end. 

Manganese Drills.—Developed for drilling work-hardening manganese 
steels. They are short and stubby with a heavy cross section and thick web. 
Slow speed and a heavy power feed are recommended. 

Bonding Drills.—Designed and tempered for drilling holes for bonding 
wires in track-circuit signal work. Shorter and heavier than regular drills. 

Bobbin Bit.—Developed for the drilling of deep holes in wood. Its chip¬ 
clearing ability makes it useful in drilling celluloid. 

Spoon Bit.—For drilling stacked layers of paper, cardboard, or thin wood. 
Has a crescent-moon section with sharp edges. They remove a central core 
of the material. 

Tube Drill.—For drilling holes in paper or cardboard. Similar to spoon 
bit in action. The hollow tube with sharpened ends removes a solid core. 

Router Bits.—Made in an endless variety of styles and shapes. Widely 
used in wood-carving and engraving machines. 

Glass Drills.—At least three ways of drilling holes in riass are in use. 
In one method a three-cornered file has its point ground on smooth and is 
rotated in a drill press. Another method is to use a copper tube of the 
correct diameter and apply plenty of abrasive powder to its cutting end. A 
solid copper rod may be substituted for the tube but is much slower. Liberal 
application of turpentine must be made in all cases. See Fig. 18. 

Flat Drills.—The flat drill is well adapted for very small sizes. They are 
sold in diameters as small as 0.002 inch. These tools are mostly used by 
jewelers and watchmakers, in sizes smaller than 0.010". 

Hollow Drill,—Especially adapted for horizontal screw machine use in 
drilling deep holes, such as ^n barrels. The drill is provided with a threaded 
shank. A hole through this shank runs into the flutes. The drill is screwed 
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Table 3.—Cutting Speeds 
Fraction and Letter Size Drills 


Ft. ' 

per 

Min. 

1 

30 

40 

SO 

60 



90 

100 

no 

120 

130 

140 

150 

Diam¬ 

eter, 

In. 

Revolutions per Minute 

iV 

1.833 

2,44s 

3,056 

3.667 

4.278 

4.889 

S.Soo| 

6,iiij 

6,722 

1 

7,334! 

7,945 

8,556 

9,167 

i 

917 

1,222 

1,528 

1.833 

2.139 

2.445 

2,750 

3,056 

3.361 

3,667! 

3,973 

4,278 

4,584 

A 

6n 

8iS 

1,019 

1,222 

1,426 

1,630 

1.833 

2,037 

2,241 

2.445! 

2,648 

2,852 

3,056 

i 

458 

6^ 

764 

917 

1,070 

1,222 

1,375 

1,528 

1,681 

1,833; 

1,9^ 

2,139 

2,292 

A 

367 

489 

611 

733 

8s6l 

978 

1,100 

1,222 

1,345 

1,467! 

1,589 

1,711 

1,83.1 

i 

306 

407 

S09 

611 

7i3| 

815 

917 

1,019 

1,120 

1,222, 

1,3241 

1,426 

1,528 


262 

349 

437 

524 

611I 

698 

786 

873 

960 

1,048 

I.13S! 

1,222 

1,310 

4 

229 

306 

382 

458 

535 

611 

688 

764 

840 

917 

993 

1,070 

1,146 

1 

183 

244 

306 

367 

428I 

489 

550 

611 

672 

733 

704 

856 

917 

1 

153 

203 

255 

306 

357 

407 

458 

509 

560 

611 

662 

713 

764 


131 

175 

218 

262 

306) 

349 

393 

436 

480 

524 

568 

611 

655 

I 

IIS 

IS3 

191 

229 

267 

306 

344 

382 

420 

458 

497 

535 

573 


102 

136 

170 

204 

238 

272 

306 

340 

373 

407 

441 

475 

509 

li 

92 

122 

IS3 

183 

214 

244 

275 

306 

336 

367 

397 

428 

458 

ii 

83 

III 

139 

167 

194 

222 

250 

278 

306 

333 

361 

389 

417 


76 

102 

127 

153 

178 

204 

229 

255 

280 

306 

331 

357 

382 

It 

70 

94 

I17 

I41 

I6S 

188 

212 

235 

259 

282 

306 

329 

353 

1} 

65 

87 

109 

131 

153 

175 

196 

218 

240 

262 

284 

306 

327 

If 

61 

81 

102 

122 

143 

163 

183 

204 

224 

! 244 

265 

28s 

306 

2 

57 

76 

95 

115 

134 

153 

172 

191 

210 

229 

248 

267 

287 

2t 

SI 

68 

85 

102 

119 

136 

153 

170 

187 

204 

221 

238 

255 

2) 

46 

61 

76 

92 

107 

122 

137 

153 

168 

183 

199 

214 

329 

2} 

42 

S6 

69 

83 

97, 

III 

125 

139 

153 

167 

181 

194 

208 

3 

38 

51 

64 

70 

89' 

102 

II5 

127 

140 

153 

166 

178 

191 

A 

491 

654 

818 

982 

1,145 

1,309 

1,472 

1,636 

1,796 

1,959 

2,122 

2,285 

2,448 

B 

484 

642 

803 

963 

1,124 

1,284 

1,445 

i, 605 j 

1,765 

1,926 

2,086 

2,247 

2,407 

C 

473 

631 

789 

947 

1,105 

1,262 

1.420 

1.578 

1,73^ 

1,894 

2,052 

2,210 

2,368 

D 

467 

622 

778' 

934 

1,089 

1,245 

1,400 

1,556 

1,708 

1,863 

2,018 

2,174 

2,329 

E 

458 

611 

764 

917 

1,070 

1,222 

1,375 

1,528 

1,681 

1,834 

1.968 

2,139 

3,292 

F 

446 

594 

743 

892 

1,040 

1,189 

1,337 

1,486 

1,635 

1,784 

1.932 

2,081 

2,339 

G 

440 

58s 

7321 

878 

1,024 

1,170 

1,317 

1,463 

1,610 

1,756 

1,903 

2,049 

2,195 

H 

430 

574 

718! 

862 

1,005 

1,149 

1,292 

1,436 

1,580 

1,723 

1,867 

2,010 

2,154 

I j 

421 

5621 

702| 

842 

983 

1,123 

1,264 

1,4041 

1,545 

1.685 

1,826 

1,9^ 

2,106 


414 

SS2 

690 

827 

965 

1,103 

1,241 

1,379 

1,517 

l,6SS 

1,793 

1,930 

2,068 

K 

408 

544I 

680 

8IS 

951 

1,087 

1,223 

1.359 

1,495! 

1,631 

1,7671 

1,903 

2,039 

L 

395 

527 

659 

790 

922 

1,054 

1,185 

1,317 

1,449 

i,S8i 

1,712 

1,844 

1,976 

M 

389 

518 

648 

777 

907 

Z.036I 

1,166 

1,295 

1,4241 

1,554 

1.6831 

1,813 

1.942 

N 

380 

506 

633 

759 

886 

I.012 

1,139 

1,265 

1,391 

1,518 

1.644 

1,771 

1,897 

0 

363 

484 

60s 

72s 

846 

967 

1,088 

1,209! 

1,3301 

1,450 

1.571 

1,692! 

1,813 

P 

355 

473 

592 

710 

828 

946 

i,o6s 

1,183 

1,301 

1,419 

1,537 

1,657! 

1,774 

Q 

345 

460 

575 

690 

805 

920 

1,035 

1,150 

1,266 

1,384 

1,496 

1,611 

1,726 

R 

338 

451 

564 

676 

789 

902 

1,014 

1,127 

1,239 

1,355 

1,465 

1,577 

1,690 

S 

329 

439 

549 

659 

769 

878 

98^ 

1,098 

1,207 

1.317 

1,427 

1,537 

1,646 

T 

320 

426 

533 

640 

746 

853 

9591 

1,066 

1,173 

1,280 

1,387 

1.494 

1,600 

U 

311 

415 

519 

623 

727 

830 

934 

1,038 

1.142 

1.246 

1,349 

I.4S3 

1,557 

V 

304 

405 

507 

608 

709 

810 

912 

1,013 

1.114 

I.219 

1,317 

1,418 

1,520 

W 

297 

396 

495 

594 

693 

792 

891 

989 

1,088 

1,188 

1,286 

1,385 

1.484 

X 

289 

38s 

481 

576 

672 

769 

865 

962 

1,058 

hiss 

1,251 

1.347 

1,443 

Y 

284 

378 

473 

567 

662 

756 

851 

945 

1,040 

1,135 

1,339 

1.324 

1,418 

Z 

277 

370 

462 

555 

i 

647 

740 

832 

925 

1,017 

I,no 

1 

1,202 

1,295 

1,387 
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Table 4.—Speeds and Feeds for Drills of High-Speed Steel 
IN Various Metals with a Suitable Coolant 


Size of Drill 

Feed per 
Revolution 

Bronze, 

Brass 

Alloy-Steel 
Drop- 
forging 

Cast 

Iron 

Tool and 
Carbon- 
steel Drop- 
forgings 

Mild 

Steel 

Malleable 

Iron 

Cast 

Steel 

Hard 

Cast 

Iron 

t. per Min. 

300 

so 

140 

60 

120 

90 

40 

80 

n. 

1 In. 

R.P.M. 

A 

0.0030 

18,320 

3.056 

8,554 

3,667 

7.328 

5.500 

2,445 

4,889 

ft 

0.003s 

12,212 

2.038 

5.702 

2.442 

4.884 

3,666 

1,628 

3.258 

\ 

0.0040 

9,160 

I.S28 

4,278 

1.833 

3.667 

2,750 

1,222 

2.445 

A 

0.004s 

7.328 

1,221 

3.420 

1,46s 

2,934 

2,198 

976 

1,954 

❖ 

0.0050 

6,106 

1,019 

2,852 

1,222 

2.445 

1.833 

815 

1.630 

P 

0.0055 

5.234 

872 

2.444 

1.047 

2.094 

1.570 

698 

1.396 


0.0060 

4.S7S 

764 

2.139 

917 

1.833 

1,375 

611 

1,222 


0.0065 

4.071 

678 

1,900 

814 

1.628 

1,222 

542 

1,084 

A 

0.0070 

3,660 

611 

1,711 

733 

1.467 

1,100 

489 

978 

H 

0.0075 

3.330 

SS5 

1,554 

666 

1.332 

1,000 

444 

888 

1 

0.0080 

3.050 

S09 

1,426 

611 

1,222 

917 

407 

81S 


0.0085 

2,818 

469 

1.316 

563 

1,126 

846 

376 

752 

A 

0.0090 

2,614 

437 

1.222 

524 

1,048 

786 

349 

698 

If 

0.0095 

2,442 

407 

1,140 

488 

976 

732 

326 

652 

i 

O.OIOO 

2,287 

382 

1,070 

458 

917 

688 

306 

611 

A 

0.0105 

2,035 

339 

950 

407 

814 

611 

271 

543 


O.OI10 

1,830 

306 

856 

367 

733 

550 

244 

489 


o.oiis 

1,665 

277 

777 

333 

666 

500 

222 

444 


0.0120 

1.52s 

255 

713 

306 

611 

458 

204 

407 

H 

0.0I2S 

1,409 

234 

658 

281 

562 

423 

188 

376 

i. 

0.0130 

1.307 

218 

611 

262 

524 

393 

175 

349 

H 

0.0135 

1,221 

203 

570 

244 

488 

366 

163 

326 


0.0140 

1,143 

191 

535 

229 

458 

344 

153 

306 


0.0150 

1,017 

170 

475 

204 

407 

306 

136 

272 


0 0160 

91S 

153 

428 

183 

367 

275 

122 

244 


0.0160 

833 

139 

389 

167 

333 

250 

III 

222 


0.0160 

762 

127 

357 

153 

306 

229 

102 

204 


0.0160 

705 

118 

329 

141 

282 

212 

94 

188 


0.0160 

654 

109 

306 

131 

262 

196 

87 

175 


0.0160 

610 

102 

285 

122 

244 

183 

81 

163 


0.0160 

571 

95 

267 

IIS 

229 

172 

76 

153 


Face A 


Siagger nick grooves 
{ for chip breaking 



,6rind back taper 


Faces ^ must b€ ! 
concentric with / '\ > 

0. D. within 0. OOF • 

Chisel point must be 
exactly on 4 aFdrill 




Polish face of two flutes fbr 
free movement of chips 

Fig^ 18a.—A Two-Lip Gun 
Drill Gives Production Three 
Times Faster than the Conven¬ 
tional Tool When Drilling Forged 
Barrels. 
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to the end of a substantial pipe. The work is generally rotated and 
lubricant is forced through the pipe to the cutting lips. Not made in sizes 
smaller than i inch. 

Gun-Drill Tip. —The gun-drill tip is used almost exclusively for drilling 
long small-diameter holes, such as nfle barrels. The tool is fastened to the 
ena of a long hollow rod, and the work is rotated. Lubricant is forced 
through the rod to the drill tip. The tip is of round section with a deep 
V groove milled parallel to its axis. 


Table 5.—Thrust Loads on Twist Drills* 


Diameter 
of Drill, Inches 

Feed per 
Revolution 

Thrust, in 

Cast Iron 

Pounds 

Steel 

i 

0.004 


130 

A 

0.0045 


i8s 

A 

0.00s 


245 

J 

0.006 


380 

1 

0.008 


SSO 

* 

0.010 

200 

750 

1 

O.OII 

27s 

1000 

i 

0.012 

32s 

127s 

i 

0.013 

400 

1590 

I 

0.014 

500 

1910 


0.016 

700 

2650 


0 .016 

850 

3200 


* Carl J. Oxford, National Twist Drill & Tool Co. 


Table 6.—Horse-Power Required for Drilling* 




Cast Iron 

Steel 

of Drill, 
Inches 

Revolution, 

Inches 

100 

Revolutions! 
per Minute 

100 

Surface Feet 
per Minute 

100 

Revolutions 
per Minute 

60 

Surface Feet 
per Minute 

i 

0.004 



0.010 

0.180 

A 

0.004s 



0.017 

0.240 

A 

0.005 



0.026 

0.310 


0.006 



0.050 

0.440 


0.008 



0.23 

1.28 


0.010 

0.26 

1.60 

0.34 

1.6s 


O.OII 

0.40 

2.30 

0.52 

1.90 


0.012 

0.59 

2.90 

0.77 

1 3.3s 


0.013 

0.80 

3-44 

1.06 

.78 

I 

o.oia 

1.06 

4.02 

1.40 

3.20 

li 

0.016 

1.83 

s.sft 

2 .42 

4.43 

1} 

0.016 

2.44 

6.10 

3-22 

1 

5.00 


* Carl J. Oxford, National Twist Drill & Tool Co. 


SMALL FLAT DRILLS 

Flat drills are used for very small holes such as 0.002 in. One 
maker, the Grobet File Corporation of America lists them as 
follows: 
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Grobet High-Speed Steel Flat Drills 


Len^h Over All, 
in Inches . 

Diameter Shank, 
in Inches 

Diameter Cutting Blade, 
in Inches 


j 

0.040 

0.002 


f 

0.040 

0.0025 


i 

0.040 

0.003 

1 

4 

0.040 

0.0035 

f 

f 

0.040 

0.004 

I 

f 

0.040 

0.0045 to 0.00s 

t 

I 

0.040 

0,0055 to 0,008 


i 

0.040 

0.0085 to 0,014 

t 

f 

0.040 

0.014s to 0.020 

f 

1 

0.040 

0.0205 to 0.02s 

♦ 

1 

0.040 

0.0255 to 0.030 

1 

4 

0.060 

0.030s to 0.040 

f 

f 

0.060 

0,040s to 0.055 


1 

0.070 

0.0555 to 0.06s 

1 

0.083 

0.065s to 0.080 


The length of the drill blade is about five times its diameter. 

To get the best results, the cutting and clearance angles of the 
drills vary according to the metal in which the holes are to be drilled. 
It is important to specify the kind of material on which the drills 
will be used. The speed at which the drills can be used varies 
according to the hardness of the metal. On soft metal, like brass, a 
speed of 20,000 revolutions per minute is possible, but on very hard 
steel, such as nickel-chrome steel, the maximum speed is 2,000 
revolutions per minute. However, when extremely small drills, 
0.002 to 0.010 inch, are used, the speed should be reduced even 
further. 

Drilling Armor Plate 

Use included point angle 135 to 140 deg.; clearance angle of 6 to 9 
deg. at periphery; chisel point angle of 115 to 125 deg. For shallow 
holes use 40 to 50 surface feet per minute, for deeper holes reduce 
speeds. Use feeds about 15 to 25 per cent less than for ordinary 
materials. 

Example. —A i^-inch drill at 40 surface feet per minute with 
feed of 0.010 inch per revolution. This drill should run 163 revolu¬ 
tions per minute. For 50 feet per minute, the speed would be 203 
revolutions per minute. See the table on page 134. For coolant 
use rich,mixture (8 or 10 to i) of soluble oil or good sulphurized 
cutting oil. If one side is harder than the other, drill the hard side 
first. 

Small Twist Drills 

Twist drills are made from 0.015 to 0.040 inch in diameter. 
Being long in proportion to their diameter, they are subject to 
deflection ai^d must be handled very carefully. The web, or center 
section, is much thicker in proportion to diameter than that of 
larger drills. This reduces chip space and requires more feeding 
pressure. They frequently drill comparatively deep holes and 
must be cleared ipore often than larger drills. 

Speeds and feeds must be carefully selected. The drills must be 
guided to minimize deflection and must be kept sharp. 
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Taj3Le 7.—Diameters and Areas of Small Drills 

Number, Letter, Metric, and Fractional Drills in Order of Size 


Number || 

Letter 

Metric, 

Mm. 

Fraction j 

■ 

H 

Number 

5 

•cS 

1 

2 

.3 

.i 



0.100 


0.003900 

0.0000119 



1.450 


0.057000 

0.0025440 



0 . ISO 


0.005900 

0.0000273 



1.500 


0.059000 

0.0027390 



0.200 


0.007800 

0.0000477 

S 3 




0.059500 

0.0027810 



0.250 


0.009800 

0.0000753 



1.550 


0.061000 

0.0029210 



0.300 


0.011800 

0.0001091 




A 

0.062500 

0.0030680 

80 




0.013500 

0.0001429 



1.600 


0.062990 

0.0031160 



0.350 


0.013700 

0.0001468 

52 




0.063500 

0.0031670 

79 




0.014500 

0.0001650 



1.650 


0.064900 

0.0033060 





0.015620 

0 0001920 



1.700 


0.066920 

0.0035180 



0.400 


0.015740 

0.0001950 

51 




0.067000 

0.0035260 

78 




0.016000 

0.0002010 



1.750 


0.068800 

0.0037140 



0.450 


0.017700 

0.0002450 

50 




0.070000 

0.0038480 

77 




0.018000 

0.0002540 



1.800 


0.070860 

0.0039440 



0.500 


0,019680 

0.0003040 



1.850 


0,072800 

0.0041620 

76 




0.020000 

0.0003140 

49 




0.073000 

0.0041850 

75 




0.021000 

0.0003460 



1.900 


0.074800 

0.00439^0 



0.550 


0,021600 

0.0003650 

48 




0.076000 

0.0045360 

74 




0.022500 

0.0003980 



1.950 


0.076700 

0.0046180 



0.600 


0.023620 

0.0004380 




A 

0.078120 

0.0047940 

73 




0.024000 

0.0004520 

47 




0.078500 

0.0048400 

72 




0.025000 

0.0004910 



2.000 


0.078740 

0.0048690 



0.650 


0.025500 

0.0005100 



2.050 


0.080700 

0.0051120 

71 




0.026000 

0.0005310 

46 




0.081000 

0.0051530 



0.700 


0.027560 

0.0005970 

45 




0.082000 

0.0052810 

70 




0.028000 

0.0006160 



2.100 


0.082670 

0.0053690 

69 




0.029250 

0.0006720 



2.150 


0.08^600 

0.0056150 



0.750 


0.029500 

0.0006830 

44 




0.086000 

0.0058090 

68 




0.031000 

0.0007550 



2.200 


0.086610 

0.0058920 




A 

0,031250 

0.0007670 



2.250 


0.088500 

0.0061490 



0.800 


0,031490 

0.0007790 

43 




0.089000 

0.0062210 

67 




0.032000 

0.0008040 



2.300 


0.090550 

0.0064400 

66 




0.033000 

0.0008550 



2.3s 


0.092500 

0.0067150 



0.850 


0.033400 

0.0008710 

43 




0.093500! 

0.0068600 

6S 




0.035000 

0.0009620 




A 

0.093750 

0.0069030 



0.900 


0.035430 

0.0009860 



2.400 


0.094480 

0.0070120 

64 




0.036000 

O.0010180 

41 




0.096000 

0.0072380 

^3 




0.037000 

0.0010750 



2.4s 


0.096400 

0.0072960 



0.950 


0.037400 

0.0010910 

40 




0.098000 

0.0075430 

62 




0.038000 

0.0011340 



2.50 

1 

0.098420 

0.0076090 

61 




0.039000 

0.0011950 

39 | 




0.099500 

0.0077760 



1.000 


0.039370I 

0.0012170 

38 




0.101500 

0.0080910 

60 




0.040000 

0.0012570 



2.60 


0.102360 

0.0082290 

59 




0.041000 

0.0013200 

37' 




0.104000I 

0.0084900 



o.ios 


0.041300 

0.0013510 



2.70 


0.106300 

0.0088750 

58 




0.042000 

0.0013850 

36 




0.106500 

0.0089080 

57 




0.043000 

0.0014520 



2.75 


0.108200 

0.009x890 



1.100 


0.043300 

0.0014730 




A 

0.109370 

0.0093960 



I. ISO 


0.045200 

0.0016100 

35 




0.110000 

0.0095030 

S6 




0.046500 

0.0016980 



2.80 


0.I10240 

0.0095440 




A 

0.046870 

0.0017260 

34 




O.IIIOOO 

0.0096770 



1.200 


0.047240 

0.0017530 

33 




0.113000 

0.0100290 

! 


1.250 


0.049200 

0.0019000 



2.90 ! 


0.1x4170 

0.0x02380 



1,300 


0.051181 

0.0020570 

32 




O;!16000 

0.0105680 

ss 




0.052000! 

0.0021240 



3.00 


o.izSixo 

0 . 0 I 09 S 90 



1 .350 


0.053100 

0.0022060 

31 




0.120000 

0.01x3100 

S 4 j 




0.055000 

0.0023760 



3.10 


0.122050 

0.0x16900 



1.400 

-J 

0.055100 

0.0023860 



i 

I 

1 

0.125000 

0.0122720 
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Table 7.—Diameters and Areas of Small Drills.— ConlinvM 
Number, Letter, Metric, and Fractional Drills in Order of Size 


w 

1 

Xi 

Z 

Ih 

V 

•C*S 

a 

,0 

0 

1 

u 

0) 

B 

rt d 

s- 

d 

2 d* 

•aw 

< 

Number 

Letter 

Metric, 

Mm. 

Fraction jj 

§ . 

el 

6 ^ 

d 

y 



3.20 


0.125980 

0.0124660 

4 




0.209000 

0.0343070 



3.2s 


0.127900 

0.0128020 



5.400 


0.212600 

0.0354990 

30 




0.128500 

0.0129690 

3 




0.213000 

0.0356330 



3.30 


0.129920 

0.0132570 



5.500 


0.216540 

0.0368250 



3.40 


0.133860 

0,0140730 




A 

0.218750 

0.0375830 

29 




0. 136000 

0,0145270 



5.600 


0.220470 

0.0381770 



3-50 


0.137800 

O.OI49I30 

2 




0 221000 

0.0383600 

28 




0.140500 

0.0155040 



5.700 


0.224410 

0.0395520 




A 

0.140620 

O.OI553IO 



5.750 


0.226300 

0.0402.430 



3.60 


0.I4I730 

0.0157770 

I 




0.228000 

0.0408280 

37 




0.144000 

0.0162860 



5.800 


0.228350 

0.0409520 



3.70 


0.145670 

0.0166660 



5.900 


0.232280 

0.0423770 

26 




0.147000 

0.0169720 


A 



0.234000 

0.0430050 



3.7s 


0.147600 

0.0171060 




H 

0.234370 

0.0431410 

25 




0.149500 

O.OI 75 S 40 



6.000 


0.236220 

0.0438250 



3.80 


0.149610 

0.0175790 


B 



0.238000 

0.0444880 

34 




0. 152000 

0.0181460 



6.100 


0.2401SO 

0.0452990 



3.90 


0.153540 

0.0185160 


C 



0.242000 

0.0459960 

33 




0.154000 

0.0186270 



6.200 


0.244100 

0.0467970 




A 

0.156250 

0.0191750 


D 



0.246000 

0.0475290 

22 




0.157000 

0,0193590 



6.250 


0.246060 

0.0475480 



4.00 


0.157480 

0.0194780 



6.300 


0.248030 

0.0483170 

21 




0.I59000 

0.0198560 


E 


i 

0.250000 

0.0490870 

20 




0.161000 

0.0203580 



6.400 


0.251970 

0.0498630 



4.10 


0.161420 

0.0204640 



6.500 


0.255910 

0.0514340 



4.3 


0.165360 

0.0214740 


F 



0.257000 

0.0518750 

19 




0.166000 

0.0216420 



6.600 


0.259800 

0.0530280 



4.2s 


0. 167300 

0.0220560 


G 



0.261000 

0.0535020 



4.30 


0.169290 

0.0225050 



6.700 


0.263700 

0,0546480 

18 




0.160500 

0,0225650 




H 

0.265600 

0 . 0554 i 2 r 




H 

0.171875 

0.0232020 



6.750 


0.265700 

o.0554I4< 

17 




0.173000 

0.0235060 


H 



0.266000 

0.0555720 



4.40 


0.173230 

0.0235680 



6.800 


0.267720 

0.0562910 

16 




0.177000 

0.0246060 



6.900 


0.271650 

0.0579590 



4.50 


0.I77I70 

0.0246520 


I 



0.272000 

0.0581070 

IS 




0.180000 

0.0254470 



7.000 


0.275500 

0.0596510 



4.60 


0.181100 

0,0257600 


J 



0.277000 

0.0602630 

14 




0.182000 

0.0260160 



7.100 


0.279500 

0.0613670 

13 




0.185000 

0.0268800 


K 



0.281000 

0.0620160 



4.70 


0.185040 

0.0268920 




A 

0.281250 

0.0621260 



4.7s 


0.187000 

0.0274570 



7.200 


0.283470 

0.0631080 




A 

0. 187500 

0,0270120 



7.250 


0.285400 

0.0639700 



4* 80 


0.188980 

0,0280480 



7.300 


0.287400 

0.0648740 

12 




0.189000 

0.0280550 


L 



0.290000 

0.0660520 

II 




0.191000 

0.0286520 



7.400 


0.291330 

0.0666630 



4.90 


0.192910 

0.0292290 


M 



0.295000 

0.0683490 

10 




0.193500 

0.0294070 



7.500 


0.295200 

0.0684770 

9 




0.196000 

0.0301720 




tt 

0.296875 

0.0692180 



S.oo 


0.196850 

0.0304340 



7.600 


0.299220 

0.0703150 

8 




0.199000 

0.0311030 


N 



0.302000 

0.0716310 



S.io 


0.200790 

0.0316640 



7.700 


0.303140 

0.0721780 

7 




0.201000 

0.03I73IO 



7 ; 7 SO 


0.305100 

0.0730570 




H 

0.203120 

0,032^030 



7.800 


0.307090 

0.0740650 





0.204000 

0.0326850 



7.900 


0.311020 

0.0759760 



5.30 


0.204730 

0.0339180 




A 

0.312500 

0.0766990 

5 


1 


0.205500 

0.033x681 



8.000 


0.314960 

0.0779120 



S.35 


0 . 296^0 

0.0335200 


0 



0.316000 

0.0784270 



5.30 


Or308600 

0.0341960 





0.318890 

0.0798720 
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Table 7 .—Diameters and Areas of Small Drills .—Continued 
Number, Letter, Metric, and Fractional Drills in Order of Size 


Number [ 

Letter 

Metric, 

Mm. 

Fraction 

Diameter 

In. 

Area, 

Sq In. 

Number 

Letter 

Metric, 

Mm. 

Fraction i 

Diameter 

In. 

Area 

Sq. In. 



8.100 


0 322830 

0.0818560 




H 

0.546800 

0.2341200 


P 

18.200 


0.323000 

0.0819400 



14.00 


0.5SI100 

0.2384400 



8.250 


0.324800 

0.0827810 




A 

0.562500 

0.2485000 
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0.334650 

0.0879550 




H 

0.609300 

0.2916100 



8.600 


0.338580 

0.0900370 



15.SO 


0.610200 

0.2922400 


R 



0.339000 

0.0902590 




f 

0.625000 

0.3068000 



8.700 


0.342500 

0.0921430 



16.00 


0.629900 

0.3117200 




H 

0.343700 

0.0928060 





0.640600 

0.3223200 



8.750 


0.344400 

0.0929120 



16.50 


0.649600 

0.3308100 



8.800 


0.346400 

0.0942740 





0.656200 

0.3382400 


S 



0.348000 

0.0951150 



17.00 


0.669200 

0.3514200 



8.900 


0.350400 

0.0964280 




{f 

0.671800 

0.3645400 



9.000 


0.354300 

0.0986070 




H 

0.687500 

0.3712200 


T 


1 

0.358000! 

0.1006600 



17.50 


0.688900 

0.3726700 



9.100 


0.358300 

0.1008110 




i\ 

0.703100 

0.3882800 




H 

0.359300 

0.1014340 



18.00 


0.708600 

0.3943400 



9.200 


0,362200 

0.1030390 




ii 

0.718700 

0.4057400 



9.250 


0.364100 

0.1039860 



18.50 


0.728300 

0.4165700 



9.300 


0.366100 

0.1052910 




H 

0.734300 

0.4235600 


U 



0.368000 

0.1063620 



19.00 


0.748000 

0.4393500 



9.400 


0.370100 

0.1075670 




1 

0.750000 

0.4417900 



9.S00 


0.374020 

0.1098680 




« 

0.765600 

0.4587500 




1 

0.375000 

0. I 104470 



19.50 


0.767700 

0.4628300 


V 



0.377000 

0.1116280 





0.781200 

0.4793700 



9.600 


0.377950 

0.1121930 



20.00 


0.787400 

0.4868600 



9.700 


0.381800 

0.1145430 




li 

0.796800 

0.4977200 



9.750 


0.383800 

0.1156890 



20.50 


0.807000 

0.5115800 



9.800 


0.385800 

0.1169170 




H 

0.812500 

0.5184900 


W 



0.386000 

0.1170210 



21.00 


0.826700 

0.5368500 



9.900 


0.389800 

0.1193150 





0.828100 

0.5386100 




H 

0.390620 

0.1198440 




u 

0.843700 

0.5591400 



10.00 


0.393700 

0.1217380 



21.50 


0.846400 

0.562660c 


X 



0.397000 

0.1237860 




« 

0.859300 

0.5799200 


Y 



0.404000 

0.1281900 



22.00 


0.866100 

0.5892000 




H 

0.406200 

0.1296220 




i 

0.875000 

0.6013200 


Z 



0.413000 

0.1339650 



22.50 


0.885800 

0.6162900 



10,50 


0.413300 

0.1342000 




H 

0.890600 

0.6229700 




H 

0.421800 

0.1397200 



23.00 


0.905500 

0.6400700 



11.00 


0.433000 

0.1471800 




tl 

0.906200 

0.6450400 




A 

0.437500 

0.1503300 





0.921800 

0.6074600 



11.50 


0.452700 

0.1607600 



23.50 


0.925100 

0.6722200 




H 

0.453100 

0.1612400 




H 

0.937500 

0.6902900 




H 

0.468700 

0.1725700 



24.00 


0.944800 

0.7011900 



12 00 


0.472400 

0.1749000 




H 

0.953100 

0.7150200 




H 

0.484300 

0.1842500 



24.50 


0.964500 

0.7297900 



13.50 
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DRILLING 


Cutting Speed in feet per Mrnute 



CHART FOR ESTBIATING SPEEDS AND FEEDS 
OF DRILLED WORK 

This chart, Fig. 19, is designed to work from the spindle speed of 
the drilling machine in even hundreds of revolutions per minute. 
This shows that a f-inch drill running at 600 revolutions per minute 
gives nearly 100 feet per minute cutting speed. With a feed of 
aoi5 inch per revolution, this would drill 9 inches per minute, as is 
found by following the line of feed per revolution until it meets the 
line of 600 revolutions per minute, then going down to the base 
, lin^. The dotted line snows that to get a feed of inches per 
; minute at the rat# of 0.0x5 inch per revolution^ the drill must run 


Peed in Inches per Revolution 
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about 235 revolutions per minute. All such estimates can easily be 
made by using this chart. 

BRITISH STANDARD TOLERANCES ON POINT 
DIAMETERS OF TWIST DRILLS 

Inches 

Up to and including J inch diam¬ 
eter. -fo.ooo to 0.0005 

Over J inch and up to and includ¬ 
ing I inch diameter. +0.000 to o. 0010 

Over I inch and up to and includ¬ 
ing 2 inches diameter. -f 0.000 to 0.0015 

Over 2 inches diameter. -j-0.000 to 0.0020 

Drills for Reamed Holes. —The user should specify drills to give 
desired reaming allowance. Normally ^ inch is sufficient for 
reaming and is supplied by some makers when the size is not 
specified. 

Taper-Pin Drills. —The Sheffield Twist Drill & Steel Co., Ltd., 
England, make a special high-speed drill for drilling taper-pin holes 
from the solid metal. The drills are tapered } inch per foot and 
have serrated cutting lips. They are made with both straight and 
taper shanks for all sizes of taper pins. 

Hardness of Drills. —Drill makers contend that a drill should 
never be judged by its hardness when tested with a file. Mere 
hardness is not a gage of its cutting ability. Some drills that may 
seem soft to a fine file give excellent results in actual drilling. 

DRILLING ON MULTIPLE-SPINDLE MACHINES 

Makers of multiple-drilling machines advise conservative speeds 
and feeds because the failure of a single drill stops production on 
the machine. The National Automatic Tool Company suggests 
starting at 70 feet per minute on cast iron and increasing gradually 
if it seems advisable. In many cases 80 and 90 feet can be used, and 
120 feet has been found possible in a few cases. For steel of the 
1020 class, they start at 60 feet, with 70 and 80 feet a possibility 
under favorable conditions. With alloy steels both hardness and 
toughness affect the speed, and it is sometimes necessary to reduce 
the cutting speed to 50 feet. This refers to high-speed drills. 

Reaming can usually be done at from one-half to two-thirds of 
the drilling speed. Tapping varies froni as low as 15 feet in steels 
to as high as 48 feet in cast iron. The size of the tap drill or the 
amount of thread desired affects this materially. 

Soluble oils and soda compounds are used for drilling, reaming, 
and tapping. Some prefer brushing the taps with lard or mineral 
oil between operations as this removes the chips. With multiple 
tapping, however, this takes time, and a flood of lubricant is 
generaUy used. 

Cast iron is drilled dry. In tapping, an oil is usiildly brushed on 
the taps. Aluminum and brass are drilled and tapped dry or with 
kerosene or soluble oil as a lubricant. When in doubt use a 
lubricant. 
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Table 9.— ^Table of Drill Sizes for Taper Pins 


Drill Sizes for Taper Pins 


No. 
of Pin 

L 


D 

d 

No. of 
Drill 

, The table gives the drill sizes for 








taper pins ranging 

in lengths by J 

7 

I 

1" 

0.409" 

0.3829" 

i 

iff 

inch from No. o, i inch long, to No. 


I 


0.409" 

0.3777" 


Iff 

10, 6 inches long. 

The diameter of 


I 

i" 

0.409 

0.3725" 


1" 

the small end of the pin for each 

7 

2 

// 

0.409" 

0.3673" 


1" 

length 

IS 


ven in the fourth column 


2 

i" 

0,409" 

0.3621" 


Iff 

with the 

11 size in the fifth column. 




0.409" 
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4* 

Radius of rounded ends varies from 


2 

i" 
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] 
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1 to 
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diameters 
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measured at the large end. 
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er foot — sizes from s-o to 
00 ■* o.X 4 t at large end. 

00; 00000 

0 

0 

1 

0000 M 
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SUGGESTED SPEEDS FOR TUNGSTEN-CARBIDE DRJLDS 


Because of their construction, tungsten-carbide-tipped twist 
drills are not usually recommended for hard materials. They are, 
however, well adapted for drilling highly abrasive materials and 
materials of low strength, such as concrete, bakelite, hard rubber, 
slate, stone, glass, carbon, copper, graphite alloy, and similar 
materials. 

Recent information from the Cincinnati-Bickford Tool Company 
lists the following cutting speeds which have been successfully used 
for the materials listed: 


Materials 

Slate. 

Marble. 

Sandstone. 

Glass. 

Pure carbon. 

Copper graphite alloy 


Suggested Speed 
Feet per Minute 
40 

.... 60 to 80 
30 

.... 20 to 30 
.... 100 

. 60 to 70 


Very light feeds are recommended for these materials. 


Lubricants for Drilling 

Hard tool and alloy steel. Soluble oil, turpentine, soluble 

oil or lard oil. 

Mild steel or machinery steel.... Soluble oil or a good cutting 

compound. 

Brass or phosphor bronze. Dry or with soluble oil or lard oil. 

Aluminum. Soluble oil or lard oil. 

Cast iron. Work dry. If possible keep the 

drill cooled with a jet of com¬ 
pressed air. 

On soft steels, sulphurized oil saves up to 30 per cent in power over 
dry drilling, and on tool steel, the saving is about 20 per cent. On 
Bessemer screw stock, oil saves comparatively little power. For 
aluminum and its alloys, a little lard oil mixed with mineral oil 
gives good results. 

A CUTTING COMPOUND FOR DRILLING HARD SPOTS 
IN STEEL 

An old-tiroa compound for use in drilling hard steel has proved 
successful in electric welds in 5 per cent nickel steel, after turpen¬ 
tine and other compounds had failed. The compound is 

I part powdered sulphur 

1 part cylinder oil 

2 parts castor oil ^ 

SIMPLIFIED OR PREFERRED DRILL SIZES 

Users of twist drills have long felt that there was an unnecessary 
ndmber of drill sizes below } inch, owing to the overlapping of frac- 













o o o o o o 


Table io.—Preferred Sizes of Straight-Shank Drills 
K.R • 



^Break corner 




Size 


( Regula r Series 
Drill , 
|Length|] 


es| Long Series 

Size 

[Regular Series 

e Drill 
th Lengt! 

F 
1 Le 

lute 

ngtl 

C 

D 

rill 

igtl 

Flute 

1 Length 

A 

“Xet 

B 



C 



0. i6i( 



2i 



0. i66c 



2! 



0.169: 

3 


2t 



0.171S 

3 


2f 



0.173c 

3 


2! 



0. T77C 

3 


2! 

i 


0.180C 

3 


2* 

r 


0.185c 

3 


2 A 

r 


0.187s 

3 


2 A 

r 


0.1910 

3 


2A 



0.1935 

3 


2 A 



0.i960 

3 


2 A 



0.1990 

4 

2A 



0.2031 

4 

2A 



0.2090 

4 

2 A 



0.2130 

4 

2 A 



0.2187 

4 

2 A 



0.2244 

4 


2 



0.2283 

4 


2 S 



0.2344 

4 


2 ^ 



0.2402 

4 


2 It 



0.2460 

4 


2 It 



0.2500 

4 


3 



0.2520 

4 


3 



0.2570 

4 


3 



0.2610 

4 


3 



0.2656 

4 ^ 


3 



0.2720 

4J 


3 



0.2770 

4 ^ 


3 f 



0.2812 

4i 


3 



0.2854 

4 


3 



0.2913 

4i 


3 



0.2969 

4\ 


3 



0.3020 

4 i 


3 



0.3071 

4 i 


3 



0.3125 

5 

3 



0.3160 

5 

3 f 



0.3230 

5 

3 f 



0.3281 

5 

3 



0.3320 

5 

3 



0.3390 

5 

3 



I0.3437 

5 


3 * 



0.3480 

5 


3f 



0.3543 

5 ; 


3I 



0.3594 

5 : 


3 i' 



0.3680 

5 


3} 



0.3750 

S 


4i 

4i 


0.3860 

5 


4 i 

5 

2 


0.3906 

5 


4i 

5 

2 


0.3970 

5 


4 t 

S 



0.4062 

S 


4 f 

S 

2 


0,4219 

5 


4 t 

5 

2 


0-4375 

6 


4 A 

S. 

2 

■ 

0.4S3X 

6 


4A 




0.4687 

6 


4 A 

sj 



5.4844 

6 


4 A 

5t 

St 

J 


5 .5000 

6 


4A 


Long Series 


Drill 
I Length 


6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 


Flut< 

Lengt 
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tional, letter, wire gage, and millimeter sizes from 0.0156 to 0.500 
inch. After long study and several modifications, the sizes in 
Table 10 are recommended by A.S.M.E. Technical Committee No. 7 

TAP DRILLS 

Except in special cases, tap drills should always be larger than, 
the root diameter of the tap. In average practice, the drill gives 
about three-quarters thread depth. Some metals flow enough to 
make nearly a full thread, especially with a dull tap. 

The simple rule of subtracting the pitch of one thread from the 
tap diameter, is accurate enough for most work. Following tips: 

A f-inch tap, 16-thread, would be f minus ^ ^ drill; a -J-inch 

tap, 10-thread, would be i minus ^ or 0.75 — o. io = 

or 0.65, or a little over | inch; so a |-inch drill will do nicely. 
With a I-inch tap we have i — i = |-inch drill, which is a little 
large but leaves enough thread for most cases. 

Taps should be between 0.002 and 0.003 ioch large in outside 
diameter, for clearance between top and bottom of thread. 

DRILLING HARDENED STEEL 

New drill known as “Hardsteel” are now available for drilling 
holes in armor plate and hardened steels of any kind, even the 
high speed steels. They are made from a cast alloy by the Black 
Drill Company, Cleveland, Ohio, and are three-cornered in shape, 
with small hollows ground in each cutting face for chip clearance. 
They should not be used in soft materials, but only in materials that 
cannot be drilled by the usual drill. 

It takes 5 seconds or more after the drill contacts the work before 
it begins to cut. By that time it has built up enough frictional 
heat to anneal the metal in actual contact with the drill point. 
Then the drill begins to cut and regular chips form. Sufficient 
pressure should be kept on the drill to maintain the flow of chips. 
Hand feed is preferred to maintain a “ feel” of the way the drill cuts. 

These drills are run at high speed, the following table giving 
approximate speeds for the sizes shown. Should the drill fail to 
cut properly, try a higher speed. In drilling work hardening 
materials it may be advisable to increase the chip clearance groove 
to take out a wider chip. Clear the chips, from the hole every i inch 
of depth drilled. Short drills are to be preferred where they can 
be used. The drills can be ground by hand and the shape of the 
new drill should be maintained in grinding. They are used dry. 

DrilliJ^g Spef.ds without Coolant 


Size of Drill, 
in Inches 

Speed, in R.P.M. 

1 Size of Drill, 

! in Inches 

Speed, in R.P.M. 

t , 

2500-3000 

1 

950 

i- A 

2000 

1 i—1 

900 

T6-i 

1600 

|-J 

, 750-800 

1- iV 

1500 j 


700 

/r-l 

1200 < 

J—I 

* 600 

|- 

1000 1 
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Table ii.—Basic Thread Dimensions and Tap Drill Sizes 

AMERICAN MACHINE SCREW 


Nominal 

Size 

Outside 
Diameter 
in Inches 

Pitch 
Diameter 
in Inches 

Root 
Diameter 
in Inches 

Commercial 
Drill 
to Produce 
Approx. 75% 
Full Thread 

Decimal 
Equiva¬ 
lent of 
Tap Drill 

0-80-F 

0.0600 

0.0519 

0.0438 

A 

0.0469 

1-56 

0.0730 

0.0614 

0.0498 

54 

0.0550 


0.0730 

0.0629 

0.0527 

53 

0.0595 

72-P 

0.0730 

0.0640 

0.0550 

53 

0.0595 

2-56-C 

0.0860 

0.0744 

0.0628 

SO 

0.0700 

64-P 

0.0860 

0.0759 

o.o 6 s 7 

50 

0.0700 

3 “ 48 -C 

0.0990 

0.08S5 

0.0719 

47 

0.0785 

56-F 

0.0990 

0.0874 

0.0758 

45 

0.0820 

4-32 

0.1120 

0.0917 

0.0714 

45 

0.0820 

36 

0.1120 

0.0940 

0.0759 

44 

0.0860 

40-C 

0.1120 

0.0958 

0.0795 

43 

0.0890 

48—P 

0.1120 

0.0985 

0.0849 

42 

0.0935 

5-36 

0.1250 

0.1078 

0.0889 

40 

0.0980 

40—C 

0.I2S0 

0.1088 

0.0925 

38 

0.1015 

44 -F 

0.I2S0 

0.1102 

0.0955 

37 

0.1040 

6-32-C 

0.1380 

0.1177 

0.0974 

36 

0.1065 

36 

0.1380 

0.1200 

0.1019 

34 

0. mo 

40-F 

0.1380 

0.1218 

0.I0S5 

33 

0.1130 

7-30 

0.1510 

0.1294 

0.1077 

31 

0.1200 

32 

0.1510 

0.1307 

0.1104 

31 

0.120c 

36 

0.1510 

0.1330 

0.1149 

i 

0.1250 

8-30 

0.1640 

0.1423 

0.1207 

30 

0.1285 


0.1640 

0.1437 

0.1234 

29 

0.1360 

36-F 

0.1640 

0.1460 

0.1279 

29 

0.1360 

40 

0.1640 

0.1478 

0.I3IS 

28 

0.140S 

^24 

0.1770 

0.1499 

0.1229 

29 

0.1360 

30 

0.1770 

0.1553 

0.1337 

27 

0.1440 


0.1770 

0.1567 

0.1364 

26 

0.1470 

fO-24-C 

0.1900 

0.1629 

0 .I 3 S 9 

25 

0.1495 

28 

0.1900 

0.1668 

0.1436 

23 

0.1540 

30 

0.1900 

0.1684 

0.1467 

22 

0.1570 

32-p 

0.1900 

0.1697 

0.1494 

21 

0.1590 

I2-24-C 

0.2160 

0.1889 

0.1619 

16 

0.1770 

28-p 

0.2160 

0.1928 

0.1696 

14 

0.1820 

32 

0.2160 

0 .1957 

0.1754 

13 

0.1850 


C “ coarse-thread standard. F =» fine-thread standard. 


Table 12.—Basic Thread Dimensions and Tap Drill Sizes 

AMERICAN THREAD 


Nominal 

Size 

Outside 
Diameter 
in Inches 

Pitch 
Diameter 
in Inches 

Root 
Diameter 
in Inches 

Commercial 
T^ Drill 
to Produce 
Approx. 75 % 
Full Thread 

Decimal 
Equiva¬ 
lent of 
Tap Drill 

Ap-^4 

0.062s 

0.0524 

0.0422 

A 

0.0469 

- 72 

0.0625 

0,0535 

0.044s 

A 

0.0469 

A^o 

0,0781 

0.0673 

0 0503 

A 

0.062s 

72 

0.0781 

0.0691 

0.0601 

52 

0.063s 

A-48 

0.0938 

0,0803 

0.0667 

49 

0.0730 

• so 

0.0938 

0.0808 

0.0678 

49 

0.0730 

^48 

0.1094 

0.0959 

0.0823 

¥ 

0.0890 

t-32 

0.X250 

0.1047 

0.0844 

A 

0.0937 

40 

0.1250 

O.ZO88 

0.0925 

38 

0.X015 
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Table 12.—Basic Thread Dimensions and Tap Drill Sizes.— 
Continued 

AMERICAN THREADS 


Nominal 

Size 

Outside 
Diameter 
in Inches 

Pitch 
Diameter 
in Inches 

Root 
Diameter 
in Inches 

Commercial 
Tap Drill 
to Produce 
Approx. 75% 
Full Thread 

Decimal 
Equiva¬ 
lent to 
Tap Drill 

^{-40 

0.1406 

0.1244 

0.1081 

32 

0.1160 

A-32 

0.1563 

0.1360 

O.IIS7 


i 

0.1250 


0.1563 

0.1382 

0.1202 

30 

0.1285 

if-32 

0.1719 

0.1505 

0.1313 

A 

0.1406 


0.187s 

0.1604 

0.1334 

26 

0.1470 

32 

0.187s 

0.1672 

0.1469 

22 

0.1570 

i^24 

0.2031 

0.1760 

0.1490 

20 

0.1610 

ir-^A 

0.2188 

0.1919 

0.1646 

16 

0.1770 

32 

0.2188 

0.1985 

0.1782 

12 

0.1890 

iJ-*24 

0.2344 

0.2073 

0.1806 

10 

0.193s 

i-20 

0.2500 

0.2175 

0,1850 


7 

0.2010 

24 

0.2500 

0.2229 

0.1959 


4 

0.2090 

27 

0.2500 

0.2260 

0.2019 


3 

0.2130 

28 

0.2500 

0.2268 

0,2036 


3 

0.2130 


0.2500 

0.2297 1 

0.2094 



0.2187 


0,3125 

0.2764 

0.2403 


F 

0.2570 

20 

0.312s 

0.2800 

0.2476 

i 


0.2656 

24 

0.312s 

0.2854 

0.2584 


1 

0.2720 

27 

0.312s 

0.2884 

0.2644 


J 

0.2770 

32 

0.312s 

0.2922 

0.2719 

tI 


0.281a 

1^16 

0.3750 

0.3344 1 

0.2938 i 

i 

f i 

0.312s 

20 

0.3750 

0.342s 1 

0.3100 

1 


0.3281 

24 

0.3750 

0.3479 

0.3209 

^ ( 


0.3320 

27 

0.3750 

0.3509 

0.3269 

1 


0.3390 

A~I4 

0.437s 

0.3911 i 

0.3447 

y 

0.3680 

20 

0.437s 

0.4050 

0.3726 


'i 

0.3906 

24 

0.4375 

0.4104 

0.3834 



0.3970 

27 

0.4375 

0.4134 

0.3894 


if 

0.4040 

i-I2 

0.5000 

0.4459 

0.3918 

1 

y 

0.4219 

13 

0.5000 

0.4S0I 

0.400I 

1 


0.4219 

20 

0.5000 

0.4675 

0.4351 

1 

, 

0.4S3I 

24 

0.5000 

0.4729 

0.4459 

1 


0.4S3I 

27 

0.5000 

0.4759 

0.4519 

i 


0.4687 

1V-I2 

0.562s 

0.5084 

0.4542 

« 


0.4844 

18 

0.562s 

0.5264 

0.4903 

t 


0.5156 

27 

0.5625 

0.5384 

0.5144 

} 


0.5312 

t-II 

0.6250 

0.5660 

0.5069 

i 


0.S3I2 

12 

0.6250 

0.5709 

0.5168 

1 


0.5469 

18 

0.6250 

0.5889 

0.5528 

t 


0.5781 

27 

0.6250 

0.6009 

0.5769 

1 


0.5937 

H-ii 

0.687s 

0.628s 

0.5694 



0.5937 

16 

0.6875 

0.6469 

0.6063 



0.6250 

l-io 

0.7500 

0.6850 

0.6201 

i 


0.6562 

12 

0.7500 

0.6959 

0.6418 



0.6719 

16 

0.7500 

0.7094 

0.6688 

1 


0.687s 

27 

0.7500 

0.7259 

0.7019 

1 


0.7187 

H-io 

0.812s 

0.7476 

0.6826 

1 


0.7187 

1- 9 

0.8750 

0.8029 

0.7307 

1 


0.7656 

12 

0.8750 

0.8209 

0.7668 

1 


0.7969 

14 

0.8750 

0.8286 

0.7822 

f 


0.812s 

18 

0.8750 

0.8389 

0.8028 

1 


0.8281 

27 

0.8750 

0.8509 

0.8269 

* 

% 

0.8437 
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Table 12.—Basic Thread Dimensions and Tap Drill Sizes— 

Continued 

AMERICAN THREADS 


Nominal 

Size 


Outside 
Diameter 
in Inches 


Pitch 
Diameter 
in Inches 


Root 
Diameter 
in Inches 


Commercial 
Ty) Drill 
to Produce 


Approx. 75 % 
Full Thread 


Decimal 
Equiva¬ 
lent of 
Tap Drill 


1-8 

12 

14 

27 

I* - 7 

12 

li “ 7 

12 

i| - 6 

12 

- 6 


12 



3i -3 
4 3 


0 . 937 S 
I.0000 
I.0000 
I.0000 

I.0000 
I. 1250 

1.1250 
1.2500 

1.2500 
1.3750 

1.3750 
I .5000 

1.5000 
1.6250 

1.7500 
1.8750 
2.0000 

2.1250 

2.2500 

2.3750 

2.5000 

2.7500 
3.0000 

3.2500 

3.5000 
3-7500 
4.0000 


0,86S4 

0.9188 

0.9459 
0.9536 
0.9759 
1.0322 
I.0709 
1.1572 
I.1959 
I.2668 

1.3209 

I.3917 
I.4459 
1.5070 
1.6201 
I.7451 

1.8557 

1.9807 

2.1057 

2.2126 

2.3376 

2.5876 

2.8145 

3.0645 

3.3002 

3.5335 

3.783s 


0.7932 

0.8376 

0.8918 

0.9072 

0.9519 

0.9394 

I.0168 
I.0644 
1.1418 
1.1585 
1.2668 
1.283s 
1.39x8 
1.3888 
I.4902 
I.6152 
I.7113 
1.8363 
1.9613 
2.0502 
2.1752 
2.4252 
2.6288 
2.8788 
3.1003 
3.3x70 
3.5670 



2* 


ll 



0.8281 

0.8750 

0.9219 

0.9375 

0.9687 
0.9844 
I.0469 
I .1094 

1.1719 
1.2187 
I.2969 
1.3437 

I.4219 
I.4531 

1.5625 
1.687s 
1.7812 
I .9062 
2.0312 
2.1250 
2.2500 
2.5000 

2.7187 

2.9687 

3.187s 

3-4375 


3.687s 
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Table 13—Tap Drills for Uniform Pitch Thread Series* 


8 Pitch 

1 = 0.1250 inch 

12 Pitch 
“ 0.0833 inch 

16 Pitch 
= 0.0625 inch 

Nominal 

Drill 

Nominal 

Drill 

Nominal 

Drill- 

Nominal 

Drill 

Size 

Size 

Size 

Size 

Size 

Size 

Size 

Size 

Inches 

Inches 

Inches 

Inches 

Inches 

Inches 

Inches 

Inches 

1 

i 

i 

0.417 

3l 

3.167 

f 


i\ 

I 

A 

0.479 

3i 

3-417 


ft 

li 

li 

f 

0.542 

3i 

3.667 

I 

li 

If 

li 

t* 

0.604 

4 

3.917 

li 

lA 

li 

li 

i 

0.667 

4l 

4.167 

4 

IA 


li 

n 

0.729 

4i 

4.417 

li 

IA 



i 

0.792 

4l 

4.667 

I* 

I A 

il 

If 

li 

0.854 

5 

4.917 

If 

I A 

2 

li 

I 

0.917 

Si 

5.167 

1} 

iH 

2j 

2 

lA 

0.979 

54 

S.417 

li 

ili 

2i 

2i 

li 

1.042 

Si 

S.667 

2 

iH 

2\ 

2t 

lA 

1.104 

6 

5.917 

2i 

2 A 

2\ 

2i 

li 

1.167 



2t 

2A 

3, 

2i 

lA 

1.229 



2} 

2 A 

3i 

3i 

li 

I .292 



2i 

2|i 

3| 

3| 

IT^ 

I.3S4 



3 

2H 

3t 

3f 

I i 

1-417 



3i 

3A 

4 , 

3 i 

if 

I .S42 



3i 

3A 

4i 

4i 

11 

1.667 



3i 

3H 

4i 

4i 

li 

1.792 



4 

3H 

4i 

41 

2 

1.917 





S 

4 * 

2i 

2.167 





Si 

Si 

2i 

2.417 





s\ 

si 

2i 

2.667 





si 

si 

3 

2.917 





6 

si 








* H. W. Bearce, Bureau of Standards. 
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Table 14.—British Tap Drills 


British Standard 

Pipe Thread 

British Association Thread 





1 Diameter of Tao Drill 

Nominal Bore 

Diameter of 

Designating 



of Pipe— 
Inches 

Tap Drill— 
Inches 1 

Number 

i 

Steel 

C.I. or Brass 

i 

r 

i \ 



No. 

No, 

1 



0 

8-9 

10 



I 

1S-16 

16-17 

1 

i 

2 

23 

24-25 

1 


3 

28 

29 

1 


4 

31 

32 


I 

5 

39-37 

37-38 

I 

I ^ 

6 

41-42 

'42-43 

li 

I \ 

[1 

7 

45 

46 

li 

11 

H 

8 

48 

49-50 

U 

2 i 

iV 

9 

SI 

52-53 

2 



10 

S 3 

54-55 


2 } 


11 

54 - 5 S 

56 

2 k 

2l 


12 

61 

62 

A 

3 J 

h 

13 

63 

64 

3 

3^ 

'd 

14 

69 

70 

3 i 

3\ 

rf 

IS 

1 71 

71 

3 i 

3 i 

\i 

16 

74 

74 

3 j 






4 

4 i 

li 





Table 15.—Drills and Reamers for Dowel Pins 


Sizes of Rod 

Drills and Reamers for Drive Fits] 

Drills for Clearanch 

No. of Gage 
(Stubbs Sted 
Wire) 

Dia, 

Size of 
DriU 

Dia. of 
DriU 

Dia. of 
Reamer 

Size of 
Drill 

Dia. of 
DriU 

54 

.055 

No. 55 

.052 


No. 54 

•OSS 

45 

.081 

!. 47 

.0785 


;; 46 

.081 

33 

.112 

36 

.1065 

.110 

.. 33 

.113 

30 

.127 


.120 

•125 

.. 30 

.1285 

ai 

.157 

.. 

24 


.155 

22 

.157 

10 

.IQI 


.185 

.189 

“ II 

.191 


.252 

C 

.242 

.250 -.2505 

F 

.257 


.315 

A Reamer 
Drill 

.307 

•3125-.313 

0 

.316 

V 

.377 

.366 

.375 -.3755 

V 

.377 


.439 


.427 

.4375-438 





i ‘‘ 

.489 

.500 -.5005 




.628 

1 “ 

.616 

.625 -.625s 




.753 

1 

.734 (U) 

.750 -.7505 




BODY OR CLEARANCE DRILLS 
Clearance between bolt body or threads and the work varies with 
the nature of the work: A inch is considered ^ inch moderate^ 
and its inch coarse or heavy. Drills should be specified to the 
clearance desired by adding it to the nominal size. A i inch clear¬ 
ance drill should be ordered or H inch, depending on the 

grade of work. 
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DRILL END LENGTHS 

It is often necessary in designing to allow for drilling to a certain 
depth so as to give the thickness of metal A necessary at the bottom 
of the hole to withstand pressure. 

The table gives the dimension C for usual sizes of drills. This is 
deducted from B to give the actual thickness of metal at A. This 
table is for standard drill points of 118 degrees included angle. 

Table 16.—Drill End Lengths 


2 0.60086 

iH 0.58208 
I } 0.56331 
lit 0.54453 
I i 0.52576 
iH 0.50698 
1 i 0.48820 
iiV 0.46942 
I i 0.45065 
I A 0.43187 
I i 0.41309 
iiV 0.39431 

I i 0.3755 



0 

C in Near¬ 
est A 

Gage No. 

.3 

Q 



1 I 1 

0.06850 

A 

41 

0.0960 

0.06640 

A 

42 

0.0935 

0.06400 

A 

43 

0.0890 

0.06279 

A 

44 

0.0860 

0.06174 

A 

45 

0.0820 

0.06129 

A 

46 

0.0810 

0.06039 

A 

47 

0.078s 

0.059^ 

A 

48 

0.0760 

0.05888 

A 

49 

0.0730 

0.05813 

A 

SO 

0.0700 

0.05738 

A 

SI 

0.0670 

0.05678 

A 

52 

0.063s 

0.05558 

A 

S 3 

0.0595 

0.05468 

A 

54 

0.0550 

0.05408 

A 

55 

0.0520 

0.05318 

A 

56 

0.046s 

0.05197 

A 

57 

0.0430 

0.05092 

A 

58 

0.0420 

0.04987 

A 

59 

0.0410 

0.04837 

A 

60 

0.0400 

0.04777 

A 

61 

0.0390 

0.04717 

A 

62 

0.0380 

0.04627 

A 

63 

0.0370 

0.04567 

A 

64 

0.0360 

0.04491 

A 

6S 

0.0350 

0.04416 

A 

66 

0.0330 

0.04326 

A 

67 

0.0320 

0.04221 

A 

68 

0.0310 

0.04086 

A 

69 

0.0293 

0.03861 

A 

70 

0.0280 

0.03605 

A 

71 

0.0260 

0.03485 

V 

1 

72 

0.0250 

0.03395 

V 

sr 

73 

0.0240 

0.03335 

V 

y 

74 

0.0225 

0.03305 

V 

y 

75 

0.0210 

0.03200 


y 

76 

0.0200 

0.03124 


y 

77 

0.0180 

0.03049 


y 

78 

0.0160 

0.02989 

i 

y 

79 

0.014s 

0.02944 


y 

80 

0.013s 



1 1 1 


.02884 
.02809 
.02674 Vi 
.02584 A 
.02464 A 
.02433 A 
.02858 A 
.02283 A 

.02193 A 

.02103 A 
.02013 A 
.01908 A 
.01788 A 
.01652 A 
.01562 A 
.01397 A 

.01292 A 
.01262 A 
.01232 A 
.01202 A 
.01172 A 
.01142 A 
.01112 A 
.01082 A 
.01052 A 
.00991 A 
.00961 A 
.00931 A 
.00879 A 
.00841 A 
.00781 A 

.00751 A 

.00721 A 
.00676 A 
.00631 A 
.00601 A 
.00541 A 
.00481 .. 
.00436 .. 
.00406 .. 




























SECTION IV 


REAMERS AND REAMING 

Reamers are commonly used tools for enlarging holes to the 
required diameter and Wsh. The amount of enlargement is 
usually slight and does not always meet modern requirements as to 
roundness and finish. Reamers are formed by having flutes along 
the body which form cutting edges and provide channels for escape 
of chips. Much standardization has been done by reamer makers 
and Technical Committee No. 20 of the A.S.M.E. was appointed to 
prepare a standard. Most of the recommendations follow the 
practice of reamer makers. 

Reamers usually have a back taper of about 0.0001 to 0.0025 inch 
per inch of length, decreasing the diameter toward the shank, for 
clearance. 

Tolerances of reamer diameters are always plus, from basic size 
up to 0.0004 in. for reamers to | inch diameter; from basic size up to 
0.0005 inch for reamers up to i inch; and up to 0.0006 inch for 
larger sizes. 


BRITISH STANDARDS FOR REAMERS 


Tolerances on British Standard reamers are always plus. The 
amount of oversize on nearly all reamers is as follows: 


Size, in Inches 

J to }. 

A to A. 

I to H-... 

I to lA - • • ■ 

ij to 2. 


Amount of Oversize in Inches 
.... o.0003 to o.0006 
.... o.0004 to o.0008 
. .. 0.0005 to 0.0010 
.... 0.0006 to 0.0012 
.... 0.0007 to 0.0014 


The number of flutes is optional but runs about as follows: 


Size in Inches Number of Flutes 

i to 1. 4 to 6 

H to J. 4 to 8 

II to 1}. 8 to 10 

, lA to Ij. 8 to 14 


The kinds or types of reamers in common use are shown and 
described. They are usually made with either straight or helical 
flutes. A number are shown in Fig. i. 


TYPES OF REAMERS 

Expansion Hand Reamers.—Made with either straight or helical flutes. 
Primarily desig. led to enlarge reamed holes by a few thousandths. 
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Hand Reamers.—Solid reamers, slightly tapered on the starting end. 
Used on high-grade work by clamping the square in a vise and passing the 
work over the reamer with a screw-like motion. 

jobber’s Reamers.—Similar to hand reamers but designed for machine use. 
Shell Reamers.—Made either for roughing or finishing and held on a 
tapered arbor with driving lugs. Holes tapered to fit the special arbor, 
which fit several reamer sizes. 





Hoind 



Machine or Jobbers 



Finishing 



Two Flute Helical Taper Pin 



Bridge or Car Reamer 


Fig. I. — Common Types of Reamers 

Expansion Chucking Reamers.—Adjustable for reaming holes to close 
tolerances. Made only with straight flutes but either straight or taper 
shanks. 

Fluted Chucking Reamers.—Designed for machine use, and have a bevdl 
point so that most of the cutting is done on the end. Straight or taper 
shanks. 

Rose Chucking Reamers.—For use in turret lathes andi screw machines. 
Ground cylindrically, without radial relief, and cut only on the end. Usually 
made with a back taper of o.oos" in the flute length. ' Recommended 
only for free-working steel, and under the best conditions as to alignment 
and with a flood of lubricant. Straight or tajier shanks. 

Stub Screw Machine Reamers.—^or use in automatic screw machines 
and for jobs requiring short tools. Specially adapted for floating holders. 
Regularly furnisned with right-hand cut and left-hand helix. 
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Morse Taper Reamers. —For reaming the Morse taper hole in sockets and 
machine spindles. Made only with straight flutes in either squared or taper 
shanks. Roughing reamers notched to break up the chips. 

Taper Pin Reamers. —For machine taper pins all have a taper of J inch 
to the foot. The point of each reamer will enter the hole reamed Iw the 
next size smaller. Made with either straight, slow or fast helical flutes. 

Taper Bridge Reamers. —For reaming rivet and bolt holes in structural 
work, boiler plate, etc. Tapered at point to facilitate entering holes out 
of alignment. Taper shanks only and are made in both straight and helical 

Taper Car Reamers. —^^Similar to Bridge Reamers but shorter. Made 
with either straight or helical flutes. 

Center Reamers. —For centering lathe work or countersinking for screw 
heads. Have eccentric relief and made in either 60, 72, or 82 deg. included 
angle of point. 

Machine Countersinks. —Similar to Center reamer. 


ARBORS FOR SHELL REAMERS 

General dimensions for arbors for shell reamers are given in the 
tables for both straight and taper shanks. The corners of the driv¬ 
ing slots in the reamer should be rounded to avoid cracks in harden¬ 
ing. Dimensions of arbors and of the driving slots and driving lugs 
in the arbors are given in Table 2. 


□OX? aiZZ]3C[j3 


Table i,—Straight- and Taper-Shank Arbors for Shell 
Reamers 


No. 

of 

Arbor 

_ 

Diameter 
of Reamer, 
in Inches 

Length 

Over All, 
in inches 

Diameter 
Shank, 
in Inches 

Morse 

Taper 

4 

i 

9 

i 

No. 2 

S 

lA to I 

9i 

f 

No. 2 

6 

lA to I-l 

10 

f 

No. 3 

7 

I-lV to if 

II 

i 

No. 3 

8 

iH to 2 

12 

li 

No. 4 

9 

2-iS to 2i 

13 


No. 4 

10 

2A to 3 

14 

i| 

No. 5 


Length Tolerances 

^ inch on Nos. 4 to 5; A inch on Nos. 6 to 8; i inch on Nos. 9 to 10; straight- 
shank tolerance minus 0.0005 to 0.002 inch; hole in reamer, i inch per foot. 


Allowance tor fi.eaining. —For holes up to i inch leave 0.005 to 
0.008 inch; for J inch about 0.015 inch; and up to ^ inch for 2 inch 
diameter. One large shop leaves 0.015 inch for all holes in steel 
and 0.030 inch for aluminum and magnesium. 
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Table 2.—Driving Slots and Lugs in Shell Reamers and 
Shell-Reamer Arbors 

The hole in shell reamers shall have a taper of 0.125 inch per foot, with 
arbors tapered to correspond. 

General Dimensions 


Diameter 
of Hole 
in 

Reamer 
at Large 
End, in 
Inches* 

No. 

of 

Arbor 

Dimensions, in Inches 

Range of Reamer Sizes 

Driving Slot 

Lug on Arbor 

Above 

To and 
Including 

Width 

W 

Depth 

J 

Width 

L 

Depth 

M 

0.250 

3 

0*4687 (H) 

0.6250 (1) 


t 

i 


A 

\ 

0.37s 

4 

0.6250 fD 

0.7182 (H) 

i 

7 

i 

V 


A 

0.500 

S 

0.7812 (H) 

1.0312 (i*) 

i 

V 

\ 

t 


A 

0.62s 

6 

1.0312 (1 h) 

1.2812 (I 

i 

V 

i 


M 

A 

0.750 

7 

1.2812 (i A) 

1.6562 (i|i) 

\ 


i 

ir 


A 

1.000 

8 

1.6562 (I H) 

2 .0000 (2) 

\ 





A 

1.250 

9 

2.0000 (2) 

2.5000 (2D 

i 

V 

{ 

f 


H 

1.500 

10 

2.5000 (2i) 

3.0000 (3) 

i 

V 

\ 

1 

if 


1.750 

II 

3.0000 (3) 

3 -5000 ( 3 D 




* 

1! 


2 .000 

12 

3.5000 (3D 

4.0000 (4) 

j 


1 

r 


il 

2.250 

13 

4.0000 (4) 

4.5000 (4i) 



i 


H 


2.500 

14 

4.500 (4*) 

5.5000 (si)- 

1 



1 

n 

A 

2.750 

IS 

5.5000 (si) 

6.5000 (6i) 





n 

A 


* Shell-reamer arbors are made slightly larger in diameter at the large end 
of the taper to permit a driving fit with the reamer. 


Names of Reamer Parts 

There are three main parts of a reamer: the shank; the body; and 
the point or entering portion (see Fig. 2). The terms used for 
shanks are; 


Shank.—The part held in the hand wrench, vise, chuck or spindle for 
driving. May be cylindrical, tapered, squared or otherwise. 

Taper Shank.—Generally a Morse Taper as is universally used for drills. 

Straight Shank.—A cylinder smaller or larger than the reamers. 

Square.—A square on the end of a straight shank to receive a wrench. 
Generally used on straight shank hand reamers. 

Length of Square.—Length measured along the axis. 

Size of Square.—Diameter across the flats of the square. 

Square Shank.—Generally a tapered square for use in bit brace or ratchet. 

Shank Length.—Measured along the axis from end of recess to extreme end 
of shank. * 

Taper-Shank Size.—Determined by the diameter, or by diameter at gage 
line and diameter at small end. Dimensions given in Tables, Section XVin. 

Tang. —Or tongue. Platted portion on end of shank to fit a special holder 
to assist in driving the reamer. Used on either straight or taper shank. 
Not intended to carry the entire torque load of reaming as friction of the 
shank in the socket or holder should carry most of the torque. 

Tang Thickness. —Distance between flat surfaces. 
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|<.. Overall tengih 

Vshank lengfh ♦! 

■ fam 


■1 


■*\Flufe/engfh t* 

Helical fjut^ Cham Fir . 


I - -L , .neiicaiTiUTes^\rurvmfF»r Chamfer 

iij^rshonk^;^ V 


~TAcfual 
size 


I_ 

4- Sfroighf shank — 

- Shank length - Helix angle 

CHUCKING REAMER, STRAIGHT AND TAPER SHANK 

H- Overall lengfh - *\ 

Y'Shank lengthFlute length'^-^flFPilot -^j 
I ^-Cuicfe--^ i^Pecess 

Q':~z z:'.z£ 

Squared shank Straight flutes '^Actualsize 
HAND REAMER, PILOT AND GUIDE 



Recess i 
'Starting taper 


Chamfer length -h 
Chamfer angle ^ 


i- . v4- Land )Xfidth 

, Chamfer T 
/ relief Margin 

-Rake 
angle 



Chamfer relief angle 


Straight’ flutes 


light Tiutes Kaxe angle o 

snown hand rotation shoTvn 

MACHINE REAMER POINT 


Starting taper^ 



Land width -H |<- 
Margin-'-^ 

Cuffing. 

■ 

angle 


Core 

diam 



Land-- 


'Flute 


Break corner^'' 

Radial face (0°rake)and 
right hand rotation shown 
HAND REAMER POINT 


Helical flutes,Left 
hand helix shown 


Fig. 2 .—Names of Reamer Parts 


THE REAMER BODY 

Ajds.—Cienter line about which reamer revolves. 

Over-All Length.—Measured along the axis, of the entire tool from end 
to end. 

Flute Length.—Measured along axis, from extreme front end of flutes to 
start of recess oi heck. Where the reamer has no recess, flute length is 
from the end of the cutter runout. 
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Pilot. —A front non-cuttinjj portion to aid in centering reamer. 

Guide. —Noncutting portion of the tool, generally cylindrical, behind 
flutes, to assist in holding the reamer in alignment. 

Recess or Neck. —Part between body and shank, usually of smaller diam¬ 
eter than either. Maker’s name, size of tool, and kind of steel are commonly 
stamped in the recess. 

Diameter. —Greatest diameter, measured diametrically across the land 
at the cutting edge. 

Flute. —A groove, either helical or straight, extending through the point 
almost to the recess. It forms the front side of the cutting edge and provides 
room for cutting fluid and room fo’- chip removal. 

'Tooth.—Volume of metal between two adjacent flutes. Generally taken 
to include all metal left between two adjacent flutes down to the web. 

Web. — Metal below the bottoms of the flutes. 

Web Thickness.— Distance between the bottoms of two opposite flutes 
measured along a diameter. 

Cutting Edge or Lip. —Leading edge of a tooth. Formed by the inter¬ 
section of the tooth face and the outside diameter. 

Tooth Face.—The surface on which the cliip impinges as it is removed 
from the work. 

Depth of Flute. —Distance from the bottom of the flute to the top of the 
tooth. 

Thickness at Base. —Length of the chord connecting the face of one tooth 
with its back as measured on a circle passing through the bottom of the root 
radius. 

Root Radius.—Small radius at the bottom of flute connecting the back 
of one tooth with the face of the adjacent tooth. 

Rake Angle. —Angle which the face of the tooth makes with a diameter 
through the cutting edge. 

Land.—The periphery of that part of the reamer between the flutes. 

Margin.—The cylindrical part of the land next to the cutting edge. 

Land Clearance. —Sometimes called “radial clearance.” That portion 
of the periphery of the tooth cut or, ground away to reduce friction in the 
hole. It enables the tooth to take a light scraping cut. Sometimes also 
called Backing-Off. 

Land-Clearance Angle or Backing-Off Angle. —The slight angle between 
the land and the back of the tooth extending the length of the flute. See 
Fig. 2. 

Back Taper or Longitudinal Relief. —Slight taper given from point to 
recess. 

Flute Radius. —Radius of curve forming back of tooth. 

Staggjered Flutes or Unequal^ Spaced Flutes.—Where spaces between 
succeeding teeth are not equal. Used to prevent chatter and uneven cutting 
action. 

Clearance Diameter. —The diameter measured diametrically on the relief 
angle. 

Flute Run-Out. —Where bottom of flute rises to join the body periphep^. 

Expansion Slot. —Slot milled parallel to the cutting edges and used with 
an expansion screw to allow the reamer to be slightly expanded in diameter. 

Helix Angle.—Angle which the flutes make with the axis. 

Lead. —The distance along the axis of one complete turn of the helix. 
May be changed to helix angle by the equation: the tangent of the helix 
angle equals the circumference divided by the lead. 


THE REAMER POINT 

Entering Taper.—Slight taper on front end of reamer to start the cut 
gradually. Generally used on hand reamers. 

Point.—Entire cone shaped portion at the cutting end of the reamer. 
The surfaces are cleared to form sharp cutting edges. 

Point Clearance.—Clearance put on the point of the reamer, to allow it to 
cut its way into the hole. 

Point-cutting edges of the teeth are sometimes called the primary cut- 
til^ edges and do the principal cutting. 

Body-cutting edges of the teeth form secondary cutting edges which 
finish the hole. 
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REAMER SPEEDS, FEEDS, AND LUBRICANTS 

Several factors govern correct speeds and feeds. Material to 
be reamed and the reamer itself are most important. The finish 
desired, hand or machine operation, lubricant used, and whether 
reamer is piloted must all be considered. 

In general, reamers can be run at about two-thirds drill speed for 
same size. It is best to start below this and increase to best pro¬ 
ductivity with satisfactory reamer life. 

Feeds are from two to three times corresponding drill, but 
reamer wear and feed marks and desired production must be 
balanced against each other. For reamers smaller than J inch try 
0.002 to 0.004 inch per revolution. For i to i inch, try 0.004 to 
0.008 inch; for i to ^ inch, try 0.008 to 0.014 inch; for ^ to i inch, try 
0.014 to 0.030 inch; above r inch, try 0.630 to 0.050 inch. Alloy 
and hard steels use the lighter feeds, and cast iron, brass, and 
aluminum use the heavier ones. 

Tables i and 2 give suggested speeds and feeds for reamers in 
screw machines and in regular machine reaming. 

Use of lubricant depends on the finish, production, material, and 
amount of stock removed. If stock removal is heavy, a flood of 
lubricant will carry away chips and heat. Good lard oil will often 
improve finish of hole reamed. 

SHARPENING REAMERS 

Reamers are correctly sharpened at the factory. To sharpen a 
dull reamer requires a good cutter grinder and a good mechanic. 



Fig. 3.—Cutting Edges of Reamer 


Instruction books with the machine show in detail how they must be 
handled. The three kinds of clearances have been mentioned. 
Usually the point clearance is the only one for the user to watch, as 
this does most of the work and dulls frequently. Oil stones should 
only be used to remove burrs, not for sizing. Figures 3 to 11 give 
suggestions as to reamer action and sharpening. 

Land clearance is most important, affecting both cutting action 
and reamer life. Double or single back-off with a small cyUndrical 
land are most common. Lands vary from 0.005 lo 0.015 inch. 
Gearance back of la^id is from s to 7 degrees. Double clearance is 




GRINDING POINTS 


used on many inserted blade reamers, as in Fig. 7. Rose reamers 
have no land clearance, but only end cutting. 



Top view 

To sharpen, grind off por+ion +oo+h 

X and regrind edges AB 
wi+h proper clearance. 

Fig. 5. —Grinding Point for Entering Hole 

Eccentric clearance is used on removable blade reamers. It is 
good for adjustable and hand reamers. Single or double back-oiff 
with no radial land is used for extremely free cutting, as in taper 
reamers. 
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Point clearance allows the reamer to cut its way into the hole. 
Machine reamers have from 8o to loo degrees included angle. 



I • • 


abed 

Fig. 6 .—Reamer Ends for Different Work 



A B C D 

Double Eccentric No Cleoiroince Sharp Clearance 

Cleotroince Clearance (Rose reamer (No land) 

Style) 

Fig. 7. —Clearance of Reamers 



Machine reamer at Machine reamer 
start of cut. cutting. 


Fig. 8 .—How a Machine Reamer Cuts 

Hand reamers have an entering taper of about i degree total. The 
long taper point gives a scraping cut and makes a smootli, accurate 
hole. The point is beveled as with machine reamers. 
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The kind of material, stock to be removed, and method of reaming 
affect the type of point to be used. The illustrations in Figs. 8 


Mctferiaf reamed 
•from ho/e (eKctg- 
gerated to show 
cutting eg/ge). 


1 


Hand Reamer a+ Hand Reamer Cuf+inq 

Stqrf of Cut 

Fig. 9.—Hand-Reamer Action 



Fig. 10.—Reamer Grinding Set-Up 




Fig. 12 . —Three Forms of Flutes 


and 9 are self-explanatory. They show an exaggerated amount of 
metal being removed to show cutting edges more clearly. Figures 
ic and 11 Slow set-ups for grinding reamer. 


















x64 


REAMERS AND REAMING 


FORM OF FLUTES 

The form of reamer flute is important because it affects the 
strength of the tooth and the chip space. Both these are important 
in taper and machine reamers. Fillets are always necessary. 
Figure 12 shows three types, A for heavy chucking, B with straight 
flanks, and C with concave flank. This gives more chip space and 
is used for irregular spacing as lands can easily be kept at uniform 
width. 


Chatter 

Chattering is counteracted by using an odd number of flutes, 
helical flutes, or unequal spacing. The first method is usually 
ineffective and makes calipering difl&cult. Helical flutes are effec- 




Fig. 13.—Unequal Spacing of Flutes 


/?a/re omg/e 



^eeih behind 



Teeth ahead I 



Pake' 

I angle 

d b c 

Positive Rake Negative Rake Zero Rake 

(Rddiotl teeth) 

Fig. 14.—Rake of Reamer Teeth 


tive but cost more than unequal spacing. Heavy chucking reamers 
often have a right-hand helix to give rake to teeth on the end and 
aid in feeding reamer. For finishing, a left-hand helix is used in a 
right-hand cut to prevent drawing into the cut. A good example of 
unequal spacing is seen in Fig. 13. 

Rake of Teeth 

Examples of tooth rake are given in Fig. 14. In general, straight 
fluted reamers have a slight negative rake, whereas helical reamers 
have a slight positive rake. Suggested point grinding for different 
toetals is shown in Fig. 15. 
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From 0,OOS**fo0.005*^hs$ approx. [_ I T Yrnr^r 

fhan fronfcuffingctiam, clearance p??**^*" a a 

fosuiflengfhofblacfe, ang/e^^ | Size ^ ° lr£nr/in«» 

See column**Z 


Reoimer f. „ 
c:-^ A B per inch 
cleoirance 

^ tot ^ moF 

a ‘ I ^ 0.010* 10** 0-002" 

° o : 3=^ ^i-^ 2 §'>o2 £ 0.(BP 10° 0.002* 

“c’^ ipijoo^io: m2i; 

M y|o.ooi8" 

dioim. 


0^^ an-#"' dn^ 

O.OOS less cuffing diam OJOOS** less cuffing dhm 0.005'7ess cuffing ofiam. 

4- li">5ViW 6- 


•L. x 4 S** /" 

!!!S X%nc 


0.005**less cuffing diam. Q.005**fess cuffing d/am. ^er indy^nd^m. 


''■ uaAs’- is: 



O.OOS jess cuffing diam.\0.003’*less cuffing diam. ^WS less cuffing diam. 

COS-^ 

JO / Ui-J S' diam. 0.0/0** fo 


rrff/6"fe rp.m. 0.0/2*^ 

\ ^ OOl5**sfock 

— *}'■*— J ^ ^ diam. 0.0/0* 

O.OOJVess cuffing diam. 0.006**/ess cuffing diam 0.0/5** feed 



1. Red brass 

2. Bronze, cast bronze 

3 . Casf pon, sfeei, hard 
aluminum casHng 

4*Copper, babbi+f, 
soft bearing mefal 


5. Aluminum 11. Ampco mefal 

6. Aluminum bronze 12. Die cast metal, 

7. Lynite zinc base 

8. Steel tubing l3*Nitralloy 

9. Steel forcing 14. Dow me-lal (cast 

K). Malleable iron magnesium alloy) 


Fig. 15 .—Reamers for Different Metals 


The tables that follow give clearance used in grinding reamers for 
various purposes. 
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REAMER CLEARANCE 

Ground with Cup Wheel 3" dia.—Tooth Rest to be Set 
Central with Grinding Wheel Spindle. Set Work 
holding Centers above Emery Wheel Center‘by 
Amount given below in Tables No. 1-2 and 3. 


Set Tooth Rest 
Below Work 
Holding Centers. 
Amount ^ven 
Below in Table 
No. 4 


TABLE X 

Hand Reamer for Steel 
Cut’g Clearance Land 
/)o6 Wide 

TABLE 2 

Hand Reamer 
for Cast Iron 
and Bronze 
Cut’g Clear¬ 
ance Land 
.025 Wide 

TABLE 3 

Chucking 
Reamer for 
Cast Iron and 
Bronze Cut’g 
C1 e a r a n ce 
Land .025 
Wide 

TABLE 4 

Chucking Ream¬ 
ers for Steel Cir¬ 
cular Ground 

Size of 
Reamer 

For Cutting 
Clearance 

For Second 
Clearance 

For Cutting 
Clearance 

For Second 
Clearance 

For Cutting 
Clearance 

For Second 
Clearance 

Angle on 
End of 
Blade 

For Cutting 
Clearance 
on Angle 


.012 

.052 

•032 

.072 

.040 

.080 

45 Degrees 

.080 

9 » 

IS 

.012 

.057 

.032 

.072 

.040 

.080 

45 


.080 

i * 

.012 

.062 

.032 

.072 

.040 

.090 

45 


.090 

K 

.012 

.067 

.035 

•09s 

.040 

.100 

45 


.100 

i : 

.012 

.072 

•035 

.095 

.040 

.100 

45 


.100 


012 

.077 

.037 

.095 

. .045 

.125 

45 


.125 


012 

.082 

.040 

.120 

.045 

.125 

45 


.125 


012 

,087 

.040 

.120 

.045 

.125 

45 


.125 

X ' 

.012 

.092 

.040 

.120 

.045 

.125 

45 


.125 


012 

.097 

.040 

.120 

.045 

.125 

45 


.125 

** 1 

.012 

.102 

.040 

.120 

.045 

.125 

45 


.125 


.012 

.106 

.042 

.122 

.045 

.125 

45 


.135 

li 

012 

.112 

•045 

.145 

.050 

.160 

45 


.160 


.012 

.118 

•045 

.145 

.050 

.160 

45 

“ 

.160 

Al 

.012 

.122 

.045 

.145 

x»50 

.160 

45 


.175 


.012 

.127 

•045 

.145 

.055 

.175 

45 


.175 

Al 

.012 

.133 

.048 

.168 

.055 

.175 

45 

“ 

.175 


.012 

•137 

.050 

.170 

.055 

.175 

45 


.175 

if * 

012 

.142 

.050 

.170 

060 

.200 

45 


.200 

ijr 

.012 

.147 

.050 

.170 

x>6o 

.200 

45 


.200 

if' 

012 

.15a 

.052 

.192 

060 

.200 

45 

** 

.200 


.012 

.157 

.052 

.192 

.060 

.200 

45 


.200 

A 

012 

.162 

^356 

.196 

.060 

.200 

45 

“ 

.200 

ifr 

.012 

.167 

.056 

.196 

.064 

.200 

45 

“ 

.200 

2 

012 

.172 

.056 

.216 

064 

.224 

45 


.235 


.012 

.172 

.056 

.216 

.064 

.224 

45 


.325 


.012 

.172 

.059 

.219 

.064 

.224 

45 


.225 


.012 

.17a 

.059 

.219 

.064 

.224 

45 

** 

.235 

at 1 

.012 

.172 

.063 

.223 

.064 

.224 

45 


.225 


012 

.17a 

.063 

.223 

.064 

.224 

45 

** 

.235 

2} J 

.012 

.172 

.063 

.223 

.068 

.228 

45 


.230 


.012 

.173 

.063 

.223 

.068 

.228 

45 

ii 

.330 

Al 

.012 

.172 

.065 

.225 

.072 

.232 

45 


.330 


012 

.lya 


.225 

.072 

.232 

45 


.230 


.012 

.173 

.065 

.225 

.075 

.335 

45 


.335 


.0X2 

.173 

.065 

.225 

.075 

■235 

45 


.335 

2| 

X)12 

.173 

.065 

.325 

077 

i 

.237 

45 


.240 


Mount Tooth Rest on Grinding Wheel Head 


Mount Tooth 
Rest on Table 
of Machine 
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REARfSR CLEARANCE 

Ground with Cup Wheel 3" dia.—Tooth Rest to be Set 
Central with Grinding Wheel Spindle. Set Work 
holfUng Centers above Grinding Wheel Center by 
Amount given below in Tables No. 1-2 and 3. 


Set Tooth Rest 
Below Work 
Holding Centers. 
Amount given 
Below in Table 
No. 4 


TABLE I 

Hand Reamer for Steel 
Cut’g Clearance Land 
.006 Wide 

TABLE 2 

Hand Reamer 
for Cast Iron 
and Bronze 
Cut’g Clear¬ 
ance Land 
.025 Wide 

TABLE 3 

Chucking 
Reamer for 
Cast Iron and 
Bronze Cut’g 
C 1 e a r a n ce 
Land .025 
Wide 

TABLE 4 

Chucking Ream¬ 
ers for Steel Cir¬ 
cular Ground 

Size of 
Reamer 

For Cutting 
Clearance 

For Second 
Clearance 

For Cutting 
Clearance 

For Second 
Clearance 

For Cutting 
Clearance 

For Second 
Clearance 

Angle on 
End of 
Blade 

For Cutting 
Clearance 
on Angle 

^\K 

.012 

.172 

.065 

.225 

.077 

.237 

45 Degrees 

.240 

2 * 

.012 

.172 

.070 

.230 

.080 

.240 

45 


.240 

ah'* 

.012 

,17a 

.070 

.230 

.080 

.240 

45 

** 

.240 


.012 

.172 

.072 

.232 

.080 

.240 

45 

** 

.240 


.012 

.172 

.072 

.232 

.080 

.240 

45 

** 

.240 

HI 

.012 

.172 

.075 

.235 

.083 

.240 

45 

*• 

.240 


J012 

.172 

.075 

.235 

.083 

.243 

45 

“ 

.240 

3t 1 

.012 

.172 

.078 

.238 

.083 

•243 

45 

“ 

.245 


.012 

.172 

.078 

.238 

.087 

.243 

45 

“ 

.245 

4 I 

.012 

.172 

.081 

.241 

.087 

.247 

45 

** 

.245 


.012 

.172 

.081 

.241 

.090 

.247 

45 

** 

.245 

41 

.012 

.X72 

.084 

.244 

.090 

.250 

45 

** 

.250 


.012 

.172 

.084 

.244 

.090 

.250 

45 

“ 

.2 so 

3# j 

.012 

.172 

.087 

.247 

.093 

•253 

45 


.250 


.0X2 

.X72 

.087 

.247 

.093 

•253 

45 

** 

.250 

3I! 

.012 

.X72 

.090 

.250 

.097 

•257 

45 


•25s 


.012 

,172 

.090 

.250 

.097 

.257 

45 

** 

.255 


.012 

.172 

.093 

•253 

.xoo 

.260 

45 

** 

•255 

3 }r 

.012 

.172 

.093 

.253 

.100 

.260 

45 

** 

•255 

4^; 

.0X2 

.172 

.096 

.256 

.X04 

.264 

45 

** 

.260 


.0X2 

.172 


.256 

.X04 

.264 

45 


.260 

4* ^ 

. 0 X 2 

.172 

.096 

.256 

.X04 

.264 

45 

** 

.260 

4 A^ 

. 0 X 2 

.172 


.256 

.106 

.266 

45 


.260 

41 

.0X2 

.172 

.0^ 

.256 

.106 

.266 

45 


.265 


. 0 X 2 

.172 

.0^ 

.256 

.xo6 

.266 

45 


.265 

4J 2 

.012 

.172 

.0^ 

.256 

.io8 

.268 

45 


.265 

4 fB^ 

.0X2 

.172 

.096 

.256 

.108 

.268 

45 


.265 


.0X2 

.172 

.xoo 

.260 

.108 

.268 

45 


.265 

4fBl 

.012 

.172 

.100 

.260 

.108 

.268 

45 


.265 


. 0 X 2 

.172 

.xoo 

.260 

.110 

.270 

45 

** 

.270 

4k 

.0X2 

.172 

.xoo 

.260 

.xxo 

.270 

45 


.270 

4f 

.0X2 

.172 

.104 

.264 

.114 

.274 

45 

** 

.275 

4}r 

. 0 X 2 

.172 

.X04 

.264 

.1x4 

.274 

45 

** 

.275 

4i * 

.0X2 

.172 

.106 

.266 

.1x6 

.276 

45 


.275 

4\r 

. 0 X 2 

.172 

.106 

.266 

.1x6 

.276 

46 


.275 

5 . ! 

. 0 X 2 

.172 

. 1 X 0 

.270 

.1x8 

.278 

45 

u 

.275 

si 

x>xa 

.172 

.xx8 

278 







Mount Tooth Rest on Grinding Wheel head 


MountTooth 
Rest on Table of 
Machine 
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Cup Wheel Clearance Table 


Disk Wheel Clearance Table 


For setting tooth rest to obtain 
5® or 7° clearance when grinding 
peripheral teeth of milling cutters 
with cup-shaped wheel. Tooth 
rest is set below work centers as 
at A , the distance being found in 
the table below. 


Giving distance B for setting 
work centers and tooth rest be¬ 
low center of wheel spindle to 
obtain 5° or 7® clearance with 
wheels of different diameters 
when grinding with periphery of 
disk wheel. 


Dia. 

Cutter 

Inches 

For 5® 
Clearance 

A- 

For 7® 
Clearance 

A=- 

Dia. of 
Wheel 
Inches 

For 5* 
Clearance 

B - 

For 7* 
Clearance 
B- 

i 

.oil 

.015 

2 

•0937 

•125 

t 

•015 

.022 

2 i 

.099 

.141 

i 

.022 

.030 

=j 

.110 

.156 

t 

.028 

•037 


.125 

.172 

} 

•033 

.045 

3 

.132 

.187 

i 

•037 

.052 

3 l 

.143 

.203 

I 

.044 

.060 

3 i 

.154 

.219 

ii 

•055 

•07s 

3 i 

.165 

.234 

li 

.066 

.090 

4 

.176 

.250 

ij 

•077 

•105 

4 i 

.187 

.265 

2 

.088 

.120 

4 i 

.198 

.281 

2i 

.099 

•135 

4 l 

.209 

.297 

2j 

.110 

.150 

5 

.220 

•312 


.121 

.165 - 

5} 

.231 

.328 

3 

.132 

.180 

si 

.242 

.344 

3i 

.154 

.210 

5 } 

•253 

•359 

4 

.176 

.240 


.264 

•375 

4 i 

.198 

.270 


.275 

•390 

5 , 

.220 

.300 


.286 

.406 

Si 

.242 

.330 


.297 

.421 

6 

.264 

=sy,=aas 

.360 


.308 

•437 
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Reaming Speeds and Feeds in Screw Machines 


Diameter I 
of Reamer, 
in Inches 

Feed per 
Revolution, 
in Inches 

j 

Amount toi 
Remove on 
Diameter, 
in Inches* 

R.P.M. at Various Peripheral Speeds 

Screw 
Stock at 
40 Feet 

Brass 
Rod at 
130 Feet 

Cast 
Iron at 
45 Feet 

Tool 
Steel at 
25 Feet 


o.oos 

0.004s 

1222 

3072 

1375 

764 


fV 

0.006 

0 .0045 

81S 

2648 

917 

509 



0.007 

0.006 

611 

1986 

688 

382 



0.0085 

0.006 

407 

1324 

458 

254 



0.0105 

0.008 

306 

993 

344 

191 



0.012 

0.008 

24s 

795 

275 

153 



O.OIA 

0.008 

204 

662 

229 

127 

I 


0.010 

0 .010 

153 

497 

172 

95 



0.018 

0.010 

122 

397 

138 

76 


i 

0.020 

0.010 

102 

331 

115 

63 

1] 

1 

0.022 

0.010 

87 

284 

98 

54 

2 


0.024 

1 0.013 

76 

248 

1 86 

48 

2i 

0.026 

0.013 

68 

220 

76 

42 

2h 

0.028 

0.013 

6i 

199 

1 69 

38 

2i 

0.030 

0.013 

S6 

I81 

63 

35 

3 


0.032 

0.013 

51 

165 

57 

32 


* It is common practice to drill the hole to be reamed with a drill ^ inch 
undersize. This theoretically leaves 0.015 inch stock to remove on the 
diameter. However, the drill will cut oversize from 0.001 to o.oos inch, 
depending on how accurately it is sharpened. 


Reaming Speeds for Various Materials 
Reamers with carbide blades can usually be run at a speed two to 
three times as great as that shown for high-speed reamers. 


Material to Be 
Reamed 


Cutter Speed in Ft. 

per Min. 


High¬ 

speed 

Steel 

Super 

Hi-Speed 

Steel 

Rexalloy 

Tantalum 

Carbide 

Tungsten 

Carbide 

Aluminum. 

0 


1150 


1500 

Brass, soft. 

125 


200 


475 

Bronze, hard. 

100 

i 

130 


325 

Bronze, very hard 

40 

60 



170 

Cast iron soft. .. . j 

bS 

90 

no 


200 

Cast iron hard.... 

40 

55 

75 


175 

Cast iron chilled,. 


40 

50 


150 

Malleable iron.... 

8s 

100 

130 


310 

Steel soft. 

75 

85 


200 


Steel medium. 

65 

75 


. 165 


Steel hard. 

40 

55 


J2S 










SECTION V 


TAPS AND TAPPING 

Tapping of threaded holes plays such an important part in all 
machining that full information as to standard taps available, the 
terms used, and other data are essential. Few shops however make 
any but special taps so that detailed information as to these seems 
unnecessary. The kinds and sizes of taps that are available, 
together with the tolerances to which they are made, are given in 
the tables which follow. These are the standards of the American 
Standards Association, May, 1938. It must be remembered 
however that because of the wide variation in manufacturing 
methods and shop conditions, the size of the tapped hole cannot be 
guaranteed. 

Cut thread taps made to the specifications given in the tables, 
when used under normal conditions, should, in the majority of cases, 
produce holes within Class 2 tolerances of the American Standard 
for screw threads. 

Ground thread taps made to the specifications given in the tables 
when used under normal conditions, should, in the majority of 
cases, produce holes within Class 3 tolerances of the American 
Standard for screw threads. 

Form of Thread. —The form of thread profile as specified for the 
taps covered by this standard is known as the “American Standard 
Form.” The basic angle of thread between the sides of thread 
measured in an axial plane is 60 degrees. The line bisecting this 
60-degree angle is perpendicular to the axis of the screw thread. 
The basic depth of the thread form h is found as follows: 

h = 0.649519 X p = — 

n 

The basic pitch diameter is the number obtained by subtracting 
the single thread depth from the basic major diameter; that is, 

Basic pitch diameter - D — h 

where D — major diameter. 
h = depth of thread. 
n = number of threads per inch. 

P «= pitch of thread. 

Definition of Taps 

Standard Hand Tap.—Probably the original style of tap. So colled 
because it is primarly for use by hand. Today, however, standard hand taps 

170 
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are used largely in machines. They are short taps with thread and shank 
of approximately the same length, the latter having a square to accommo¬ 
date a tap wrench or other driving mechanism. Made in fractional sizes 
only. 

Two- or Three-Fluted Tap. —Standard hand tap in .every respect with 
two or three flutes. Suitable for machine use in tapping tough stringy 
metal. 

Spiral (Helical) Pointed Hand Tap. —Standard hand tap with a fewer 
number of flutes and wider lands and with the cutting face of the first few 
threads ground at an angle to force the chips ahead to prevent clogging in 
the flutes. . 

Serial Hand Tap. —Standard hand taps in sets of three, the No. i being 
smaller than the No. 2 and the No. 2 being smaller than the No. 3, so that 
the work is divided among three taps. For very tough metal where a full 
thread cannot be cut at one pass. Distinguished by rings on the shank near 
the square. 

Standard Machine Screw Tap. —This is similar to the standard hand 
tap except that it is made in numbered or machine screw sizes. 

Spiral (Helical) Pointed Machine Screw Tap. —See Spiral (Helical) 
Pointed Hand Tap. 

Stub Machine Screw Tap. —A machine screw tap with three flutes for 
all sizes and with a thread considerably shorter than a standard machine 
screw tap. For use in tapping thin metal, and to overcome breakage. 

Spiral (Helical) Pointed Stub Machine Screw Tap. —Stub machine screw 
tap having two flutes with the cutting face of the first few threads ground at 
an angle to force the chips ahead and prevent clogging of the flutes. 

Nut Tap. —A tap designed for the use of shops that tap their own nuts, 
generally from blanks supplied by a nut manufacturer. They are usually 
made with a taper in the angle of the thread so that a full form thread can be 
produced. The length overall, length of thread, and length of shank are 
longer than a standard hand tap. 

Straight-Shank Tapper Tap. —A tap used by nut manufacturers in tapping 
nuts in vertical spindle machines. They are 12 or 15 inches long and the 
nuts are allowed to accumulate on the shank during the tapping operation. 
Shanks are machined to fit the various spindles in ordinary use. Made in 
both fractional and machine screw sizes. 

Bent-Shank Tapper Tap. —A tap designed for use in an automatic tap¬ 
ping machine. The nuts are fed to the tap by a hopper, and there is a 
continual production of tapped product without stopping or reversing. 
Made in both fractional and machine screw sizes. 

Pulley Tap. —Originally designed for use in tapping setscrew holes in the 
hubs of steel pulleys. The thread length is approximately equal to that of 
a standard hand tap, while the shank is full diameter of the thread and 
comes in various lengths. Recently the field for this tap has been expanded 
to meet the demands of those who want hand taps in longer lengths. 

Taps for Beaman and Smith Holder. —A hand tap having a shank turned 
and splined to fit the friction tap holder put out by Beaman and Smith. 
The demand for this tap is gradually diminishing. 

Straight Boiler Tap. —A hand tap having 12 threads per inch. Used by 
railroads and locomotive builders for tapping straight holes in boiler plate 
by hand. 

Taper Boiler Tap. —A hand tap having a i-inch taper per foot, 12 threads 
per inch. Used by locomotive builders and railroad shops for tapping taper 
threaded holes in boiler sheets. 

Mud or Washout Tap. —A hand tap having ij-inch taper per foot, 12 
threads per inch. Used in tapping and retapping the holes in mud drums 
in boiler work. 

Steybolt Tap. —A tap having 12 threads per inch, provided with a long 
shank and reamer section. Used by boiler makers in tapping boiler sheets 
preparatory to inserting the staybolts. The tap is generally used in an 
air drill. Is also made with a V thread. 

Spindle Staybolt Tap.—A short tap with a hole drilled through its entire 
length through which fits a spindle which acts as a guide. ^ Used for tapping 
holes from the inside of fire boxes in locomotive work. 

Taper Pipe Tap. —A hand tap used for tapping all kinds of American 
Standard t^er pipe fittings, either by machine or by hand. 

Straight Pipe Tap.—A hand tap the same as the taper pipe tap except 
that the threaded portion is straight and of proper size for tapping American 
Standard straight pipe thread. 
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Coupling Tap. —A tap used by the manufacturers of pipe coupling for 
tapping their product. It is a straight tap and passes entirely through the 
coupling during the threading operation. The shank is long enough to 
accommodate two tapped couplings. 

Combined Pipe Tap and Drill.—A taper pipe tap having an extended 
point suitable for drilling and a taper square shank. Used for drilling and 
tapping holes in range boilers and similar work in one operation. 


Screw Thread Terms and Definitions 

Allowance. —The intentional difference in dimensions between the mini¬ 
mum hole and the maximum screw which indicates the minimum clearance 
or maximum interference intended between mating parts. 

Angle of Thread.—The angle included between the sides of the thread, 
measured in an axial plane. 

Axis of Screw.—The longitudinal central line through the screw from which 
all corre^onding parts are equally distant. 

Back Taper. —A slight relief on the body of the tap axially, which makes 
the pitch diameter of the thread near the shank somewhat smaller than that 
at the point. 

Base of Thread. —The bottom section of a thread; the greatest section 
between the two adjacent roots. 

Basic. —The theoretical standard size from which all variations are made. 

Chamfer. —The tapering of the end of the tap by cutting away the crest 
of the first few threads to distribute the cutting action over several teeth. 
It also acts as a guide in starting the tap into a hole. 

Crest.—The top surface joining the two sides of a thread. 

Crest Clearance.— Defined on a screw form as the space between the crest 
of a thread and the root of its component. 

Depth of Engagement. —The depth of a thread in contact, of two mating 
parts —measured radially. 

Depth of Thread. —The depth of thread, in profile, is the distance between 
the top and the base of thread measured normal to the axis. 

Flute.—That portion cut away between the lands. 

^ Helix Angle—Thread. —The angle made by the helix of a thread at the 
pitch diameter with a plane perpendicular to the axis. 

Helix Angle — Flute. —The flutes of taps are sometimes cut helically instead 
of straight to either puli the chips out of the hole or to bridge a gap such as 
a key way. This hehx angle is the angle made by the flute with the axis of 
the tap. 

Interrupted Thread. —Applied to taps with an odd number of flutes so 
that every other tooth along the helix is removed. This reduces friction 
and allows thicker chips per tooth to be taken and is sometimes used fot" 
relatively large taps in tough metals. 

Land.— That portion of a thread not cut away by the flutes. 

Lead. —The distance a screw thread advances axially in one turn. On a 
single screw thread the lead and pitch are identical. On a double thread 
screw the lead is twice the pitch: on a triple thread screw the lead is three 
times the pitch, etc. 

Length of Measurement. —The length of contact between two mating 
parts measured axially. 

Lindts. —The extreme dimensions which are prescribed to provide varia¬ 
tions in fit and workmanship. 

Major Diameter. —Commonly known as outside diameter. On a straight 
screw thread the major diameter is the largest diameter of the thread on 
the screw or nut. The term “major diameter” replaces the term “outside 
diameter” as applied to the thread of a screw and also the term “full diam¬ 
eter” as applied to the thread of a nut. 

Minor Diameter. —Commonly known as core or root diameter. On a 
straight screw thread the minor diameter is the smallest diameter of the 
thread on the screw or nut. The term "minor diameter” replaces the term 
“core diameter” and “root diameter” as applied to the thread of a screw 
and also the term “inside diameter” as applied to the thread of a nut. 

Number of Threads. —The number of threads in one inch of length. 

Pitch. — The distance from a point on a screw thread to a corresponding 
point on the next thxead measured parallel to the axis. The pitch equals 
one divided by the number of threads per inch. 

Pitch Diameter. —On a straight screw thread the pitch diameter is the 
diameter of an ima'diwtry cylinder which would pass through the threads at 
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such points as to make the width of the thread and the width of the spaces 
between the threads at these points equal. 

I^ke.—Hook or undercut on the face of the teeth. When the faces are 
radial, the rake angle is zero. The rake angle is positive when the outer 
end of the teeth is ahead of the bottom. The rake angle is varied for 
different materials and conditions of tapping. 

Relief. —The condition whereby metal is removed from behind the 
cutting edge to produce clearance and reduce friction. Taps should have 
the chamfer relieved and may or may not have relief in the angle and on the 
major diameter of the threads. 

Root. —The bottom surface joining the sides of two adjacent threads. 

Screw Thread. —A ridge of uniform section of some desired profile gen¬ 
erated in the form of a hdix on the inside or outside of a cylinder or cone. 

Side of Thread. —The surface of the thread which connects the crest with 
the root. 

Thread, V. —A form of thread having 60-degree angle and sharp top and 
bottom. Impossible in practice and always more or less modified to suit 
individual conditions. 

Tolerance. —The difference between the limits or maximum and minimum 
dimensions of a given part. A tolerance may be expressed as plus or minus, 
or both. A total tolerance is the sum of a plus and minus tolerance. 


MARKING 

General.—All taps, dies, and other threading tools shall be 
clearly marked with the nominal size, number of threads per inch, 
together with the proper symbol to identify the thread form. 

NC —indicating American Standard coarse-thread series. 

NP —indicating American Standard fine-thread series. 

N —indicating American Standard 8-pitch, 12-pitch, and 16-pitch series. 

NS —rindicating special threads with the American National form. 

NH —indicating American National hose-coupling threads. 

NPT —indicating American Standard taper-pipe threads. 

NPS —indicating American Standard straight-pipe threads. 

Grease—indicating a standardized undersize straight pipe thread for grease 
cup fittings. 

V —indicating a 60-degree V thread usually with both the crest and 

root flatted several thousandths from the theoretical to users’ 
specifications. 

Acme —indicating American Standard 29-degree acme-type thread. 


Ground Thread Taps 

All commercial ground thread taps made to the thread limits 
shown in Tables 3 and 6 will be marked with one ring on the shank 
near the thread in addition to the standard marking. 

All precision ground thread taps made to the thread limits shown 
in Table 4 will be marked with the limit number. Other pre¬ 
cision ground thread taps will be marked with the same limit 
number, as follows; 


Taps having a P.D. between basic and minus 0.0005. 01 

Taps having a P.D. between basic and plus 0.0005....... i 

Taps having a P.D. between .0005 to 0.0010 over basic... 2 


Ground thread pipe taps made to Tables B and 9 will be 
marked‘‘CG.” 

Other special ground thread taps will be marked CG if the pitch 
diameter grinding tolerance is equal to or greater than shown on 
page 174, and will be marked PG if it is less. 
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Inches 

4 to si threads per inch, inclusive. 0.0020 

o threads per inch. . .. 0.0018 

7 threads per inch. . . o.ooiS 

8 threads per inch. 0.0014 

9 threads per inch. 0.0012 

10 and IIJ threads per inch. o.ooii 

12 threads per inch and finer. 0.0010 


Multiple-Thread Taps and Dies 

Taps and dies having multiple threads will be marked with (i) 
diameter, (2) number of threads to the inch, (3) form of thread, (4) 
lead designated in fractions, and (5) double, triple, or quadruple. 

Example. —A i-inch, 16 double-thread special tap with American 
National form of thread will be marked as follows: 

i"-i6 NS 
I Lead Double 

The same tap with acme thread will be marked as follows: 

i"-i6 Acme 
I Lead Double 

American Standard Thread Series 

The American Standard coarse thread series includes the follow¬ 
ing sizes and pitches: 


No. 1-64 NC 

I "-9 

NC 

No. 2-56 NC 

I" -8 

NC 

No. 3-48 NC 

ii "-7 

NC 

No. 4-40 NC 


NC 

No. s-40 NC 

ii"-6 

NC 

No. 6-32 NC 

ir-6 

NC 

No. 8-32 NC 

ii"-S 

NC 

No. 10-24 NC 

2" -4i NC 

No. 12-24 NC 

2V'-A\ NC 

i" -20 NC 

2*"-4 

NC 

A'---i8 NC 

2|"-4 

NC 

r' -16 NC 

3" -4 

NC 

tV"-I 4 NC 

3 i "-4 

NC 

V' -13 NC 

3jt"-4 

NC 

A"-i2 NC 

3 i "-4 

NC 

t - NC 

4 "-4 

NC 

1 " -10 NC 




The American Standard fine thread series includes the following 
sizes and pitches: 

No. 0-80 NF I" -24 NF 

No. 1-72 NF A"-20 NF 

No. 2-64 NF -20 NF 

No. 3-56 NF iV"-i8 NF 

No. 4-48 NF f" -18 NF 

No. 5-44 NF I'' -16 NF 

No. 6-40 NF E' -14 NF 

No. 8-36 NF 1" -14 NF 

No. 10-32 NF -12 NF 

No. 12-28 NF ij" -12 NF 

i" -28 NF i}" -12 NF 

tV "-24 NF li" -12 NF 

The American Standard for screw threads includes also an 8-pitch, 
12 -pitch, and i6-pitch series. 
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32,36 . 4 2 iV I I i 0.160 0.125 

24,32 . 4 2i i i 0.192 0.149 















Table i.—Regular Hand Taps, Formerly Called “Standard.”— Continued 
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TAPS AND TAPPING 



Size of 
Square 

W 

0.167 

0.119 

0.238 

0.286 

« W) M CO 
•«t t' dvO 0 

Cl Cl CO fO ^ 

00000 

N to 0 CIO 
4 Cl 0 t»o 
4 «oo 0 c» 

ooooo 

H to On N a to 
to Cl r- to to 

00 On On 0 M Cl 

0 0 0 M M M 


Diameter 
of Shank 

Q 

U^oo I-I 
U) M 00 

N (N fO 

0000 

to 0 \ 0 Cl 
ci'OcioO'«t 
to to ^ '«1’ lO 

00000 

0 C* 0 0 M 
On 0 0 0 Cl 
loooooo 0 

0 0 0 0 M 

00 to 10 0 On 4 

0 to 0 to M 4 

M Cl to 4 lOO 

H M H M M M 


Length of 
Square 

C 

-.•C-B* 


M 


Dimensions 

Length of 
Full 
Thread 

B 


M M M M M 

N Cl Cl N Cl 

"CHSHSHS 

to to to CO to to 


Length 

Over All 

A 

CS CH N w 

to to to to 

Tl- ■0- »o »o »o 

'O'O'O C'C*t» 

Number 
of Flutes 

rj- Tt" rf ^ 

"t 't 

^ <it Tf rf ^ 

«it ^vO 'O >0 NO 


% 

0) 

(/) 

12; 

: : : : : : : :'2 : : : : : :::::: 

y 

a 

HH 

<u 

TJ 

y 

y 

0, 

c/p 


• 00 r}- tJ- 

• d cs w 

0 Ooooo • 

Cl <M M M . 

0 '« 1 - Cl Cl 

d d • • • • 

ffi 

0 

:2; 

• 0 OO'O 

. « M M 

^ to Cl M • 

0 OnoO C' C* 

VOO • • . • 

-o 

t 

s 2 

'y 

V 

* 

ifi 

ro Cl 

4 '^ « 0 
« 4 o ^ 

<S CJ 

4 ^ Cf M* 

M pI mm 

c- ’ 

Cl Cl Cl ; 1 

ci ci ci ; 1 

: \ 


a 

0 

•e 

* 

• 00 rf- -It 

• « Cl Cl 

0 OOOoO • 

Cl Cl M M . 

0 Tf tT d Cl 

d d • • • • 



0 

• 0000 

• Cl M M 

^tOCI M . 

0 OnoO 

• HW 

vO'O • »0 • 


i- 










H H H 

H M H H M r* 



♦ 
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Table 2.—Tolerances 





Tolerance 

Element 

Range 

Direction' 

Cut 

Thread 

Ground 

Thread 

Length over all (A). 

Af to I inch 

Plus or minus 

A 

A 

It to 2 inch 

Plus or minus 

A 

A 

Length of thread (B)... 

A to Ar inch 
t to i incl. 

Plus or minus 
Plus or minus 

A 

A 

S 


A to IJ incl. 

Plus or minus 

A 

A 


If to 2 incl. 

Plus or minus 

i 

f 

Length of square (C)... 

A to I incl. 

Plus or minus 

A 

A 


It to 2 incl. 

Plus or minus 

A 

A 

Diameter of shank (D). 

A to A incl. 

J to f incl. 

Minus 

Minus 

0.004 

0.00s 

0 oois 
o.oois 


H to I incl. 

Minus 

0.00s 

0.002 


to ij incl. 

Minus 

0.007 

0.002 


if to 2 incl. 

Minus 

0.007 

0.003 

Size of square (E). 

A to f inch 

Minus 

0.004 

0.004 


A to i inch 

Minus 

0.006 

0.006 


if to 2 incl. 

Minus 

0.008 

0.008 


All dimensions are given in inches. 

These taps are furnished with American National form of thread in taper, 
pli^ or bottoming style, excejit where so stated. 

Cut thread taps will be furnished unless ground thread taps are specified. 
Cut thread taps up to Vk inch inclusive have external center on thread 
end; sizes | inch and larger have internal center in thread end. 

All ground thread taps { inch and larger have internal center in thread end. 
Machine screw taps are recommended for sizes under J inch. 

Sizes and dimensions not listed are special. 

Left-hand taps are special. 


Lead Tolerance 
Cut threads, ± 0.003 inch per inch of thread. 
Ground threads, ± 0.0005 mch per inch of thread. 


Angle Tolerance—Cut Threads 


Threads per Inch 

Error in Half-Angle 

Error in Full Angle 

4f to sJ 

± 35 ' 

S 3 ' 

6 to 9 

±40' 

60' 

10 to 28 

±45' 

68' 

30 to 64 

±60' 

90' 


Angle Tolerance—Ground Threads 


Threads per Inch 

Error in Half-Angle 


6 to 9 

± 25 ' 


10 to 28 

±30' 








Table 3.—Hand Taps, Cut Thread, and Hand Taps, Commercial Ground Thread—National Form 
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Table 4.—Hand Taps, Precision Ground Thread—National 

Form 



Pitch' Diameter Limits 


0.2540 

0.2550 

0.2175 1 

0.2170 

0.2175 0.2180 0.2185 0.2190 

0.2525 

0.2535 

0.2268 


0.2268 0.2273 0.2278 0.2283 

0.3170 

0.3180 

0.2764 

0.2759 

0.2764 0.2769 0.2774 0.2779 

0.3ISS 

0.3165 

0.2854 


0.2854 0.2859 0.2864 0.2869 

0.3800 

0.3810 

0.3344 

0.3339 

0.3344 0.3349 0.3354 0.3359 

0.3780 

0.3790 

0.3479 


0.3479 0.3484 0.3489 0.3494 

0.4435 

0.4445 

0 3911 

0.3906 

0.3911 0.3916 0.3921 0.3920 

0.44IS 

0.4425 

o..<<oso 


0.4050 0.4055 0.4060 0.406s 

0.5065 

0.5075 

0.4500 

0.4495 

0.4500 0.450s 0.4510 0.451S 

0.5040 

0.5050 

0.4675 


0.467s 0.4680 0.4685 0.4690 

0.5690 

0.5700 

0.5084 


0.5084 0.5089 0.5094 0.5099 

0.5670 

0.5680 

0.5264 


0.5264 0.5269 0.5274 0.5279 

0.6320 

0.6330 

0.5660 


0.5660 0.566s 0.5670 0.567s 

0.6295 

0.630s 

0.5889 


0.5889 0.5894 0.5899 0.5904 

0 . 7 S 7 S 

0.7590 

0.6850 


0.6850 0.6855 0.6860 0.6865 

0.7550 

0.7560 

0.7094 


0.7094 0.7099 0.7104 0.7109 

0.8835 

0.8850 

0.8028 


0.8028 0.8033 0.8038 0.8043 

0.8810 

0.8820 

0.8286 


0.8286 .8291 0.82^ 0.8301 

1.0095 

I.OIIO 

0.9188 


0.9188 0.9193 0.9198 0.9203 

1.0060 

1.0070 

0.9536 


0.9536 0.9541 0.9546 0.9551 


Lead Tolerance 

A maximum lead error of ±0.0005 inch in i inch of thread is pernutted. 


Angle Tolerance 


8 to 9 threads per inch 
10 to 28 threads per inch 


± 25 minutes in half-angle. 
± 30 minutes in half-angle. 


Hand Tap Shanks 


Tap 

Diam¬ 

eter 

Shank 

Diam¬ 

eter 

Size of 
Square 

Lengthof 
Sauare, 
in Inches 

Tap 

Diam¬ 

eter 

Shank 

Diam¬ 

eter 

Size of 
Square 


0.141 

0. no 

A 

f 

0.542 

0.590 

0.406 

0.442 

‘a' 

0.160 

0.125 

i 

i 

I 

0.697 

0.800 

0.523 

0.600 

A 

0.192 

0.149 

I 


0.896 

0.672 

A 

0.223 

0.167 

i 

li 

1.021 

0.766 

i 

0.255 

0.191 

A 

li 

1,108 

0.831 

fs 

0.318 

0.238 

A 

I ■ 

I.233' 

0.92s 

i 

0.381 

0.286 

t. 

I 

1.30s 

0.979 


Square, 
in Inches 
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Table $.—Machine Screw Taps 
Cut Thread—American National Form 
Thread Limits 


Screw Gage 
Number 

Threads 
per Inch 

Major Diameter, 
in Inches 

Pitch Diameter, 
in Inches 

NC 

NF 

NS 

Basic 

Min. 

Max. 

Basic 

Min. 

Max. 

o 



80 

0.0600 

0.0609 

0 .0624 

0.0519 

0 .0521 

0.0531 

I 



56 

0.0730 

0.0742 

0.0757 

0 .0614 

0.0616 

0 .0626 

1 

64 



0.0730 

0.0740 

0.0755 

0.0629 

0 .0631 

0.0641 

I 


72 


0.0730 

0.0740 

0.0755 

0.0640 

0.0642 

0.0652 

2 

S6 



0.0860 

0.0872 

0.0887 

0.0744 

0.0746 

0.0756 

2 


64 


0.0860 

0.0870 

0.0885 

0.0759 

0.0761 

0 .0771 

3 

48 



0.0990 

0.1003 

0.1018 

0.085s 

0.0857 

0.0867 

3 


56 


0.0990 

0.1002 

0.1017 

0 .0874 

0.0876 

0 .0886 

4 



32 

0.1120 

0.1142 

0.1162 

0 .0917 

0.0922 

0.0937 

4 



36 

0.1120 

0.1137 

0.1157 

0 .0940 

0.0942 

0.0957 

4 

40 



0.1120 

0.1136 

0.1156 

0.0958 

0.0960 

0.0975 

4 


48 


0.1120 

0.1133 

0 .IIS 3 

0 .0985 

0 .0987 

0.1002 

S 

40 



0.1250 

0.1266 

0.1286 

0.1088 

0.1090 

0.1105 

5 


44 


0.1250 

0.1264 

0.1284 

0.1102 

0.1104 

0.1119 

6 

32 



0.1380 

0.1402 

0.1422 

0.1177 

0.1182 

0.1197 

6 



36 

0.1380 

0.1397^ 

0.1417 

0.1200 

0.1202 

0.1217 

6 


40 


0.1380 

0.1396 

0.1416 

0.1218 

0.1220 

0.123s 

8 

32 



0.1640 

0.1662 

0.1682 

0.1437 

0.1442 

0.1457 

8 


36 


0.1640 

0.1657 

0.1677 

0.1460 

0.1402 

0.1477 

8 



40 

0.1640 

0.1656 

0.1676 

0.1478 

0.1480 

0.149s 

10 

34 



0.1900 

0.1928 

0.1948 

0.1629 

0.1034 

0.1649 

10 



30 

0.1900 

0.1923 

0.1943 

0.1684 

0.1689 

0.1704 

10 

•• 

32 


0.1900 

0.1922 

0.1942 

0.1697 

0.1702 

0.1717 

12 

24 



0.2160 

0.2188 

0.2208 

0.1889 

0.1894 

0.1909 

12 


28 


0.2160 

0.2184 

0.2204 

0.1928 

0.1933 

0.1948 

12 



32 

0.2160 

0.2182 

0.2202 

0.1957 

0.1962 

0.1977 

14 



20 

0.2420 

0.2452 

0.2477 

0.209s 

0.2100 

0.2120 

14 



24 

0.2420 

0.2448 

0.2473 

0.2149 

0.2154 

0.2174 


Machine Screw Tap Shanks 


Screw Gage 

Shank Diam- 

Square 

Number 

eter 

Size 

Length, in Inches 





i 

0.141 

0. no 

A 




8 

0.168 

0.131 

i 

10 

0.194 

i 0.152 

i 

12 

0.220 

0.16s 

TJ 

14 

0.247 

0.185 
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Table 6.—Machine Screw TapIs 
Commercial Ground Thread—American National Form 
Thread Limits 


Screw Gage 
Number 

Threads 
per Inch 

Major Diameter, 
in Inches 

Pitch Diameter, 
in Inches 

NC 

NF 

NS 

Basic 

Min. 

Max. 

Basic 

Min. 

Max.' 

3 

48 



0.0990 

0.1000 

0.1010 

0.0855 

0.0857 

0.0867 

3 


S6 


0.0990 

0.099s 

0.1005 

0.0874 

0.087^ 

0.0886 

4 



36 

0.1120 

0.II3S 

0.114s 

0.0940 

0.0942 

0.0952 

4 

40 



0.1120 

0.1135 

0.1145 

0.0958 

0.0960 

0.0970 

4 


48 


0.1120 

0.1130 

0.1140 

0.098s 

0.0987 

0.0997 

S 

40 



0.1250 

0.1265 

O.I 27 S 

0.1088 

0.1090 

O.IIOO 

S 


44 


0.1250 

0.1260 

0.1270 

0.1102 

0.1104 

0.1114 

6 

32 



0.1380 

0.1400 

O.I4IO 

0.1177 

0.1182 

0.1192 

6 


40 


0.1380 

0.1395 

0.140s 

0. 13 I 8 

0.1220 

0.1230 

8 

32 



0.1640 

0.1660 

0.1670 

0.1437 

0.1442 

0.1452 

8 


36 


0.1640 

0.1655 

0.166s 

0.1460 

0.1462 

0.1472 

10 

24 



0.1900 

0.1930 

0.1940 

0.1629 

0.1634 

0.1644 

10 


32 


0.1900 

0.1920 

0.1930 

0.1697 

0.1702 

0.1712 

12 

24 



0.2160 

0.2190 

0.2200 

0.1889 

0.1894 

0.1904 

12 


28 


0.2160 

0.2185 

0.219s 

0.1928 

0.1933 

0.1943 

14 



20 

0.2420 

0.2460 

0.2470 

0.2095 

0.2100 

0.2110 

14 



24 

0.2420 

0.2450 

0.2460 

0.2149 

0.2154 

1 

0.2164 


Lead tolerances are the same as for hand taps. 


Angle Tolerance—Cut Thread 

20 to 28 (inch) threads per inch = ±45 minutes in half-angle « ±68 
minutes in full angle. 

30^ threads per inch and finer — ± 60 minutes in half-angle ■= ± 90 minutes 
in full angle. 


Angle Tolerance—Ground Thread 
20 to S6 (incl.) threads per inch =■ ±30 minutes in half-angle. 

Pulley taps, nut taps, and staybolt taps are made with approxi¬ 
mately the same tolerances as hand taps. 

The size of a tapped hole, however, is affected by the material, by 
the way the tap is ground, by whether it is dull or sharp, and by the 
lubricant used. A heavy oil will make a tap cut oversize. This is 
sometimes used to compensate for the shrinkage of a tapped hole in 
hardening. Bakelite and other plastic material usually closes in 
after the tap is withdrawn. 
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TAPS AND TAPPING 


Table 7.—Dimensions of Pipe Taps 
Taper 





0.312 0.37480.37330.3763 

o. 459 o. 4899 0.4884 O . 4914 
0.4S4 0.62700.62530.6288 

0.579 0.77840.77670.7802 


0.565 0.98890.98690.9909 


0.678 1.2386 1.2366 1.2406 

0.6S6 1.58341.58111.5856 

0.699 I.8223 I.8201 I.8246 

o. 667 2.2963 2.2938 2.2988 

0.92s 2.76222.75942.7649 

0.92s 3.38853.38583.3913 

0.938 3.88883.88613.8916 

0.950 4.38714.38444.3899 


For thread diameters see Cols. A and B, Table I, p. 96 and p. 150. 
Tolerances 


Length overall, J to i inch inclusive. Plus or minus * inch 

Length overall, j to 4 inches inclusive. Plus or minus A inch 

^ngth of thr^d... Plus or minus A inch 

Diameter of shank to i inch inclusive. Size to size minus 0.007 inch 

Diameter of shank over i inch. Size to size minus 0.009 inch 

Size of square to i inch inclusive. Size to size minus 0.006 inch 

Size of sqviare over i inch. Size to size minus 0.010 inch 

Distance projecting through gage, f to i inch inclusive Plus or minus .-A inch 
Dii^ance projecting through gage, x to 3 inches inclu- 

.*.• .A’ ..j "'inus A inch 

Distance project, ng through gage, 3i inches and over Plus or minus | inch 
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Table 8.—Pipe Tap Tolerances—Cut and Ground Threads 



vragB 

Measure¬ 

ment* 

Lead Toler¬ 
ance per 

Angle Tolerance 
in Minutes 

Projection 
Tolerance 1 
Plus or 

Inch of 
Thread Plus 
or Minus 

Half Angle 
Plus or 

Pul] 

Angl 


la^ 
per Foot 
Plus or 
Minus 




0.003 o 
0.003 o 
0.003 o 
0.003 o 
0.003 o 
o.003 o 
o.003 o 
o.003 o 
0.003 o 
o.003 o 
0.003 o 
0.003 o 
o. 003 o 


* For basic distance small end of tap should project through American 
Standard ring gage. See table on p. 149. 

Table 9.—Pipe Tap Diameter at Gage Point 


Distance 
of Gage 
Point 
from End 
of Tap 
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Table io.—Combined Pipe Tap and Drill, Carbon Steel— Cur 
Thread 



These taps are furnished with American Standard form of thread. 
The shanks are the standard drill size taper square shanks. 

Sizes and dimensions not listed are special. 

Left-hand taps are special. 


Dimensions in Inches 


Nominal 
Size in 
Inches 

Threads 

per 

Inch 1 

Length 

Over¬ 

all 

A 

Length 
of Full 
Thread 
B 

Len^h 

Square 

C 

Size Square 

Drill Diameter 
D 

Small 

End 

Large 

End 

Size 

Deci¬ 

mal 

Eauiv- 

afent 



27 

6 

1 

ij 




j 


R 

0.339 



i 8 

e i 

lA 

Ij 




] 



0.437 



i 8 


I 

A 

il 


1 





0.578 



14 


I 


i] 






14 

0.719 



14 


I 






- j 


V 

0.921 

I 


ii 4 

I'? 

11 


ij 






I ^ 

1.156 


\ 

II* 


I: 


i] 




i 


ir 

1.500 

ij 

[ 

II* 


11 


15 


j 


-j 


iH 

1.734 

2 




11 


2 


1 


I 


2 ^ 

2.218 


Tolerances 


Element 

Range, Nominal 
Size in Inches 

Direction 



i to 2 incl. 

t to 1 incl. 

I and It 

1} and 2 

1 to 1 incl. 

I to 2 incl. 

Plus or minus 

Plus or minus 
Plus or minus 
Plus or minus 

Plus or minus 
Plus or minus 

i 


Length of thread—-B. 

Cvage meaeiirement'^. 



* Dittanoe of tap projects through American Standard ring gage. 
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Table 11.—Mud or Washout Taps, Carbon Steel—Cut 
Thread 



k--B- 


These taps are furnished with National or V form of thread. 

Mud or washout taps are regularly furnished with a taper of inches to 
the foot and are marked to correspond with taper plugs bearing the same 
numbers. 

All taps have internal center in thread end. 

Sizes and dimensions not listed are special. 

Left-hand taps are special. 


Dimensions in Inches 




Range, Tap 
Number 

Direction 

Tolerance 
in Inches 

I to s iticl. 

Plus or mimts 

A 

I to s inch 

Plus or minuQ 

A 

I to 5 incl. 

Plus or minuit 


I to S inch 

Minus 

0.007 

1 to S incl. 

Minus 

0.008 
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A o . 185 o . 139 0.177 IA o . 147 o . i8s o . 170 o . 134 
f 0.240 0.180 0.232 IA 0.188 0.240 0.221 0.165 
H o. 294 0.2200.286 X A o. 240 o. 290 0.271 o. 208 
J 0.34s 0.259 0.336 IA 0.290 0.340 0.320 0.240 


I 0.400 0.300 0.390 IA 0.320 0.400 0.374 0.286 I 3 

\ 0.450 0.337 0.446 IA 0.350 0.450 0.422 0.318 I 3 

H 0.503 0.377 0.500 IA 0.390 0.500 0.450 0.350 I 3 

[ 0.616 0.462 0.610 IA 0.4S0 0.615 0.540 0.422 IA 3 

IA 0.727 0.545 0,722 IA 0.540 0.720 0.630 0.500 IA 3 


IA 0.727 0.545 0,722 ] 


.540 0.720 0.630 0.500 I A 3 


li 0.834 0 .625 0.829 I 
It 0.9330.7000.9291 

I A 1.058 0.793 I 053 I 
il 1.153 0.865 1.149 I 
I.278 0.958 1.269 I 


0.650 0.825 0.730 0.574 11 
0.710 0.930 0.855 0.667 If 
0.780 1 .055 0.975 0.760 1 1 
0.850 1.150 1.055 0.824 if 
0.950 1.275 1.195 0.917 It 


Tolerances 


Element 

Range, 
in In^es 

Direction 

Tolerance, 
in Inches 

Cut 

Thread 

Ground 

Thread 

Length of square. 

i to ♦ incl. 
1 to If incl. 

Plus or minus 
Plus or minus 

i 

i 

Sise of square.. 

^ to i incl. 

Minus 

0.004 

0.00a 

0.000 

A to I incl. 

Minus 

0.000 

A ' 

1 

Jt to li ind. 

Minus 

0.008 

0.008 













STUD FITS 


187 


THREADING SPEEDS 

Threading speeds depend on many factors. Kind of material, 
depth of hole, cutting rate and relief of tap, chip room in the flutes, 
and the lubricant all play a part. Experiments have shown that the 
speed of taps affects the size of hole as well as the life of the tap. 
In one case, changing the speed and the lubricant made a variation 
of 0.0029 inch on a i-20 tap. 

Material also greatly affects speed and life. In one case a 5-40 
high-speed tap that would run at 75 to 80 surface feet per minute 
in cast iron was reduced to 26 feet in a tough material. This 
increased the life from 30 to 40 times. 

Chamfer on Dies 

All standard dies are chamfered approximately as shown in the 
following table. 


Table 13.—Approximate Number of Threads Chamfer 


Tyi>c of Die 

Front Face 

Rear Face 

Spring screw threading. 

Solid square bolt. 


1-1} 

Solid square pipe. 

2 i -3 

0 

Adjustable round split, straight thread 

2 i -3 

i-il 

Adjustable round split, taper thread... 

21-3 

0 

Gas fixture. 

2 i -3 

i-ii 

Hexagon rethreading. 

I 

1 

I 


Threads on Studs 

The fitting of the fixed ends of threaded studs has been ^ven 
much attention, especially by builders of automobile engines. 
Studs are usually threaded with the American Standard pitches on 
the end that screws into the cylinder block, or the fixed end, but 
frequently have the finer threads for the nut. With two diameters 
engaged in the work, the stud will usually break before it will pull 
out. In order to ensure that the stud is a tight fit in the hole, so 
that it will not unscrew when removing the nut from the stud, the 
fixed end is frequently made slightly oversize in order to make it a 
force fit. 

Several large users make the fixed end of the stud with thr^d of 
SS degrees instead of 60, and slightly oversize. The metal in the 
stud flows slightly into the 60-degree angle and niakes a vey tight 
fit. This practice also permits a greater variation i^. thread diam¬ 
eter and at the same time secures a better fit than is usually possible 
where both threads are of tiie same angle. Although this method 
gives a better fit, the stud can be backed out without tearing the 
metal in the hole. 
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E^qperiments have also been made with studs cut to a lead that 
was slightly off standard. This also forces the threads to flow in 
the tapped hole. The use of the 55-degree angle in the thread 
on the stud is much easier to obtain and gives equally good results. 

Stud Fits 

The accompanying tables show the accepted allowance in both 
cast iron and aluminum. The tapped-hole pitch diameter in 
columns 4 and 5 are Class IV fits. 

Table i 4 .~Stud Fits in Cast Iron 

NATIONAL COARSE THREAD—NC 


I 

2 

3 

4 

5 

6 

7 

8 

1 ^ 


Stud 

Tapped Hole 

Drive 

Tap 

Size 









and 

Pitch Diameter 





Pitch Diameter 

Pitch 



Go 

No Go 

Min. 

Max. 






Gage 

Gage 

Drive 

Drive 




Min. 

Max. 



Min. 

Max. 

i-30 

0.2196 

0.2203 

0.2175 

0.2188 

0.0008 

0.0028 

0.2170 

0.3I7S 

A-18 

0.2789 

0.2804 

0.2764 

0.2779 

0.0010 

0.0040 

0.2759 

0.2764 

}-i6 

0.3370 

0.3389 

0.33441 

0.33601 

0.0010 

0.004s 

0.3339 

0.3344 

0.3916 


0.3941 

0.3961 

0.3911 

0.3929 

0.0012 

0.0050 

0.3911 

i-13 

0.4533 

0.4555 

0.4500 

0 4519 

0.0014 

o.ooss 

0.4500 

0.4505 


0.5120 

0.5144 

0.5084 

0.5104 

0.0016 

0.0060 

0.5084 

0.5089 


0.5698 

0.5720 

0.5660 

0.5681 

0.0017 

0.0060 

0.5660 

0.566s 

|-IO 

0.6891 

0.6915 

0,6850 

0.6873 

0.0018 

0.006s 

0.6850 

0.685s 

9 

0.8071 

0.8096 

0.8028 

0.8052 

0.0019 

0.0068 

0.8028 

0.8033 

I" - 8 

0.923s 

0.9260 

0.9188 

0.9215 

0.0020 

0.0072 

0.9188 

0.9193 

li - 7 

1.0372 

1.0397 

1.0322 

1.0352^ 

0.0020 

0.0075 

1.0327 

1.0337 

il - 7 

1.1621 

I.1649 

1.1572 

1.1602 

0.0022 

0.0077 

1.1577 

1.1587 

ij - 6 

1.3976 

I.4001 

I.3917 

1.3953 

0.0023 

0.0084 

1.3922 

1.3932 
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Table 15.—Stud Fits in Aluminum 

NATIONAL COARSE THREAD—NC 


I 

a 

3 

B 



B 

8 

9 


Stud 

Tapped Hole 

Drive 

Tap 

Size 

and 

Pitch 

Pitch Diameter 

Go 

No Go 

1 

Min. 

Max. 

Pitch Diameter 


Min. 

Max. 

Gage 

Gage 

Drive 

Drive 

Min. 

Max. 

i-20 

A-18 

its 

i-io 

}- 9 

1" - 8 

1} - 7 

It - 7 

i| - 6 

0.2216 

0.2809 

0.3390 

0.3961 

0.4SS3 

0.S140 

0.5718 

0.6911 

0,8091 

0.92SS 

1.0392 

1.1644 

1.3990 

0.2223 

0.2824 

0.3409 

0.3981 

0.4S75 

0.5164 

0.5740 

0.693s 

o.8ii6 

0.9280 

1 1.0417 
1.1669 
1.4021 

0.2I7S 

0.2764 

0.3344 

0.39II 
0.4500 
0.5084 
0.5660 
0.6850 
0.8028 
0.9188 
1.0322 
I.1572 
I.3917 

0.2188 

0.2779 

0.3360 

0.3929 

0.4519 

0.5104 

0.5681 

0.6873 

0.8052 

0.921S 

1.0352 

1.1602 

1.3953 

0.0028 

0.0030 

0.0030 

0.0032 

0.0034 

'O.0036 

0.0037 

0.0038 

0.0039 

0.0040 

0.0040 

0.0042 

0.0043 

0.0048 
0.0060 
0.006s 
0.0070 
0.0075 
0.0080 
0.0080 
0.008s 
0.0088 
0.0092 
0.0095 
0.0097 
0.0104 

0.2170 
0.2759 
0.3339 
0.3911 
0.4500 
0.5084 
0.5660 
0.6850 
0.8028 
0.9188 
1.0327 
1.1577 
I.3922 

0.2I7S 

0.2764 

0.3344 

0.3916 
0.4S0S 
0.5089 
0.5665 
0.6855 
0.8033 
0.9193 

1.0337 

1.1587 

1.3932 


In sizes i to i inch, tapping can usually be done in one pass, 
whereas A inch and larger usually require roughing and finishing 
taps. Wnen roughing taps are necessary, these sizes should be as 
follows: 

Amount Roughing Tap 
Should Be Below Basic P.D. 

Size of Taps in Inches Size in Inches 

i to I ii(o.ois 6 ) 

I and larger ^(0.0312) 

Watch Screw Taps 

Table i6 gives all the standard taps used in connection with the 
screws listed by the Elgin Watch Company. The diameter in 
thousandths of an inch and number of threads per inch are marked 
on the handle of each tap. 
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Table 16.—Elgin Watch Screw Taps 


Diameter of Tap 

Threads 
per Inch 

Diameter of Drill 

Inches 

Millkneters 

Inches 

Millimeters 

.0132 

•33 

360 

mm 

.38 

.0148 

•37 

320 


.30 

.0168 

• 42 

260 


•33 

.0208 

•52 

220 


• 42 

.0228 

•57 

260 

KM 

•47 

.0248 

.62 

220 

.0200 

•SO 

.0268 

.67 

180 

.0220 

•55 

.0288 

•72 

220 

.0248 

.62 

,0308 

•77 

180 

.0248 

.62 

.0308 

•77 

220 

.0268 

.67 

.0368 

•92 

140 

.0280 

.70 

.0368 

•92 

220 

.0268 

• 67 

.0408 

1.02 

I20L 

.0300 

• 75 

.0408 

1.02 

200 

.0348 

.87 

.0428 

1.07 

120 

.0328 

.82 

.0448 

1.12 

no 

,0340 

-8s 

.0468 

1.17 

no 

.0348 

.87 

.0488 

1.22 

140 

.0400 

1.00 

.0488 

1.22 

200 

.0436 

1.09 

.0508 

1.27 

iioL 

.0388 

•97 

.0548 

1-37 

180 

.0488 

1.22 

.0608 

1.52 

no 

. 0488 

1.22 

.0608 

152 

noL 

.0488 

1.22 

.0708 

1.77 

180L 

.0648 

1.62 

.0768 

1.92 

noL 

.0708 

1.77 

.0772 

1-93 

80L 

.0612 

1-53 

,0892 

2.23 

80L 

.0712 

1.78 
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Table 17 gives the pitch, the diameter of the thread, and also the 
proper size of the tap drill, for all the screws used in the Waltham 
Watch movements. 


Table 17.—Waltham Watch Screw Taps 


No. of 
Tap 

No. of 
Threads 
to an Inch 

Diameter of Thread on 
Screvra 

j Diameter of Drill 

In Inches 

In Milli¬ 
meters 

In Inches 

In Milli¬ 
meters 

I 

no 

0.05906 

1.50 

0.05197 

1.32 

3 

no 

0.04724 

1.20 

0.04016 

1.02 

5 

120 

0.04331 

1.10 

0.03741 

0.9s 

7 

140 

0.03937 

1.00 

0.03347 

0.85 

9 

160 

0.03661 

0-93 

0.02796 

0.71 

II 

170 

0.05276 

1-34 

0.04803 

1.22 

13 

180 

0.03937 

1.00 

0.03347 

0.85 

IS 

180 

0.03268 

0.83 

0.02796 

0.71 

17 

200 

0.02560 

0.65 ^ 

0.02126 

0.54 

19 

220 

0.02166 

0-55 

0.01772 

0.45 

21 

240 

0.01772 

0 - 4 S 

0.01339 

0.34 

23 

254 

0.01379 

0-35 

0.01064 

0.27 


Table 18.—Pendant Taps 


Size 

Diameter of Tap 

Threads 
per Inch 

Diameter of Drill 

Inches 

Millimeters 

Inches 

Millimeters 

18 

.236 

. 5-90 

50 

.211 

5.28 

16 

. 200 

5.00 

60 

. 180 

4 -50 

12-6 

.176 

4.40 

66 

IS8 

3-95 

0 

.156 

390 

66 

.138 

3-45 

S/o 

.128 

3.20 

80 

.114 

2.8s 

lo/o 

.103 

2.58 

90 

.086 

2.IS 


Crown Taps 


Size 

Diameter of Tap 

Threads 
per Inch 

Diameter of Drill 

Inches 

Millimeters 

Inches 

Millimeters 

18 

.091 

2.28 

60 

.071^ 

1.78 

16 

.077 

1.93 

72 

.063 

1.58 

12-6-0 

.061 

1-53 

80 

.048 

r. 20 

S/o-io/o 

.048 

1.20 

no 

.038 

0.9s 
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Watchmakers* Measurements 

Showing the comparative values of the standards of measure¬ 
ments commonly used by watchmakers. 

One douzi^me = 0.0074 inch 
One millimeter = 0.03937 inch 
One ligne = 0.0888 inch 
One ligne = 2.256 millimeters 

The Elgin Watch Company has two gages, one known as the 
“upright,** the other as the “fine.** 

One degree “upright** gage = or 0.002 inch 
One degree “fine” gage = or 0.0004 inch 

Button and Fastener Measurement 

The button and fastener industry also uses the “ligne** as a unit 
of measurement, but their ligne is 0.025 inch. A 20-ligne button is 
i inch in diameter. 


Table 19.—Table of Jewel Setting Diameters 
Showing Their Sizes in Thousandths of an Inch and Equivalent 
Diameters in Millimeters 


Inches 

Millimeters 

Inches 

Millimeters 

Inches 

Millimeters 

•054 

1.37 

,088 

2.23 

. 126 

3-20 

.060 

I-S2 

.092 

2.33 

. 140 

3-55 

.070 

1.78 

,096 

2.43 

.144 

3-65 

.076 

1-93 

. 106 

2.69 

.156 

3 96 

.080 

2.03 

.116 

2.94 

. 160 

4.06 

.084 

2.13 

.122 

3-09 

.170 

4-31 

.0^ 

2,18 






Thickness of Pallet Stones 

In Thousandths of an Inch and Equivalent Thickness in Millimeters 

Inches Millimeters 

18 and 16 Old Style (thick) 0.0168 = 0.4267 
18 and 16 New Style (thin) 0.0148 = 0.3759 
6 Old Style (thick) 0.0146 = 0.3708 
6 New Style (thin )o.oi28 = 0.3251 

Tapping and Threading Speeds 

In multiple machine tapping the Fox Machine Company recom¬ 
mends 30 feet cutting speed for cast iron and aluminum and about 
18 feet for steel A full thread is unnecessary and requires more 
space for ^hips fb blind holes. 
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Table 20.—Recommended Face Grinds for Die Chasers 
The list shows the general “face grinds” and “cutting lubricants” 
that have been found most satisfactory on the materials listed by 
the Murchey Machine & Tool Co. The different grinds are shown. 
It may be necessary to alter these “grinds” slightly to meet definite 
problems. 

G C Q D 


Round 

Hook 


S+rcilqhf Negafive 


Aluminum and alu¬ 
minum alloys. 

Brass bar. 

Brass, cast. 

Brass, forging and 

stamping. 

Brass tubing. 

Bronze, cast. 

Bronze rod and tub¬ 
ing. 

Copper. 

Fiber. 


Iron, cast. 

Iron, malleable. 


Iron, stainless. 

Iron, wrought. 

Monel metal. 

Pipe, cast iron. 

Pipe, iron and steel 
(tapered threads).. 
Pipe, iron and steel 
(straight threads),. 
Screw stock—Besse¬ 
mer and open 

hearth. 

Steel, carbon. 

Steel, chromium. 

Steel, chromium 

vanadium. 

Steel, forgings. 

Steel, nickel. 

Steel, nickel chro¬ 
mium. ..'. 

Steel, stainless. 

Steel, tool. 

Drawn steel tubing.. 
Rubber. 


Hobbed Chasers 
for Die Heads 

Chasers for Taps 
Straight or Taper 

lo-degree round 
hook 

S-degree hook 
Straight 

9-degree hook 

o-degree hook 
Straight 

p-degree hook 
9-degree hook 
Straight 

9-degree hook 
Round hook 
S-degree hook 

^degree hook 
Round hook 
S-degree nega¬ 
tive 

Straight 

Round hook 
Round hook 
Straight 

Straight 

S-degree hook 

9-degree hook 

Round hook 
9-degree hook 
o-degree hook 
Straight 

Round hook 
o-degree hook 
Round hook 
Straight 

S)-degree hook 

Round hook 

9-degree hook 

Round hook 

9-degree hook 
9-degree hook 
9-degree hook 

Round hook 
Round hook 
Round hook 

9-degree hook 
9-degree hook 
9-degree hook 

Round hook 
Round hook 
Round hook 

9-degree hook 
Round hook 
9-degree hook 
9-degree hook 
5-degree hook 

Round hook 
Round hook 
o-degree hook 
Round hook 
Straight 


Comp, or paraffin 
Dry 

Comp, or paraffin 
Comp, or paraffin 
Dry 

Comp, or paraffin 
Comp, or paraffin 
Dry 

Dry or with com¬ 
pound 

Dry or with com¬ 
pound 

Sulphur base oils 
Sulphur base oils 
Sulphur base oils 
Dry or with com¬ 
pound 

Sulphur base oils 
Sulphur base oils 


Sulphur base oils 
Sulphur base oils 
Sulphur base oils 

Sulphur base oils 
Sulphur base oils 
Sulphur base oils 

Sulphur base oils 
Sulphur base oils 
Sulphur base oib 
Sulphur base oils 
Dry 
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Table 22.—^Landis Threading Speeds 
National Fine Threads 



Cutting speeds listed are for annealed stock only. When heat-treated material is threaded, decrease cutting speed 20 to 30 
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FILES AND WORK BENCHES 

FILE CHARACTERISTICS 

Files have three distinguishing features: 

Length —measured exclusive of the tang. 

Kind Of name —which has reference to their shape or style; 
namely, flat, mill, half round, etc. 

Cut —which has reference to the character and coarseness of the 
teeth; namely, coarse, bastard, second cut, and smooth. 

The tang is the sharp-pointed end of the file fitted for the handle. 
The heel is the shoulder of the file next to the tang. The point is the 
end of the file opposite the tang. The hody is that portion of the file 
extending from the point to the heel. The length of a file is the 
distance between its heel and point. 



Files are made hlunt^ that is, parallel in width and thickness 
from point to heel, or tapered^ that is, with the size more or less 
reduced in both width and thickness by a gradually narrowing 
section extending from one-half to two-thirds the length of the 
file from the point. Comparatively few blunt files are now made. 

As files are tools for abrading or removing material, the arrange¬ 
ment and the coarseness of the teeth of which their surface is com¬ 
posed are of vital importance. As a general principle, files used for 
producing a sharp or a cutting edge on the material filed should 
be single cut, that is, having continuous teeth across their surface. 
Such teeth are also required on files used for smooth finishing or 
for use on surfaces that are to be polished. Most other files are 
required to be made double-cut, that is, having two rows of teeth 
which cross each other producing tooth points across the surface 
in place of a continuous file tooth. Double-cut files have the first 
cut, called the overcut,” usually at an angle, say, of 45 degrees 
with the center line of the file. This is crossed with the upcut, 
at' the opposite angle, at an angle of approximately 25 degrees. 
These angles will vary for different classes of files and for different 
uses. There is also what is known as rasp cut which differs from 
the single-cut and the double-cut in that the teeth are disconnected 
from each other, each tooth being made by a single pointed tool 
called a **punch/* 

ig6 
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File makers constantly try to iihprove the cutting quality of their 
product. The Disston Company now makes a file with staggered 
teeth and rounded gullets, to produce longer chips and avoid clog¬ 
ring. The Nicholson Company has also produced new file teeth 
for special work. 



Dead Smooth 

Actual Tooth Spacing of Double-Cut Files 



Smooth Smooth 

Actual Tooth Spacing of Single-Cut Files 


For convenient classification and a better understanding, files 
may be grouped into three general classes: 

The Saw-FUe Group ^ 

This group includes mill files; triangular saw files, such as tapers, 
slim tapers, extra-slim tapers, double-extra-slim tapers, double 
enders; crosscut, cantsaw, pitsaw, etc., all usually maae ringle-cut 
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Files in this group are made in various lengths, some extending from 
4 to 16 inches, others from 3 to 12 inches, whereas some lines are 
confined to a very few sizes. Mill files are made in cuts of bastard, 
second-cut, and smooth. Some saw files are now made with teeth 
cut straight across to aid in filing teeth evenly. 



A 

A 

A 

Mill 

Taper 

Slim 

Taper 

Extra 

Slim 

Taper 





Crosscut 

Cantsaw 

Pitsaw 


The Machinist’s File Group 

This second group includes flat, hand, half-round, round, square, 
warding, knife, etc., usually made double-cut with the exception of 
small rounds and the backs of the finer cuts of half-rounds, which are 
single-cut. Files in this group are made in bastard, second-cut, 
and smooth, and in lengths in some kinds and cuts extending from 
4 to 20 inches, others in a small range of sizes. 

H 

Flci+ Hand Half Round Round Square 

Rasps and Miscellaneous Files 

The third group includes flat and half-round wood rasps, cabinet 
rasps, show and horse rasps, cabinet files. These are made usually 
in a range of sizes from 6 to 14 inches, and sometimes 16 and 18 
inches, or in some cases with a smaller variety of sizes. 


Cabinet Rasp Shoe Rasp 

In addition to the general classifications of files as indicated 
above, there are certain special shapes, kinds, and cuts of files 
made for certain specific special uses, the type and cut being deter¬ 
mined by the particular service in which they are employed. These 
include aluminum files for automobile-body builders and workers 
on aluminum, sheet steel, etc.; brass files for use on various com¬ 
positions of brass, bronze, etc.; testing files for testing the hardness 
of various tools and cutters; and curved-tooth files for use on sbft 
materials and, to some extent, on wood and steel. 

While regular files are generally made in a large assortment of 
sizes, files of the even-inch length are more often called for and are 
more largely sold than files of the odd-inch length. 

Bastard-cut files are most commonly used, but second-cut and 
smooth-cut files are frequently required where finer finish to the 
work is needed. V 



Horse Rasp 
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There is also another very distinct group comprising so-called 
‘‘Swiss pattern^* files. This is made in a great variety of ^apes and 
cuts and is a distinctive line, as compared with regular files, the 
shapes being made with smaller points and the cuts being numbered 
from #00, the coarsest, to #6, the finest. In this group there are 
hand, pillar, pillar-narrow, pillar-extra-narrow, three-square, ward¬ 
ing, knife, half-round, crossing, barrette, round, square, crochet, 
round-straight, slitting, equaling, metal-saw, cant, die-sinker, 
round- and square-handle needle files, and filing-machine files. 
Sizes are usually from 3 to 10 inches, and the cuts most called for are 
#00, o, 2, 4, and 6. Swiss pattern files are largely used for very 
particular work, like toolmaking, diesinking, jewelry work, and 
other fine work generally. 

A clean file is much more effective than one that has been allowed 
to become filled with dirt or filings, and the use of a file card or 
brush for this service would be found advantageous. The use of 
chalk or oil is sometimes recommended, but the general rule should 
be to keep the file clean. 

The height of the work or position in filing depends largely on 
the work to be filed and the conditions under which the filing must 
be done. For light, fine filing, work should be nearer on the level 
with the workman’s eyes, but for heavy filing, work may better 
be nearer the floor. Generally, however, for filing in a vise, a 
range of from 40 to 44 inches from the floor to the work will be found 
best. For heavy filing, a height should be found that will give a 
position enabling the workman to get the full free swing of his 
arms from the shoulder. 

Files are often worn out more by abuse than by use. They are 
intended to cut when in contact with the work and should be in 
such contact only during the advancing stroke, and pressure 
should be relieved during the back stroke, otherwise the sharp 
tooth points of the file will be damaged. Keep the file pressed 
firmly to the work. Keep it cutting. If not kept cutting with 
every stroke, the file wears out very quickly. The harder the 
material to be filed, the slower the stroke should be. 

Files are also being made with teeth at a much sharper angle for 
some kinds of work. A single-cut file with teeth at 45 degrees, or 
more, is advocated where it is necessary to file lathe work. Irregu¬ 
larly spaced teeth are made to avoid clogging with soft metals, and 
the curved tooth files, sometimes known as the “Vixen,” are widely 
used in some kinds of work. These are made seven and nine teeth 
to the inch. 

In recutting files, some advocate the sand blast instead of anneal¬ 
ing, grinding off old teeth, and recutting. 

WHEN A FILE CUTS BEST 

Edward G. Herbert, of Manchester, England, whagave the matter 
careful attention and has built file-testing niachines, came to the 
conclusion that a file did not cut best when it is new, but after it has 
been used for some little time, say 2,500 strokes or the filing away 
of I cubic inch of metal. Another curious feature is that its useful¬ 
ness seems to come to a sudden instead of a gradual end. 
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A bastard file having 25 teeth to the inch, operating on a surface 
I inch square with a pressure of 30 pounds, which is about equal 
to heavy hand filing, gives 25 cutting edges about i inch long, 
which likens it somewhat to a broad cutting tool in a planer. 

In cutting a file the metal is forced up in a sort of burr and occa¬ 
sionally the top of the tooth slopes over backwards, which is the 
reason that a file often cuts better after these are broken or worn off. 
Then, too, when a file is new, all the teeth are not of the same 
height, and only a few points cut. As they wear down, more teeth 
come into contact and do more work. 

ROTARY FILES 

Rotary files are made for finishing dies and similar work. They 
are generally driven by a flexible shaft so that they can be moved 
in any direction to get at corners or other parts. They are made in 
a variety of sizes and with teeth of different fineness. The surface 
speeds usually recommended are from 80 feet per minute for use 
on hard or alloy tool steels to 250 feet for aluminum and similar 
alloys. Safe speeds for rotary files on various materials are given 
in the table herewith. Rotaiy files are made in many shapes to 
suit a wide variety of work. 


Safe Speeds for High-Speed Steel Rotary Files 
(In Revolutions per Minute) 


.Pile 

Diameter, 
in Inches 

Alloy 

Tool 

Steel 

Carbon 

1 Tool 
Stee 

Mild 

Steel 

Cast 

Iron 

Brass 

Alumi¬ 

num 


S.ooo 

6,420 

7.500 

4,800 

12,000 

6,000 

i6,ooo 


2,500 

3.200 

3,750 

2,400 

8,000 

■A 

1,670 

2,150 

2,500 

1,600 

4,000 

5.400 


1,250 

1,600 

1.875 

1,200 

960 

3,000 

4.000 

A 

1,000 

83s 

1,300 

1,500 

2,400 

3,200 

f 

1,100 

1,250 

800 

2,000 

2,700 

A 

720 1 

920 

1,075 

690 

1,900 

2,300 

4 

625 

800 

1,000 

600 

1,500 

2,000 

1 

500 

650 

750 

480 

1,200 

1,600 

1 

420 

SSO 

625 

400 

1,000 

1,400 

f 

360 

475 

550 

350 

950 

1,200 

I 

320 

450 

500 

250 

750 

1,000 


Files are also made for filing machines. They may have special 
ends for machines of the jigsaw type or holes for fastening to belts 
in the machines of the band or continuous type. 

WORK BENCHES 

Design and construction of work benches vary with the kind of 
work for which they are intended. Chipping and filing require a 
more rigid bench than assembling, unless tne parts be heavy. The 
average shop must provide for various uses. Both wooden and 
metal tops are q^d, depending on both the kind of work and the 
preference pi the ^r. Laminated maple is a favorite for wood, and 
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combinations of wood in front and steel at the back are now com¬ 
mon. The wood is usually about one-half of the total width. The 
laminated maple tops vary from i| to 2 J inches thick. Solid plank 
tops are also used as shown. The standard height of New Britain 
benches is 32 inches from top to the floor. 

Cast-iron legs are almost obsolete, whether benches are built in 
the shop or are bought complete. Drawers are also of steel and 



back and end plates are common in some shops. Welded steel 
eliminates the annoyance of rivet heads. 

In addition to fixed benches, either against the wall or at right 
angles to the windows, there are now many uses for portable 
benches or stands. Some of these have casters while others have 
truck wheels under one end so as to be easily moved from place to 
place. Such stands may be used by repair men, and in some cases 
they are mounted on power-driven trucks to carry them from one 
part of the plant to another. 

Battleship linoleum is frequently used for bench covering in 
instrument work. Others find ordinary corrugated paper, used 
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with the corrugations up, advisable for assembling small mecha¬ 
nisms. The corrugations prevent small parts from rolling and the 
cover is cheaply and quickly renewed whenever necessary. 

Portable vise stands for blacksmiths and other workers are now 
part of standard shop equipment, while tool stands and work 
stands are to be found in many shops. Some of these benches and 
stands are illustrated herewith. Steel benches are also made with 
tirebrick tops for welding and brazing. 



SECTION VII 


BABBITTING, BRAZING, SOLDERING, 

AND WELDING 

BABBITTING 

Babbitting is the lining of a bearing with a soft metal to provide 
a suitable wearing surface for any rotating or sliding part. As the 
soft metal must be attached to the bearing itself by fusing, the 
operation bears a close relation to soldering. 

Isaac Babbitt may be called the father of soft-metal bearings. 
His original mixture, in 1839, is supposed to have been 88.9 per 
cent of tin, 3.7 per cent of copper, 7.4 per cent of antimony. Many 
variations are now used to meet special requirements, such as 
armature shafts, rock crushers, and mill machinery. Lead, nickel, 
and phosphor bronze are used as alloys, and makers of babbitt 
metals should be consulted as to the best mixtures for special uses. 
The following suggestions are by the More-Jones Metal Company. 

SUGGESTIONS FOR REBABBITTING BEARINGS 

To ensure best results, the babbitt pot should be pyrometer 
controlled. If a pyrometer is not available, pour tin-base babbitt 
metals when, in the molten state, they will quickly ignite a dry 
white pine stick. Lead-base compositions are ready to pour when 
the molten metal browns, but does not ignite, a dry white pine 
stick. 

The More-Jones Metal Company offers the following suggestions: 

1. All old babbitt should be chipped or melted out of the bearing, 
and the inside of the shell scraped well with a wire brush or scraping 
tool. It is essential that the entire metal lining surface be per¬ 
fectly clean and dry. If possible, boring is desirable. Then apply 
any good commercial soldering flux, and dip, brush, or spray the 
surface to be lined with molten half-and-half solder or pure tin. A 
small film of solder or tin will stick to the fluxed surface. More 
difficulty will be encountered in lining iron shells than those of 
bronze. Usually on large iron or bronze shells, anchor slots are 
employed, sometimes with and sometimes without the bonding 
process. 

2. The bearing and mandrel should be quite warm—about 2So®F. 
—but never excessively hot. A very hot mandrel will cause blister¬ 
ing and airpockets in the lining. The usual procedure is to chalk 
the mandrel or paint it with a mixture of clay and water, graphite, 
Or similar refractory mixture, to prevent sticking. However, in 
some instances, better results are obtained by pouring against the 
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bare mandrel. Jig and assembly should be checked for leaks and 
made as tight as possible to prevent the loss of metal during the 
pouring. 

3. It is advisable to melt the babbitt as close to the place of pour¬ 
ing as possible. If molten metal is carried any great distance, it 
has a tendency to cool rapidly, and by the time it is poured, it may 
be approaching a sluggish state. Under these circumstances, it is 
advisable to heat the babbitt from 25 to 50 degrees over the figures 
shown in Table i to allow for rapid cooling between pot and job. 
Good tight linings cannot be obtained when the metal is not fluid. 

4. Melting of babbitt should take place slowly. The babbitt 
must be at the proper temperature for pouring. As soon as babbitt 
begins to melt, the surface should be covered with powdered char¬ 
coal. This will retard formation of oxides and accumulation of 
dross, and act as a protective covering from the air. When bars 
or ingots have been completely melted and the babbitt is in a fluid 
state, stir thoroughly, over and over in the pot —not around and 
around. If possible, the same person or persons should do the 
rebabbitting, for experience leads to the best results. 

5. A ladle or ladles sufficiently large to hold all the metal neces¬ 
sary to pour entire bearing at one time should be on hand, and more 
babbitt melted than actually required. If another pour has to be 
made, after part of the lining has set, a definite seam is formed. 
This weakens the bond and causes premature loose linings, squash¬ 
ing, rapid wear, and sometimes complete failure. 

6. The metal should be thoroughly skimmed, then ladled out, 
dipping from below the surface, and poured slowly and steadily 
in a thin stream. A thick stream, which quickly fills the lining 
aperture, prevents escape of air, and causes blow-holes or seams. 
The lining will shrink somewhat when poured, so more babbitt 
should be steadily added, during the setting process, until the lining 
is at least flush with the end of the bearing. 

Note. —Be sure bearing and mandrel are not wet or damp, for hot 
metal coming into contact with moisture will splash or explode, 
sometimes causing painful and serious burns to the workmen. 

Some experimenting may be necessary to secure the most eflicient 
results with your particular bearings and shop facilities. However, 
good babbitts, if properly applied, will ensure long and satisfactory 
bearing life. A little practice—keeping in mind the foregoing sug¬ 
gestions—should give thoroughly satisfactory linings. 

SOLDERING 

A point frequently overlooked in soldering is the importance of 
properly cleaning the surfaces to be joined. This is too often left 
for the flux to correct. Another neglected point is the selection 
of the best flux to be us^. The after effects resulting from 
improper cleaning after soldering are frequently worse than the good 
effect of the soldering. This is particularly noticeable in electrical 
work. 

For strength, fit the parts accurately. The more accurate tbe 
fitting, the stronger the result. Use a solder with as high a melting 
point as possible. Apply the proper heat. The nearer the tern- 
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perature of work to be joined is brought to the fusing point of the 
solder the better will be the union, since the solder will flow more 
readily. 


Fluxes for Different Metals 

There are on the market a number of fluxes or soldering salts 
that are giving good satisfaction. A form that is noncorrosive 
and very popular with electrical workers is the soldering stick in 
which the ingredients are molded into stick form. 


Table 2.—Materials Used for Typical Soldering Jobs 


Job 

Solder 

Flux 

Neutralizer 

General electrical 
connections in as¬ 
semblies which 
cannot be washed 

45 % tin—SS % 
lead 

or 

33 % tin—67 % 
lead 

Rosin 

None 

Running seams on 
sheet metal (other 
than lead and its 
alloys) 

45 % tin —55 % 
lead 

or 

33 % tin—67 % 

lead 

Soldering salts 
(Ammonium chlo¬ 
ride and zinc 
chloride) 
Naphthalene 
Tetrachloride 

Cyanide wash, 
hot-water wipe, 
or alcohol wash 

Copper, brass, phos- 
pnor bronze, 
nickel, silver, 
tinned and un¬ 
tinned sheet 

4 ^ tin —55 % 

or 

3^ %^tin —67 % 

Soldering salts 
(Ammonium chlo¬ 
ride and zinc 
chloride) 
Naphthalene 
Tetrachloride 

Cyanide wash, 
hot-water wipe, 
or alcohol wash 

Galvanized iron 
sheet 

45 % tin —55 % 
lead 

or 

33 % tin—67 % 
lead 

Soldering salts 
(Ammonium chlo¬ 
ride and zinc 
chloride) 
Naphthalene 
Tetrachloride 

Cyanide wash, 
hot-water wipe, 
or alcohol wash 

Wiping and solder¬ 
ing lead joints 

40 % tin—60 % 
lead 

Stearic acid 

Burning 

Tinned parts that 
can be washed 
after soldering 

45 % tin—55 % 
lead 

or 

3^ tin— 67 % 

Naphthalene 

Tetrachloride 

Alcohol wash 

Splicing copper wire 
where low elec¬ 
trical resistance 
and high strength 
are essential 

20 % silver—45 % 
copper—35 % 
zinc* 

Borax 

None 

Repairing brass 
castings where 
high strength is 
essential 

4 S % silver—30 % 
copper—2$ % 
zinc* 

Borax 

None 


* These are viA what are generally termed soft solders, a torch being 
r«citiir«d. 
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A flux in soldering removes and prevents the formation of an 
oxide during the operation of soldering, and allows the solder to flow 
readily and to unite more firmly with the surfaces to be joined. 

The suggestions in Table 2 are by A. H. Folk of the Bell Telephone 
Laboratory. 


Cleaning and Holding Work 

For copper work a dilute sulphuric acid is best. Articles of lead 
and zinc can be cleaned with a potash solution, but care must be 
exercised as the alkalies attack these metals. For zinc, a dilute 
solution of sulphuric or muriatic acid will clean the surface. 

For cleaning or removing the oxide or other foreign material, 
scrapers and files are frequently used. An old file bent at the ends 
and with the corners flaring makes a handy tool. Grind the edge 
sharp, and make as hard as possible. 

To enable difficult points to be “filled,” sometimes a small piece 
of moist clay pressed into shape to form the desired shape can be 
used to advantage as a guide for the solder. Another use of the 
clay is to embed the parts in, to hold them in position for soldering. 

Plaster of paris is also used for this purpose, but it is sometimes 
difficult to remove, especially in hollow pieces. A dilute solution 
of muriatic acid will help to get this out, however. 

Castings containing aluminum are always harder to solder than 
other alloys. In some instances where the percentage of aluminum 
is high, it is necessary to copperplate the parts to be joined before 
a satisfactory joint can be made. In nearly every instance the work 
can be “stuck” together, but not actually soldered. 

In metal-pattern making too little attention is given to both the 
fitting of the parts and the selection of the solder to joint the work. 
A good grade should always be used, and it must be borne in mind 
that the higher the melting point of the solder the stronger the 
joint. 

A very good job of soldering can be done on work that will permit 
of it by carefully fitting the parts, laying a piece of tin foil, covered 
on both sides with a flux, between the parts to be joined and pressing 
them tightly together. Heat until the foil is melted. This is very 
good in joining broken parts of brass and bronze work. If they 
fit well together, they can frequently be joined in this manner so 
that the joint is very strong and almost imperceptible. 

Soldering Cast Iron 

For cast iron, the flux is usually regarded as a secret. A number 
of methods are in use. One of the oldest and least satisfactory is to 
brush the surfaces thoroughly with a brass scratch brush. Brush 
until the surface is coated with brass, then tin this surface and solder 
as usual. If plating facilities are to be had, copperplate the parts 
and solder together. This method has been used very successfully 
for a number of years. 

A fair substitute for the above is to clean the surfaces thoroughly 
&nd copperplate them with a solution of sulphate of copper: about 
I ounce sulphate of copper, } pint water, } ounce sulphuric acid. 
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Brush this solution on or dip into the solution, rinse off and dry it 
well before soldering. 

Another method is to tin the cast iron. To do this, first remove 
all scale until the surface is clean and bright. The easiest way to, 
do this is with the emery wheel. Dip in a lye to remove any grease, 
and rinse the lye off; then dip into muriatic acid of the usual 
strength. Then go over the surface with rosin and a half-and- 
half solder. It may be necessary to dip into the acid several times 
to get the piece thoroughly tinned. Rubbing the surface of the 
iron with a piece of zinc while the acid is still on it will facilitate the 
tinning. 

Another method of soldering cast iron is to clean the surface as 
in the previous operation, and then brush over with chloride of zinc 
solution and sprinkle powdered sal ammoniac on it; then heat until 
the sal ammoniac smokes. Dip into melted tin and remove the 
surplus; repeat if not thoroughly tinned. Half tin and half lead 
works well as a solder for this. 

Commutator wires and electrical connections should never be sol¬ 
dered by using an acid solution, owing to the corrosive action after¬ 
ward. A good flux is an alcoholic solution of rosin. 

folders and Fusible Alloys 

Solders act under constant stress considerably like plastic or semi¬ 
fluid material. Their fluidity resembles that of tar or gum, and 
their distortion with time is greater than would be thought. In a 
series of tests, a notable point brought out was the varying degrees 
of strength with age. Tensile strength increases with the per¬ 
centage of tin present, but when the solder’s age is increased as .a 
factot, the product possesses its maximum value at 6o per cent tin, 
showing this projierty as similar to that of the melting point and 
depending upon chemical composition. 

For general work, the solder requiring resistance to stress is 6o 
per cent tin, but for work requiring little mechanical strength, such 
as sealing, a lower per cent of tin may be used. 

Generally speaking, all solders are alloys of lead and tin. The 
more lead the alloy contains above 40 per cent, the higher is its 
melting point; and also the less lead it contains below 40 per cent, 
the lower is its melting point. 

Nearly all aluminum solders are alloys of tin and aluminum that 
.contain from 15 to 25 per cent aluminum. A small per cent of cop¬ 
per or nickel, never exceeding 2 or 3 per cent, is sometimes used. 
The exact point of separation between a fusible metal and a non- 
fusible one is very‘*\incertain; thus, several additional alloys are 
given in the table. In filling up imperfections in ornamental 
castings for plugs in electrical wiring, and on boilers in engineering 
work, fusible alloys are used. Sometimes defects in structural steel 
have been filled in with expanding alloy and then covered with a 
coat of i^int. The United States Government rules call for pure 
Banca tui for boiler plugs, but this is not essential, and any good tin 
will serve the purpose. 

Experihient| show that any pressure upon the solder at the 
moment of siMng diminishes the strength of the joint. Thus, in 
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making a solder Joint, the upper piece should be held above the 
lower one, the solder fused by means of two blowtorches, and the 
pieces brought together by very slow and easy pressure. By 
employing mis rnethod, which differs from that commonly called 
“sweating,” the joint is less liable to be broken, because the crystal¬ 
line composition of the resulting mass contains less resistance at this 
time. 

In addition, it is found that there is remarkable variation with 
time of the tensile strength of such joints, which is also in accord 
with what would be considered proper by engineering science in 
this field. Under any circumstances, the average strength attained 
does not exceed 27,000 pounds per square inch and was obtained 
from solder made with three-fifths of its composition tin. 

The melting point of allop which fuse at a low temperature may 
be found by tying a small wire around a fragment of alloy and hang¬ 
ing it in a bath of water. A thermometer should be kept in the bath 
and the temperature increased slowly until the alloy melts. The 
melting point of the alloy can then be noted by the temperature of 


Table 3.—Melting Points of Solder Metal 
American Society for Testing Materials 
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counterbalances the effects of the contraction of the other metals, 
and the total result is the prevention or reduction of shrinkage in 
the mold. The addition of cadmium still further lowers the melting 
point of such alloys as those of bismuth, lead, and tin, which in 
themselves have very low melting points. 

It is recommended that the grade of solder metal be selected 
which contains the least amount of tin required to give suitable 
flowing and adhesive qualities for the work in hand. 


Table 4.—Composition and Melting Point of Fusible Alloys 


Alloy 

Lead 

Tin 

Bis¬ 

muth 

Other 

Constitu¬ 

ents 

Melting 

Point 

Cent. 

Fahr 

I. Steam-boiler plug 

48.4 

38.8 

12.8 


ra 

340 

2. Steam-boiler plug 

44*5 

33 3 

22.2 


mm 

285 

3. Steam-boiler plug 

42.1 

iS -8 

42.1 


mSM 

253 

4. Steam-boiler plug 

10.0 

40.0 

50.0 


116 

240 

Sir Isaac Newton’s 

i 30 0 

20.0 

i SO'O 


100 

212 

Suitable for casts 

31*25 

18.7s 

1 50*0 


98 
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Rose’s alloy 

28.1 

21.9 



95 
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D’Arcet’s alloy 

25.0 

25.0 

50.0 

Cadmium 

93 

200 

Wood’s alloy 

25-0 

12.5 

50.0 

12.S 

60 

140 

Lipowitz’s alloy 

26.9 

12.7 

50.0 

10.4 . 

66 

150 

Expanding alloy 

66.7 


8.3 

25.0 

66 

150 


BRAZING AND HARD SOLDERING 

The main difference between soldering and brazing is in the kind 
of metal used in making the joint and in the temperature required 
to melt it. Brazing is done with a torch, in a fire, or by dipping 
the joint to be brazed into the molten metal used for making the 
joint. This is called “dip” brazing. 

Hard solders contain more or less copper and are frequently 
referred to as “spelter.” A substantial solder contains 60 per cent 
copper, 20 per cent tin, and 20 per cent zinc. An easily melted 
yellow, hard solder contains about 45 per cent copper and 55 per 
cent zinc. This solder is really a brass, but at times it is used for 
soldering, binding, and filling purposes. 

Tests made by F. Grotts, cnief metallurgist of the Curtis Aero¬ 
plane & Motor Co., in 1918, gave valuable information on brazing. 
A copper-zinc alloy (4 parts copper to i part zinc) gave a strength 
of 31,200 to 39,800 pounds per square inch. An alloy of 83 per 
cent copper, 17 per cent zinc gave joints somewhat stronger. With 
a flux of boric acid, brazing is easy and satisfactory. 

Joints brazed with copper-zinc alloys and boric acid in a gas fire 
nearly all exceeded the maximum strength of the cold-drawn steel 
used in the tests. 
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The oxyacetylene torch, however, gave a stronger joint than dip 
brazing or the gas fire, the strength being in the order named. 

Heat-treating by heating to i6oo°F., quenching in oil, and 
reheating to 900 degrees increased the strength of the brazed joint 
an average of 23 per cent. 

Untreated brazed joints were 19.2 per cent stronger than untreated 
welded joints. Treated brazed joints were 55 per cent stronger 
than untreated welded joints. The treated welded joint was 42 per 
cent stronger than the untreated joint. 

Brazing Band Saws 

The use of band saws in cutting out dies and other internal work 
has led to the development of small electric heating devices that are 
attached to the machine. The saw joint is reopened by melting the 
silver solder used in the joint. The end of the saw is threaded 
through a drilled hole and the ends brazed in the small welder. 
After a joint has been brazed 5 or 6 times, it is best to make a new 
joint at a fresh point in the saw. A small grinding fixture is pro¬ 
vided to grind the lap joint at the proper angle. Silver solder and flux 
are applied to the joint, and the heat is turned on. The joint is 
stronger than the saw itself. The time for an internal sawing set¬ 
up is less than 5 minutes. 

Silver Brazing^ 

Silver brazing is often economical because joints require but little 
finishing. It is used in aircraft work for safety of joint. Silver 
solder is made in sheet, strip, wire, or granule form to melt from 
1250 to i6oo®F. The average flow is at slightly over i4oo®F. 
Silver solder has 40 to 50 per cent silver and copper and zinc. 
Increasing zinc to equal copper lowers the melting point. 

A silver-copper mixture of 72 per cent silver and 28 per cent 
copper melts at i435°F. Tin lowers the melting point but tends 
toward brittleness. Nickel hardens the solder and raises the flow 
point. Even small quantities of lead and iron cause difficulties. 

Borax makes a good flux. Commercial borax should be calcined 
(fused) to drive out water. A saturated solution of sodium 
cyanide, or potassium cyanide, with a little borax or boric acid is 
convenient for small work but lacks the fhixing qualities of borax. 

Make a saturated solution of borax by dissolving in hot water, 
and apply hot to get an even coating. Or mix powdered borax with 
clean water to a creamy paste, or mix fused borax with alcohol. 

Care must be used in heating to attain and maintain right tem¬ 
perature. Use a blowpipe for small work. If an oxyacetylene 
flame is used, it must be kept moving. 

Dipping in cold water after brazing will disintegrate the flux. A 
little sulphuric acid helps to remove the film. 

WELDING 

Oxyacetylene Cutting and Welding 

Cutting and welding metal with oxyacetylene have become com¬ 
mon practice in both large and small shops. A blowpipe provided 

sA. BylM 
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with the proper tip mixes oxygen and acetylene in the right propor¬ 
tions to produce a neutral flame, that is, a flame with no excess of 
either gas. It is the hottest flame known. Applied to the edges 
of two pieces of metal the concentrated heat melts or fuses the 
metals together. This is called “autogenous welding.’^ 

One great advantage of this process is that all commercial metals 
can be welded. When the joint is to be made in a metal more than 
^ inch thick, the edges should be beveled so that the welding 
can begin at the bottom and build up. The bevel is usually about 
90-degrees included angle and is filled gradually with metal from 
the sides as well as from the welding rod used. 

The heat generated by the welding naturally causes expansion 
that must be considered and provided for, otherwise the contraction 
due to cooling may cause trouble. Castings are frequently pre¬ 
heated with charcoal, both because it is cheap and because it heats 
slowly. In some cases, such as locomotive frames, gas torches 
are sometimes used for preheating. The effect of the welding flame 
on the work can be varied by moving it to or from the work and also 
playing it around on the metal. 

The welding rod used should be carefully selected for the work. 
In welding some metals, the proper rod will supply the alloys burnt 
out by the intense heat of the welding flame. Attention should 
also be paid to securing the proper flux for the metal being welded. 
Generally speaking, there are three kinds of fluxes; for cast iron, 
for aluminum, and for brasses and bronzes. The flux is used to 
float the oxides out of the weld. Some welders of aluminum do 
this with a steel rod flattened at one end to stir or puddle the oxide 
and scrape it off the surface of the weld. 

In some work where extreme heat is not required, either city or 
natural gas is used with oxygen, instead of acetylene. This com¬ 
bination is useful in lead storage battery work, soft soldering, silver 
soldering, and light brazing. The use of city or natural gas requires 
a larger tip than where acetylene is used. 

Welding and cutting can both be done mechanically in machines 
having either hand or automatic feed. In such work a lower pres¬ 
sure is generally used. 

Blowpipe tips should be cleaned with a soft brass or copper wire. 

There should be a fire-resisting wall between stored tanks of 
oxygen and oxyacetylene, whether the cylinders be full or empty. 

Close valves on all cylinders except when they are in use, even if 
they are empty. 

If flame backfires first shut off the blowpipe oxygen valve, then 
the acetylene valve. 

It is now standard practice to use a red hose for acetylene and a 
green hose for oxygen. 


Flame Cutting 

Flame or gas cutting is done with what is known as an oxygen 
“lance,which can also be used to pierce a piece of considerable 
thickness. After a small spot of metal has been heated red hot by 
a combined fl^me of oxygen and acel^lene, the acetylene is turned 
off, and only a jet of oxygen used. The hot iron and oxygen com- 
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bine to form iron oxide by an extremely rapid rusting process, the 
oxygen jet blowing the rust away as fast as it is formed. According 
to R. F. Helmkamp, of the Air Reduction Sales Company, prac¬ 
tically all classes of wrought iron, rolled steel, and steel castings may 
be flame cut. Steels under 0.30 per cent carbon can be cut without 
heat-treatment either before or after cutting. Alloy steels should 
be preheated and annealed after cutting. For piercing the end of a 
heavy connecting rod the forging is preheated to about iooo°F. 

In cutting high-carbon or alloy steels it is customary to leave 
about J inch of metal for finishing as this permits the removal of any 
metal that might have been injured by the intense local heat. Data 
on speed and cost of flame cutting are given in the accompanying 
table. 


Table $.—Approximate Guide for Machine Cutting 


Thickness, in inches. . 
Airco, DB tip, style 

1 


1 

i 

I 

li 

2 

3 

4 

5 

6 

8 

10 

12 

124. 

Pressure, in pound per 

0 



2 

2 

3 

4 

5 

5 

6 

6 

7 

7 

8 

square inch: 















Oxygen. 

30 

30 

40 

40 

50 

50 

50 

50 

50 

50 

55 

60 

70 

70 

Acetylene. 

3 

3 

3 

3 

3 

3 

3 

4 

4 

5 

5 

6 

6 

6 

Speed, in inches per 













34 


minute. 

20 

19 

17 

15 

14 

12 

10 

8 

7 

6 

5 

4 

3 

Consumption, in cubic 
feet per hour: 













Oxygen. 

SO 

75 

90 

120 

140 

200 

255 

335 

385 

460 

495 

650 

735 

875 

Acetylene. 

9 

12 

12 

1 14 

14 

16 

17 

22 

22 

28 

28 

35 

35 

40 

Approximate width of 
Kerf, in inches. 















A 

A 

A 

A 

A 

J 

A 

R 

H 

A 

A 

A 

A 

i 


Table 6.—Flame Cutting with Airco Machines 


Thick¬ 
ness of 
Steel, 
in 

Inches 

Cutting Tip 

! 

Gas Pressure. 
Pounds per 
Square Inch 

Flame 
Kerf 1 
Width, 
in 

Inches 

Cutting Speed 

Size 

Num¬ 

ber 

Style 

Num¬ 

ber 

Oxy¬ 

gen 

Acety¬ 

lene 

Inches per 
Minute 

Feet per 
Hour 

i 

0 

23 

35 ! 

a\ 

A 

22 to 27 

no to I2S 

■A 

I 

23 

40 

4 

A 

21 to 28 

105 to 130 

1 

I 

23 

55 

44 

4 

20 to 24 

100 to 120 

1 

2 

24 

50 

2 

4 

18 to 22 

90 to no 

1 

2 

24 

55 

24 


14 to 18 

70 to 90 

li 

3 

24 

55 

3 

A 

12 to IS 

60 to 75 

2 

3 

24 

60 

34 

A 

9.5 to 12 

47.5 to 60 

3 

4 

25 

50 

34 

A 

8 to 10 

40 to SO 

4 

4 

25 

60 

4 

A 

6.5 to 8.5 

32.5 to 42.s 

5 

4 

25 

6 S 

44 

A 

5 ■ 5 to 7 

27.5 to 35 

6 

5 

25 

65 

44 

A 

4-5 to' 5.5 

22.5 to 27.s 

1 


Machine cutting table for 4- to 6-inch thickness of good mild steel, clean 
surface, not preheated, Airco D-B Oxygraph, Camograph, and Radiagraph. 
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Table 7.—Oxweld Hand Cutting Blowpipe 


Nozzle, 

Type and Size 


Thick- 
ness, in 
Inches 

C-2 

C-6 

C-ii 

C-I4 

♦CW-I7 

C-24 

C-32 

tCW-22 

tCW-23 

A 


No. 2 

i 

1 No. 0 

No. 4 

i 

1 No. I 

No. 6 

1 

1 No. 2 

No. 6 

i 

1 No. 2 

No. 6 

1 

1 No. 2 

No. 6 

I 

1 No. 2 

No. 6 

2 

1 No. 3 

No, 8 

3 

|no. 3 

No. 8 

4 

} No. 3 

No. 8 

S 

(no. 3 

No. 8 

6 

1 No. 4 

No. 10 

8 

|no. 4 

No. 10 

10 

1 No. 4 

No. 10 

12 

{No. 4 

No. 12 


Oxygen 

Pressure, 

in 

Pounds 

per 

Square 

Inch 


Linear 

Cutting 

Speed 

Range, 

in 

Inches 

per 

Minute 


General Consumption Range 


Oxy¬ 
gen, in 
Cubic 
Feet 
per 
Hour 


Acety¬ 
lene, in| 
Cubic 
Feet 


Oxy¬ 
gen, in 
Cubic 
Feet 
per 

Minutel 


Acety¬ 
lene, in 
Cubic 
Feet 


1^1 


inute 


7 to 25 
IS \ 
IS to 23 I 
20 ) 

Ir to 17 I 

25 \ 

17 to 24 1 
30 1 

20 to 28 I 
3 S I 
24 to 34 ) 
40 \ 

28 to 401 
45 \ 

22 to 30 ( 
55 \ 

33 to 43 ) 
6S \ 
42 to 55 i 
75 i 
53 to 67 1 
75 ) 

45 to 58 f 
95 I 
60 to 77 ) 
IIS \ 
75 to 96 ( 
140 ) 

69 to 86 j 


19 

9 to 

45 to 

29 

.8 

55 

17 - 

6 to 

77 to 

25 

.8 

93 

16 

0 to 

95 to 

23 

• 7 

IIS 

14. 

8 to 

lOS to 

22 

. 2 

I 2 S 

13 

I to 

11 7 to 

19 

.8 

143 

II 

8 to 

130 to 

18 

.0 

160 

8. 

6 to 

i8s to 

13 

.0 

225 

6. 

6 to 

240 to 

9 

.8 

290 

5 - 

2 to 

293 to 

7 

.8 

357 

4 - 

2 to 

347 to 

6 

•4 

423 

3 

S to 

400 to 

5 

.4 

490 

2. 

6 to 

505 to 

4 

. 2 

615 

I. 

9 to 

610 to 

3 

. 2 

750 

I. 

4 to 

720 to 

2 

.6 

880 


7.2 to 
8.8 

8.7 to 

10.7 

9.7 to 

II .9 

10 .5 to 
12.9 

12.0 to 

14.6 
13.0 to 

16.0 

16.2 to 

19.8 

18.5 to 

22.7 
21. I to 

25.9 

23.9 to 

29 3 

26.5 to 

32.3 

31.5 to 
38. 5 

36 9 to 
45.1 

42.3 to 
51.7 


0 .8 to 
0.9 

1.3 to 
1.6 

1 .6 to 

19 

1 .8 to 

2.1 

2. o to 

2.4 

2,2 to 

2.7 

3 . I to 

3.8 
4.0 to 

4.8 

4.9 to 

6.0 

5.8 to 

7.1 

6.7 to 

8.2 

8.4 to 

10.3 
10.2 to 
12.S 

12.0 to 

14.7 


o.12 to 
0 . IS 
o. 15 to 
o. 18 
o. i6 to 
0.20 
0.18 to 
0.22 
0.20 to 
0.24 
0.22 to 
0.27 
0.27 to 
0.33 
o 31 to 
0.38 
0.3s to 
0.43 
0.40 to 
0.49 

o. 44 to 
0.S4 
0.53 to 
0.64 
0.62 to 
0.75 
0.71 to 
0.86 


These tables are approximate. 

Lowest speeds and highest ga.s consumption are for inexperienced opera¬ 
tors, short cuts, dirty or poor metal. Highest speeds and lowest gas con¬ 
sumption are for thoroughly experienced operators, long cuts, good clean 
metal. 

♦ This cutting attachment is intended for cutting up to 2 in. 

t This cutting attachment will cut up to 8 in. 


Fusion Welding 

This is a term applied to any welding process where metals are 

i 'oined without hammering, as with forge welding. It includes 
>oth gas and electric welding, with or without the use of filler metal, 
such as arc, resistance, shot, and spot welds with electricity and 
oxyacetylene or other gas welds. In shot welding, current is 
applied intermittently, making spot welds as frequently as desired. 
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Table 8.—Oxweld Hand Welding Blowpipe Chart 



j 


1 Specific Range 

1 General Range 

Thick- 


Oxy- 

j Consumption 

j Consumption 

Speed 

ness 


gen 









Pres- 









sure 



Oxy- 

Acety- 




of Tip 

Range, 

in 

Oxygen, 

in 

Acetylene, 

in 

gen,in 
Cubic 

lene, in 
Cubic 




Feet 




Pounds, 

Cubic Feet 

Cubic Feet 

Feet 

Feet 

per 

Hour 

$ 

V 


per 

Square 

per Hour 

per Hour 

per 

Hour 

per 

Hour 

c 

cS 

o 


Inch 







28 


9 1 

1-5 

1.4 ) 

1.0 to 

0.93 to 

30 to 


t No. I 

i6 to 24 

1.8 to 2.2 

1 .7 to 2.0 j 

2.0 

I 87 

40 


25 

No. 2 

i6 to 24 

3.1 to 4.0 

2.9 to 3.7 

2. s to 

2.34 to 

27 to 



( No. 2 
•< No. 2 




45 

4.20 

36 

A 

22 

10 

16 to 24 

4 5 

3.1 to 4.0 

4.2 

2.9 to 3.7 • 

3 5 to 

3-3 to 

25 to 



( No. 3 

16 to 24 

4.0 to 5 • 2 

3.7104.9 1 

s. S 

5.1 

32 

A 

l6 

( No. 3 
< No. 3 

10 

16 to 24 

6.6 

4.0 to S - 2 

6.2 1 

3.7104.9 

S 0 to 

8.5 

4.7 to 

19 to 



/ No. 4 

16 to 24 

S. 8 to 7 ■ 3 

5.4 to 6.8 1 

7-9 

29 



/ No. 4 


8.7 

8.3 




Xi 

13 

) No. 4 

16 to 24 

S . 8 to 7 .3 

5.4 to 6.8 

7.0 to 

6.5 to 

16 to 

si 

1 

16 to 24 

9.2 to 11.7 

8.6 to 10.9 J 

II .0 

10.0 

23 



V No. 6 

10 to 12 

11.0 to 12.5 

10.3 to II. 7/ 





( No. 5 

12 

10 8 

10.2 ) 




i 

II 

) No.S 
< No. 6 

16 to 24 
16 to 24 

9.2 to 11.7 
il.Sto 14.2 

8 6 to 10.9f 
10.7 to 13.3 > 

9.0 to 

8.4 to 

12 to 


) No. 7 

16 to 24 

13.7 to 17 0 

12.8 to 1S.9I 


13. I 




( No. 6 

10 to 12 

11.0 to 12. s 

10.3 to II. 7) 






/ No. 6 

14 

IS 0 

14.2 




JL 


) No. 6 

16 to 24 

II. S to 14.2 

10.7 to 13.3 { 

13.0 to 

12. I to 

7 to 

Ts 


\ No. 7 

16 to 24 

13.7 to 17.0 

12.8 to 15.9 ( 

18.0 

16.8 

I2i 



V No. 7 

13 to IS 

16.0 to 17.5 

IS 0 to 16.3/ 



i 


No. 7 
\ No. 7 

16 

13 to 15 

19. 2 

16.0 to 17 -5 

18.3 } 

rS -O to 16.3 > 

17.5 to 

16.3 to 

5 to 



No.S 

13 to IS 

21,0 to 22.5 

19.6 to 21.0 ) 

25.0 

23.4 

9 

i 


No.S 
• No. 9 

19 

20 

25.0 

30.5 

23.8 ) 

29.0 >• 

25.0 to 

23.4 to 

'JT A 

3 to 

A 


! No. 9 

14 to 16 

3i.Sto 34 0 

29.4 to 31.8) 

34 ■ 0 

31 • 0 

0 

i 


No. 10 

21 

36.0 

34-3 \ 

36.0 to 

33.6 to 

2j to 


, No. 10 

16 to 18 

41.5 to 44.0 

38.8 to 41.0 1 

46.0 

43.0 

4 l 

f 


1 No. II 
• No. 10 

23 

16 to 18 

44.0 

41.5 to 44 -0 

41-8 ) 
38 . 8 to 4 i.o>* 

43.0 to 
S 6.0 

40.0 to 

2 to 



No. II 

17 to 19 

SO. 5 to 53 -5 

47.2 to 50.0 ) 

52.0 

3 

i 


♦No. 12 

25 

52.8 

50.4 \ 

S3 0 to 

49 .S to 

li to 


No. 12 

19 to 21 

65.0 to 69,0 

60.7 to 64.5 ( 

67.0 

62.5 

2h 



♦No. IS 

30 

69.7 

66.3 \ 

74.0 to 

69.0 to 

I to 



, No. 13 

27 to 29 

80. s to 84.5 

75.0 to 79.0 j 

9 S 0 

88.0 

2 

Heat- 

No. 20 

35 

105.0 

100 




int 


No. 30 

45 

158.0 

ISO 






No. 100 

SO to 60 

105 

100 




2 


No. I2S 

so to 60 

132 

I 2 S 




3 


No. ISO 

so to 60 

158 

ISO 




Heat- 

f No. 175 

55 to 6s 

184 

175 




ing 

1 No. 2S0 

60 to 70 

264 

2 .SO 





The general range represents approximately the lowest and highest 
speeds and gas consumption for each thickness of metal, regardless or the 
size and type of tip used. Best results are based on long welds by experi¬ 
enced operators, and the lowest on short welds by inexperienced operators. 

The specific range represents approximately the maximum and mininium 
capacity of various welding tips that can be used to weld a particular thick¬ 
ness of metal. 

The consumption of these tips is slightly below the Vg®*'eral range.” 
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FLUXES FOR OXYACETYLENE WELDING AND BRAZING 
General Flux Characteristics 

Phase.—Best applied to welding rod as a paste (suspension of 
powdered salts in water or alcohol). Sometimes applied as a dry 
powder or injected as a vapor into the welding atmosphere. 

Melting Point.—Below temperature where an appreciable 
amount of oxide forms on base metal. 

Film.—Uniform, quiescent, transparent. 

Density.—Light and easily floated; no tendency to be trapped in 
weld metal. 

Viscosity at Welding Temperatures.—Should be sufficient to 
keep the weld metal covered and protected from gas absorption and 
oxidation, but not so viscous as to prevent ready fusion of the weld¬ 
ing rod and weld metal. 

Oxide Solvent.—Should readily dissolve base metal oxides as 
well as weld metal oxides and keep contact surfaces clean at 
welding temperatures. (Base metal should almost always be 
cleaned before welding.) 

Weld Appearance.—All the above characteristics should combine 
to permit the rapid deposition of a weld free from oxides, flux inclu¬ 
sions, or gas pockets with smooth, clean surfaces free from overlaps 
or pits. 


Specific Fltix Characteristics 

Aluminum Rod 

Type A.—An aluminum welding flux composed generally of alkali 
halides; characterized chiefly by the speed with which solid welds 
in sheet metal may be made with smooth fusion at the root of the 
weld and without pitting or discoloration on the surface. 

Type B.—A modified aluminum welding flux with additions of 
higher melting point constituents like borates and other chemicals 
to provide greater slagging action as well as additional viscosity, 
resistance to oxidation, and protection while making repairs in cast 
aluminum parts by puddle welding. 

Bronze Rod 

TypeC .—An ^^oxidizing^^ flux ordinarily made with a boric acid 
base. It should form a thin but strong oxide film on the surface of 
the molten copper alloy, thereby preventing gas absorption and 
excessive oxidation. Recommended for clean or cleaned iron and 
steel surfaces. 

Type D .—Where oxidized, rusty, or dirty surfaces are to be 
joined, an **oxide solvent” flux ordinarily made with a borax base 
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Flux 
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and having a high solvent action for metallic oxides is recommended. 
It should keep both the base metal and the molten puddle clean and 
bright. 

Note:, This flux will not give as good weld metal characteristics 
as the Type C flux applied to clean surfaces. 

Type E.—A “highly oxidizing’* brazing flux designed specifically 
for removing carbon or graphite from the surfaces of cast iron. 
Usually contains an oxidizing component such as manganese 
dioxide. 

Note: This flux often used with the Type C flux to provide the 
proper tinning action. 


Cast Iron Rod 

Type F. —Ordinarily made with a borax base and containing 
alkali salts to aid in fluxing the slag that forms on cast iron. Should 
permit ready fusion of the welding rod and base metal without 
leaving gas pockets or inclusions. 

Stainless Steel Rod 

Type G. —A stainless steel welding flux designed to permit com¬ 
plete fusion at the root of a weld without burning. The best test 
for a flux of this type is to coat the root of a butt joint with the paste 
and then observe the penetration at the root after making the weld. 

Silver Brazing Alloy 

Type H. —A silver “soldering” flux made from an alkali bifluoride 
and borax or boric acid; gives the best results on both nonferrous 
and ferrous alloys, including stainless. 

Cutting with the Arc 

Cutting metals with the electric arc is merely applying heat 
of the arc along the desired line. Cuts with an arc are not so 
smooth as with the gas torch, but the arc is cheaper and is not 
restricted to ordinary ferrous metals. Direct current with a car¬ 
bon electrode negative is usual, but alternating current can be used. 
C. H. Jennings, research engineer of Westinghouse, gives the follow¬ 
ing tables: 

Table io.—Current Values for Various Sizes of Graphite 
Electrodes 

Electrode Diameter, Current Valites, 

IN Inches in Amperes 

up to 200 
200 to 400 
300 to 600 
400 to 700 
600 to 800 
700 to 1000 
800 to 1200 



FXECTRIC WELDING 


217 


Table i i .—Approximate Speed of Cutting Steel and Cast-Iron 

Plates 


Thickness of Material, 
in Inches 

Current, in Amperes 

Cutting Speed, in 
Inches per Minute 


400 

15 

f 

400 

12 

i 

400 

10 

f 

400 

7 

i 

400 

4 

1 

600 

3-2 

li 

600 

2.4 

2 

600 

1.8 

3 

600 

I. I 

4 

600 

0.7 

6 

800 

0.4 

8 

800 

0-3 

10 

800 

0.2 

12 

800 

o.is 


Table 12.—Approximate Cutting Speeds of Cast Iron and 
Steel Plates with Coated Electrodes 


Cutting Speeds, in Inches per Minute 


Plate Thickness, 
in Inches 

1 

A-Electrode 

^-Electrode 

i-Electrode 

i 

12.0 

15.0 

21.0 

i 

7.0 

9.0 

11.0 

i 

425 

5-5 

6.7 

I 

2.5 

3-7 

4.6 

li 

1.6 

2.4 

3-2 

li 

1.0 

1-7 

2.3 

li 

0.6 

1-3 

1.8 

2 

0.4 

1.0 

1-4 


Coated electrodes, though more expensive, have certain advantages. 


Electric Welding^ 

Electric welding may be subdivided into three kinds: (i) resist¬ 
ance welding, (2) atomic hydrogen welding, and (3) arc welding. 

Resistance welding is a heat and squeeze process. The parts to 
be welded are raised to the temperature of fusion by the passage 
of a heavy electrical current through the junction. When the 
welding heat has been reached, pressure is applied mechanically to 

^ Data, Courtesy Lincoln Electric Company, Cleveland, Ohio. 
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bring about the union. The field of resistance welding is in turn 
broken down into several processes, the most important of which 
are spot welding, butt welding, flash welding, and seam welding. 

The spot weld is made by overlapping the parts and gripping the 
overlapped sections between two electrode points through which the 
current is passed and pressure applied to make the weld in a single 
spot. The butt weld places the parts to be welded end to end to be 
heated electrically and squeezed together. The flash weld is an 
adaptation of the butt weld. The seam weld is similar to the spot 
weld except that a circular rolling electrode is used to produce the 
effect of a continuous seam. 

In the atomic hydrogen welding process, an alternating-current 
arc is maintained between two tungsten electrodes, and, at the same 
time, a stream of hydrogen gas is passed through the arc and around 
the electrodes. The heat of the arc breaks up the molecules of 
hydrogen into atoms which recombine outside of the arc to form 
molecular hydrogen. The very intense heat given off by the atomic 
hydrogen as it reverts to the molecular form is used to fuse the 
metals to be welded. The tungsten electrodes do not enter into 
the weld; they are used only as a means for establishing and main¬ 
taining the arc. 'They are, however, slowly evaporated by the 
intense heat. 

The metal or work being welded does not, as in the metallic arc 
process of welding, form a part of the electric circuit. Therefore, 
it does not need to be grounded. The actual manipulation of the 
electrode holder is similar to the manipulation of the gas torch used 
in oxyacetylene welding. The flame is played over the edges to be 
joined, causing them to fuse together. On thick stock, a filler 
rod may be fused into the weld. 

In arc welding, the pieces of metal to be welded are brought to the 
proper welding temperature at point of contact by the heat liberated 
at the arc terminals and in the arc stream so that the metals are 
completely fused into each other, forming a single solid homogeneous 
mass, after it solidifies. 

An electric arc is nothing more than a sustained spark between 
two terminals or electrodes. In arc welding, the arc is formed 
between the work to be welded and an electrode held in a suitable 
holder. The instant the arc is formed, the temperatures of the 
work at point of welding and the welding electrode jump from 
normal to the vicinity of 65oo°F. 

This tremendous heat is concentrated at the point of welding 
and the end of the electrode. It melts a small pool of metal in the 
work and heats the end of the electrode. Additional metal required 
is obtained from the electrode, in the case of a metallic electrode, or 
by a filler rod which is fed into the arc, melted and deposited. 
Filler rod may be used with either metallic or carbon electrode. 

Metallic Arc Welding.—In the metallic arc process, the arc occurs 
between the work to be welded and a metallic wire. Under the 
intense ’heat developed by the arc, a small part of the work to be 
welded is brought to the melting point almost instantaneously. 
The other end of the arc« the tip of the metallic wire, is likewise 
melted, and tiiiy globules of molten metal form. Those globules are 
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then forced across the arc and deposited in the molten seat waiting 
for it in the work. The globules are actually forced across the arc 
and not dropped as gravity does nothing more than assist this 
deposition of metal when the work is flat. 

It is this fact which permits the use of metallic arc welding in 
overhead welding/ 

Carbon Arc Welding.—In carbon arc welding, the arc is formed 
between the work and a carbon rod held in the electrode holder. 
The heat of the arc melts a small pool in the surface of the work to be 
welded. * This pool is kept molten by playing the arc across it, and 
extra metal to form the weld is added by a filler rod. Carbon arc 
welding is a puddling process and is not applicable to vertical or 
overhead welding. Its greatest application is in automatic welding 
or in specialized applications. 

The carbon arc may also be used as an economical cutting tool 
in many cases, particularly where it is desired to dismantle an 
assembly or to cut risers or where a very smooth cut is unnecessary. 

The Shielded Arc.—Molten steel has an affinity for oxygen and 
nitrogen. Exposed to air, molten steel enters into chemical com¬ 
bination with oxygen and nitrogen to form oxides and nitrides. 
These impurities tend to weaken and embrittle the steel as well as 
lessen its resistance to corrosion. 

In the ordinary arc, molten globules, which pass from electrode 
to work, are exposed to ambient atmosphere which contains oxygen 
and nitrogen. Molten base metal is also exposed to these elements. 
They combine with the molten metal forming oxides and nitrides. 
If the metal, during fusion, is completely protected from contact 
with ambient atmosphere, injurious chemical combination cannot 
take place. This can be achieved by completely shielding the arc. 

An arc may be shielded by completely enveloping it with an 
inert gas, which will not enter into chemical combination with 
molten metal and at the same time will prevent contact with the 
atmospheric oxygen and nitrogen. Welds made with completely 
shielded arc are largely free of oxides and nitrides and are, therefore, 
composed of metal having superior physical characteristics to that 
deposited by an ordinay arc. For example, welds made with a 
shielded arc have a tensile strength of 60,000 to 75,000 pounds per 
square inch which is 20 to 50 per cent higher than that possessed 
by welds deposited by an ordinary arc. Ductility of welds made 
with a shielded arc averages 100 to 200 per cent greater. Resist¬ 
ance to corrosion of shielded arc welds is greater than that of welds 
made with an unshielded arc. 

Physical Properties of Welds 

Physical properties, such as tensile strength, ductility, density, 
resistance to fatigue, and resistance to impact for weld metals and 
also for mild rolled steel are given in Table 13. 

In manual welding, a shielded arc is obtained through the use of 
specific types of electrodes that are heavily coated. The heavy 
Coating is of such composition that in the heat of the arc it gives o& 
large quantities of a gas that envelops and completely shields the 
arc from the ambient atmosphere. 
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Table 13.—Properties of Weld Metals and Mild Rolled 

Steel 


Material 

Tensile 
Strength, 
in Pounds 
per 

Square 

Inch 

Ductility, 
Per Cent 
Elon^a- j 
tion in 

2 Inches 

Density, 
in Grams 
per Cubic 
Centi¬ 
meter 

Fatigfue 
Resist¬ 
ance,* in 
Pounds 
per 

Square 

Inch 

Impact 
Resist¬ 
ance, in 
Foot- 
Pounds 

Weld metal made 
with bare or 
washed electrodes. 

40,000 to 
SS.ooo 

S to 10 

7 . S to 7 .7 

12,000 to 
IS.000 

8 to IS 
(Izod) 

Weld metal made 

65,000 to 

20 to 30 

7.84 to 

28,000 to 

SO to 80 

with shielded arc. 

7.?.000 

7.86 

32,000 

(Izod) 

Mild rolled steel.... 

55.000 to 
65.000 

20 to 30 

7.86 

28,000 

40 to 80 
(Izod) 


* Maximum stress in outside fibers, lo million reversals without failure. 
Rotating beam test. 


The action of the arc on the coating of the electrode results in a 
slag formation which floats on top of the molten weld metal and 
protects it from the ambient atmosphere while cooling. After the 
weld metal is sufficiently cooled, the slag may be easily removed. 

In automatic welding, a completely shielded arc can be obtained 
in the carbon arc process by the introduction of a specially prepared 
substance into the arc flame at the point of fusion. The combustion 
of this substance in the arc provides an inert gas which completely 
encloses and shields the arc from the ambient atmosphere. Another 
form of shield is obtained by automatic deposition of powder on the 
joint ahead of the arc. The arc penetrates through the powder to 
weld the joint. In addition to the inert gas formed, a slag is 
produced which floats on top of the molten metal and protects it 
from the atmosphere while cooling. 

General Suggestions Regarding Arc Welding 

Preparation of the Work.—The work to be welded should be 
clean, preferably free from corrosion, oil, water, and other foreign 
matter. To facilitate welding, the work should be placed, where 
possible, in such a position that flat welds can be made. The 
next best position is that requiring vertical or overhead welds. 
Work in a position requiring horizontal welds is least preferable 
because welds in this location require more time and care in their 
making; but the physical qualities of such welds are equal to those 
made in other positions. 

Length of Arc.—Arc length is the distance between the end of the 
electrode and the surface upon which the molten globules are 
deposited. The correct length of the arc will vary, depending upon 
the size and type of electrodes used, the material to be welded and 
amount of welding heat, and other regulating factors involved in the 
welding process employed. The ordinary or unshielded arc should 
be short for best results. An important reason for this is that the 
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globules of molten electrode metal in process of deposition may have 
the smallest possible opportunity for contact with the ambient 
atmosphere and will absorb from it a minimum of oxygen and 
nitrogen. These instructions do not apply when welding with 
a shielded arc. It has been found that the correct length of the 
shielded arc is longer. The heavy coating of the electrodes employed 
with the shielded arc is not consumed so rapidly as the electrode 
metal melts. The resultant projection of coating focuses a con¬ 
centrated arc stream, although the actual length of the arc is longer. 

Skip Welding.—Skip welding is a very effective way to prevent 
distortion and reduce locked-up stresses. This method consists 
in keeping the expanding zones sufficiently narrow and sufficiently 
close to the contracting zones so that they tend to stress-relieve or 
neutralize each other. This can be accomplished by making a short 
weld, then skipping some distance ahead, making another similar 
short weld, etc., and then returning to the first weld and making 
another weld adjacent to it. Sufficient time should elapse between 
making adjacent welds so that the first weld is sufficiently cool and 
is in contraction. 

Step-Back Method of Welding.—The step-back method of weld^ 
ing is a method of distribution of welds and procedure of making 
welds to help prevent the accumulation of stresses and distortion. 
This method consists not only of breaking up the welds in short 
sections but is dependent also upon welding in the proper direction. 
The welds may be made in sequence or may be broken up. 

Polarity of Welding Current—The polarity of the welding cur¬ 
rent is sometimes spoken of as ^^straight’’ or reverse.’^ In 
“straight” polarity, the electrode is negative, and the work positive; 
in “reversed” polarity, the electrode is positive, and the work 
negative. Electrode negative is used in welding with bare or 
lightly coated electrodes, because with such electrodes somewhat 
more heat is generated on the positive side of the circuit. However, 
the addition of a coating to the electrode forms gases in the arc 
and the presence of these gases may alter the heat conditions so that 
the opj>osite is true; namely, the greater heat is produced on the 
negative side. 

Both polarities are frequently used. The polarity to use with a 
particular electrode is established by the electrode designer. When 
doubt exists as to the correct polarity to use, the burn-off rate of the 
electrode will serve as a good guide. Each polarity is used to burn 
off 6 or 8 inches of electrode. The polarity that results in the longer 
bum-off time is generally the one that produces greater heat in the 
plate or joint. This is desirable in some cases, but in others it is 
desirable to use the polarity that produces less heat in the plate. 

Steels of Good Weldability.—The importance of using steel of 
good welding quality increases in proportion to the amount of base 
metal entering into the weld. 

General-purpose steel, the analysis of which imihediately follows, 
is the best for arc welding at high speeds and should be used in all 
cases where physical requirements permit. In cases where the steel 
will be required to withstand considerable drawing or forming or to 
have special finish or special physical properties, some modifications 
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of these specifications may be necessary, and the steel manufacturer 
should be consulted. 


Table 14.—Analysis of General-Purpose Steel 


Material Added 

1 

Per Cent Recommended 

Per Cent Limits 

Carbon. 

0.17 

0. IS to 0.25 

Manganese. 

0.4s 

0.35 to 0.60 

Silicon. 

0.05 

0.07 maximum 

Sulphur. 

low 

0.05 maximum 

Phosphorus. 

low 

0.04s maximum 

Aluminum. 

Not over 2 ounces per ton added to 
steel unless it has been semikilled 
with silicon,* in which case the 
aluminum addition should be as 
low as practical. For this classifi¬ 
cation steel can be considered semi¬ 
killed with silicon if the silicon 
content is between 0.04 and 0.07 
per cent. 


* If silicon is added prior to the aluminum addition in the proper ratio, the 
nonrrxetallic inclusions coming out of the steel during welding will have 
sufficiently low melting point to be self-fluxing and will not form slag pockets 
along the edge of the welds. The addition of aluminum or of vanadium 
seems to have a beneficial effect in reducing the tendency toward porosity 
of welds in silicon-killed steels. 

Types of Joints for Arc Welding 

Butt Joints 

X. Plain Butt Joint. —Largely used on plates up to | inch thick with metal 
electrode and } inch with caroon electrode, although generally used below 
this. Inexpensive as to preparation of joint. Suitable for all usual load 
conditions if full penetration is secured. 

2. Slngle-V Butt Joint. —Used largely for |-inch plate or thicker. Scarfing 
and macnining cost more than (i), and more electrode used than in (i). 
Used generally on plates thicker than in (i). Meets all general or usual load 
conditions. 

3. Double-V Butt Joint. —The cost of machining is greater, but less weld 
metal is used than in (2). Cost of machining and welding should be balanced 
against each other. Used largely for J inch and heavier, and for all usual 
loads. (Note that joint is welded from both sides.) 

4. Single-U Butt Joint. —Generally used on plates heavier than pre¬ 
ceding, that is, i inch, } inch, and over. Costs more to machine than single 
V, but reouires less electrode. Is welded from one side, except a single 
bead, which is put in last on opposite side. Meets all usual load conditions. 
Usually used for best quality work. 

5. Double-U Butt Joint. —Used where welds can be made from both sides, 
that is, in plate sizes usually heavier than in (4) and where the saving in 
electrode used justifies the greater machining cost as compared to double V. 
Used in all ^pes of loads. 

6. Plain Fillet-Welded Tee Joint. —May be used for all ordinary plate 
sizes. No machining of plates. Most satisfactory when welds are in 
longitudinal shear. For welds heavily loaded transversely by fatigue or 
severe impact, use with caution. 

7. Sin|d«‘*V Tee Joint.—This is better than (6). For work welded from 
one side, penerally used on i-inch plates or lighter. (Hosts more for joint 
preparation but uses less electrode than (6). For more severe load conditions 
as outlined in J6). 

8. Double-V Tee Joint.'—Used for heavy plates. Welded from both 
sides. Uses less electrode than (6). May be used for severe longitudinal 
or transverse loads of all kinds. 
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9. Single-U Tee Joint. —For usual size plates, jgenerally i inch and heavier. 
Welded from one side only. Advisable to put in a final finish bead on side 
away from the U. Machining costs more, but takes less electrode than 
single V. For same load conditions as given under single V (7). 

10. Double-U Tee Joint.—For 


plates generally li inch and heavier 
which can be welcied from both sides. 
More expensive preparation, but uses 
less electrode than (8). For all load 
conditions, even very severe. 

Corner Joints 

11. Flush Corner Joint.—Generally 
used for 12 gage and lighter. May 
be used for heavier plates with caution. 
Not for very severe loads on heavier 
plate. 

12. Half-Open Corner Joint.—Gen¬ 
erally used fori 2 gage or heavier, where 
welded from one side only. ‘‘Shoulder¬ 
ing ” effect reduces prctbability of burn- 
ing-th rough and makes for easy 
welding. May be used for ordinary 
loads, but with caution for fatigue or 
impact loads. 

13. Full-Open Corner Joint.—Used 
for all plate tnickness when welds can 
be made from both sides. May be 
used under severe load conditions, for 
maximum strength. 
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Lap Joints 

14. Single-Bead Lap Joint.—May 

be used for all sizes of plates where 
joints are not subject to excessive 
fatigue or high impact loads. 

15. Double-Bead Lap Joint.— 
Better than (14). May be used for 
l9ad conditions, more severe than 
single-bead lap joint. Beads should be 
full size, and joints may be loaded 
much more severely than (14). The 
butt joints (i)to (5) are the best joints 
for very severe service, but, of course, 
are more expensive. 
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Butt, Corner, Lap, and Edge 
Joints 


Edge Joint 


16. Edge Joint.—Generally used for 1 inch or thinner. Not recom¬ 
mended for heavier work. For loads whicn are not very severe. 


Suggestions for Arc Welding Cast Iron 

Each job should be studied carefully before welding in order to 
avoid possible difficulties arising from uneven expansion and con¬ 
traction of the casting. The heat of the welding arc is confined 
to a comparatively small area, and for this reason complicated 
castings offer less trouble when welding is done with the arc than by 
other methods. For this same reason, many gray-iron castings can 
be arc-welded in place without dismantling for preheating. 

It is evident that the greater the length of the weld in a straight 
length, the greater the strain, since the strain is cumulative. There¬ 
fore, if a bead is curved, there is a tendency to reduce this cumula¬ 
tive effect. 
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Another method is to deposit weld metal in short lengths and 
allow each to cool. For example, weld J minute, and then allow 
the weld to cool for 3 to 5 minutes. By depositing small welds in 
various parts of the job, one weld is allowed to cool while metal is 
deposited in another location. 

The third method is to upset or peen the deposited weld metal 
lightly while it is still hot, before it has a chance to cool and con¬ 
tract. This causes the weld metal to stretch. In many cases the 
best method to pursue is to use a combination of the three 
methods just described. 



Other Examples of Welds 


The weld metal deposited by the electric-arc process in cast iron 
is generally far stronger than the cast-base metal. When steel 
electrode is used, the weld metal is generally three to four times as 
strong as the casting. 

Coated electrodes of the proper type are usually designed to keep 
the amount of heat required to a minimum, thus reducing thermal 
disturbance and resultant hardness. 

Usually i-inch size electrodes are used for keeping the heat down 
as mentioned above. Electrode is made positive, work negative, 
and the current is approximately 80 amperes. This apparently 
too low current is employed to satisfy the heat conditions previously 
mentioned. The electrode itself will carry considerably more 
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current, but the requirements of cast-iron welding make the use of 
greater heat inadvisable. 

The electrode to use in cast iron is a coated electrode with steel 
base. It provides a solid, dense weld on cast iron of greater tensile 
strength than the cast iron itself. It affords an excellent bond or 
union with the cast iron. Because of the low current used, the 
hardening effect usually present along the line of fusion is materially 
reduced, the resultant weld being, therefore, much more machinable 
than is usually the case where other electrodes are employed. 

The welding of cast iron should be done very intermittently. In 
some cases, “skip’^ welding is used with a weld not over 3 inches 
made at one time. Immediately after each bead is deposited it 
should be lightly peened, thoroughly cleaned, and allowed to cool 
before the next bead is applied. Care should be taken to keep the 
work clean and not allow it to get too hot. A good rule in reference 
to cast iron is: Keep the work clean and cold. 

The chilling action of the cast iron increases the combined carbon 
and in turn increases the hardness and brittleness, weakening the 
strength of the cast iron just back of the line of fusion. Welds 
in cast iron, if of sufficient thickness, may be strengthened by the 
mechanical method of studding. 

Studs of steel approximately J to f inches in diameter should be 
used. The cast iron should be V-d and drilled and tapped along 
the V so that the studs may be screwed into the casting. The 
studs should project about to J inch above the cast-iron surface. 
The studs should be long enough to be screwed into the casting 
to a depth of at least the diameter of the studs. 

The cross-sectional area of the studs should be about 25 to 35 per 
cent of the area of the weld surface. In such cases the strength 
of the weld may safely and conservatively be taken as the strength 
of the studs. It is considered good practice first to weld one or two 
beads around each stud, making sure that fusion is obtained with 
both the stud and cast-iron base metal. 

Straight lines of weld metal should be avoided so far as possible. 
Welds should be deposited intermittently, and each bead peened 
before cooling. This is advisable where the casting is of sufficient 
thickness to vee from both sides and stud. In many cases it may be 
desirable to produce complete penetration at the fracture. 

In some cases it may be practical and more desirable to shape out 
grooves in the casting with a round-nosed tool instead of studding. 

Welded Jigs and Fixtures 

Many jigs and fixtures can be made quicker and cheaper by 
welding standard steel bars and plates than by using castings. The 
savings are said to run up to 40 per cent in some cases, with an 
average of half that amount. Fixtures must, however, be designed 
for welding. Aluminum and magnesium are also being used for 
fixtures where light weight is necessary or desirable for ease in 
handling. The following suggestions are based on long experience. 

I* Welds in transverse shear are stronger than welds in longitudinal shear. 

9. Lengths of welds proportioned to loading provide better load distribu¬ 
tion results. 
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3. Placement of welds to resist turning effect of one member of the joint. 

4. Example of lap weld having poor distribution of stress through weld. 
Satisfactory for many jobs, though (s) and (6) are better. 

5. Example of lap weld having a more even distribution of stress through 
weld. Better than (4) and more commonly used. 

6. Example of lap weld in which there is fairly uniform transfer of stress 
through the weld. Better than (4) and (s) for severe fatigue and impact, 
but more expensive. 

7. Example of welds hooked around the comers to obtain resistance to 
tearing action on welds when subjected to eccentric loads. 

METALLIZING OR METAL SPRAYING 

Although the spraying of metal coatings on surfaces of many 
kinds has been known for years the process is just becoming 
recognized as a practical shop operation. It is used for protection 
against corrosion or decay and for building up surfaces that are too 
small because of wear or other reasons. In this field it competes 
with flame or arc welding. The characteristics of both processes 
make one more suitable for some kinds of work than the other. 

Metallizing, as its name implies, is a process for spraying pure 
metal on practically any metallic or nonmetallic surface without 
the use of acid or flux or without preheating the object to be coated. 
The spray gun is a small device weighing about four pounds, having 
within it a power plant which consists of an air turbine connected 
to reducing gears and feed rollers for automatically feeding wire 
through the gun to a nozzle which is supplied with oxygen and 
acetylene, much the same as a welding or blowtorch. When the 
ware is pulled through the gun by the feed rollers, it comes into 
contact with the oxyacetylene flame and is melted. 

The molten metal is then blown by compressed air at high 
velocity onto the surface to be coated. If the surface is of a porous 
nature, then the molten particles of metal will be impacted into it 
and key fast without any special preparation. To coat a metal 
surface, it is first necessary to sand blast or steel-grit blast thor¬ 
oughly in order to produce a roughened surface with sharp eleva¬ 
tions and undercuts. When the atomized molten particles of metal 
are directed onto this surface, they key or dovetail to it and the 
coatings are tightly locked to the metal base. 

The metallized surface can be built up to any reasonable thickness 
desired and can be filed, ground, or polished just as a sheet of metal. 
If cut with a tool, the tool should be very sharp. A dull tool is more 
apt to tear the coating from the base metal. 

LEAD BURNING 

The operation known as ‘Tead burning’^ is really lead welding. 
Shops handling storage-battery repairs find the oxyacetylene blow¬ 
pipe useful in this work. The most important property of lead is 
its low melting point. A very small flame with a slight excess of 
acetylene is required. 

Hold the blowrpipe so that the flame is almost perpendicular to 
the surface of the work, with the inner cone almost touching ^e 
metal. Heat the lead until it just melts, then lift the blowpipe 
c[ 4 ckly in order to prevent excess melting. In this way it is pos¬ 
sible to control this easily fused metal. The welding rod may be 
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made by cutting sheet lead into strips or by melting some lead and 
molding it into rods of convenient size. In adding metal from the 
rod, the Linde Air Products Company says, the blowpipe flame 
should be played simultaneously on the rod and along the edges 
of the work to be welded so that they will reach the fusion point at 
the same time. Thorough fusion is as important in lead welding 
as it is in welding steel. 

It is sometimes impossible to bum on a connector or terminal in 
one complete operation because the metal surrounding the cavity 
becomes overheated. In this case, stop work as often as the 
lead seems to be running too rapidly, and allow it to cool before 
proceeding. 

In most work with sheet lead, such as tank linings, lap joints are 
used, with a well-cleaned overlap of J to J inch. Often forms are 
necessary to support the sheet. After the lap is in position, the 
joint should be tapped slightly with a wooden mallet in order to 
cause closer contact of the sheets. Each edge of the lap is then 
fillet-welded, using rod. When it is not possible to work from both 
sides, for example, when a lining must be made in place, the butt 
weld is preferable. The lead sheets must then be supported in 
position and tack-welded to maintain alignment. Vertical seams 
should be started at the bottom so that the work progresses upward. 


SPREADING LOCOMOTIVE FRAMES FOR WELDING 

The same condition does not exist in every frame weld. Some 
4 by 4-inch frames require more expansion than other frames of the 
same dimension, owing to the location of the break or its relation to 
some section of the locomotive where more strength is required. 
When a frame is hard to expand because of its location or because 
it is closely coupled at the point of fracture, it is very necessary 
that the expansion be increased a small amount to take care of the 
contraction that takes place more rapidly when the spreading 
device is taken out. 

Frame welds are being made with manganese bronze on some 
roads to avoid the necessity of heating as much as where steel rods 
are used. 

Table i6 gives the amount frames to be welded should be spread, 
the figures being based on experience. 


Table i6.—Amount of Spread Frames Should Be Given for 
Welding 

Prams Section in Inches Inch Spread to Be Allowed 

3X4 
4X4 
4 X! 4 i 
4X5 

SX6 
6X8 
'6X9 
8X8 

Prom a pap^t presented at the October, xpaa* meeting, Chicago Section. 
American welding Society. 
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Welding Locomotive Frames by Thermit 

When fracture is between jaws they must be spread by using 
screw jack or other form of spreader. The gap should be opened 
from A A inch, depending on the size of the frame and the 
amount of preheating. The longer the preheating, the more the 
heat soaks back into the frame and the greater must be the allow¬ 
ance for .contraction. The jack should not be removed too soon— 
about ^ hour after weld is made is a good average. 

Cast-iron thermit welds are hard to machine because the cast 
iron used contains over 3 per cent carbon and makes a high carbon 
steel in the weld. If finishing is necessary, it is usually done by 
grinding. Welds in wrought iron and steel machine more readily. 

Metals That Cdn Be Welded 

Since all metals do not weld together satisfactorily, the following 
table will be found convenient. Aluminum, for example, welds only 
to aluminum, tin plate, and zinc. Lead can be joined only to lead, 
galvanized iron, tin plate, zinc, and nickel silver. 

Table 17.—Combinations of Metals That Can Be Welded 
Successfully 


METALS 

6 

3 

C 

E 

•< 

0 

< 

V ) 

if ) 

E 

CQ 

u 

Q 

a 

0 

0 

c 

B 

>* 

0 

0 

Iron 1 

13 

0 

Oi 

-J 

a> 

c 

0 

5 

OD 

0 

z 

1 

8 

X 

0 

z 

a 

c 

0 

c 

g 

jd 


Aluminum 

g] 

■ 

■ 

■ 

■ 


■ 

■ 


■ 

s 


m 

■ 


■ 

g] 

g] 

g] 

gi 

gi 

■ 


gi 

s 

gi 
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g] 

gi 

1 Brass 

■ 

g] 

g! 

m 

g] 

gi 

■ 

g] 

s 

gi 

gi 

gi 

gi 

gi 



g) 

S 

gi 

g] 

gi 


g] 

gi 

Eg 

Eg 

gi 

gi 

g] 


■ 

g] 

g] 

gi 

g} 

gi 

g] 

g] 

gi 

gi 

gi 

■ 

gi 

s 

■maH 

■ 

g] 


g) 

g] 

gi 

■ 

g] 

gi 


g] 

■ 

gi 

gi 

1 Lead 

■ 

■ 



g] 


g] 



■ 

gi 

gi 


gi 



g] 

g] 

g] 

g] 

.. 

0 


g] 

gi 

g] 

gi 


g] 

g] 

1 Nickel 

■ 

g] 

JS 


g] 


■ 

g) 


s 


1 

g] 

gi 


■ 

g] 

g] 

g] 

g] 

gi 

■ 

gi 

Eg 

g] 

m 

E 

g] 

SI 


SI 

g] 

g] 

g] 

g] 

gi 

gl 

g) 

s 

g) 

gi 

■ 

gi 

g] 

1 Zinc 

i 

■ 

gig] 

■ 

■ 

g] 

■ 

■ 

■ 

■ 

g] 

■ 

m 

iiliTItlTRniTfl 

i 

■ 

g]gig]g]gng]gig]g] 

glg|glglH3KMEgglgl 

■ 

■ 

g] 

g] 

gi 

g] 


The Al-Fin Process of Joining Aluminum and Steel 

The Al-Fin process is a method of bonding an aluminum muff or 
sleeve on a steel cylinder barrel with a ferric-aluminum bond that is 
stronger than pure aluminum. This is claimed to be a 100 per cent 
bond, far in excess of that obtained by the usual shrinking process. 
The thickness of the bond as at present applied is given as 0.004 inch. 
This is a process developed by the Fairchild Engine and Airplane 
Company and handled by their subsidiary, the Al-Fin Corp. 
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GEARING 

SHAPES OF GEAR TEETH 

Cycloidal or Epicycloidal.—A curved tooth generated by the point of a 
circle rolling away from the gear wheel or rack. 

Involute.—A curved tooth generated by unwinding a tape or string from a 
cylinder. The rack tooth has straight sides. 

Involute Standard.—The standard gear tooth has a I4i-degree pressure 
angle which means that the teeth of a standard rack have straight sides 
14I degrees from the vertical. , , , « 

Involute—Stubbed.—A tooth shorter than the standard and usually with 
a 30 -degree pressure angle. 

Addendum.—LcMth from pitch line to outside. , 

Chordal Pitch.—Distance from center to center of teeth in a straight hne. 

Circular Pitch.—Distance from center to center of teeth measured on the 
pitch circle. 



Fig. I. —Parts of Gear Teeth 


Clearance.—Extra depth of space between teeth. 

Coast Side of Tooth.—The back of tooth. 

Drive Side of Tooth.—The side that drives. 

Dedendum.—Length from pitch line to base of tooth. 

Diametral Pitch.—Number of teeth divided by the pitch diameter or the 
teeth to each inch of pitch diameter. 

Face.—Working surface of tooth above pitch line. 

Flank.—Working surface of tooth below pitch line. 

Outside Diameter.—Total diameter over teeth. 

Pitch Diameter.—Diameter at the pitch line. 

Pitch Line.—^Linc of contact of two cylinders which would have the same 
8X>eed ratios as the gears. ... .. e • 1 - 

Linear Pitch.—Sometimes used m rack measurement. Same as circular 
pitch of a gear. 

Twelve types of gears, inost of them in common use, are shown in 
Fig. 3. : 

Gears are cut by several methods. The oldest and most common 
is to mill the teeth with formed cutters, indexing the gear blank 
for each tooth. In gear bobbing, the cutter resembles a tap, and 
the sear blan^ revolves continuously at the proper rate, as the 
hob ?ee^ across the face of the gear. 
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Gears are also cut by shaping or planing, a form tool being used 
in some few cases. Gear snaping, however, as with the Fellows, 
Maag, and Sykes methods, is a tooth-generating process as is 
bobbing. In the Fellows and Sykes machines the cutter is prac¬ 
tically a hardened gear and both the cutter and gear blank turn 
at the proper rate so that the tooth curves are generated. The 
Maag process uses a cutter in the form of a rack, but the teeth are 
generated in a similar way. 

Herringbone gears are double helical gears with the helix angles 
running in opposite directions. When made in one piece, they 
commonly have a groove in the center to permit the tool or cutter 
to run out without gashing the other teeth. The Sykes machine, 
however, cuts both angles without the necessity of the center 
groove. 

Gear-teeth forms are being modified to suit special conditions. 
Teeth are strengthened on pinions with few teeth by shifting the 
pitch line nearer the center, making a short dedendum and a long 
addendum, using generating cutters only. The outside diameter of 
the pinion is increased and the outside diameter of the gear decreased 
by the same amount. Teeth are cut to standard depth in both 
blanks. This prevents undercutting the teeth in the pinion. 
Ordinary formed gear cutters cannot be used for this. 

Spiral bevel gears, developed by the Gleason Works, have teeth 
that approximate a spiral and are designed to give a continuous 
contact to secure a steady and quiet drive. They are used almost 
universally in automobile drives and to some extent elsewhere. 
They can be cut only on special machines of the same company. 

Hypoid gears are a modification of the spiral bevel in which the 
pinion is located below or above the center of the mating gears. 
The action more nearly approaches that of a worm drive and the 
location of the pinion permits its shaft to extend beyond the gear 
for support or other reasons. 
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Formulas for Gearing 


Having 

The Diametral > 
Pitch .I 

The Pitch Di-' 
ameter and 
the Number 
of Teeth .... 

The Out«de' 
Diameter and 
the Number 
of Teeth .... 

The Number 
of Teeth and 
the Circular 
Pitch ., 

The Number 
of Teeth and 
the Outside 
Diameter ... 

The Outade' 
Diameter and 
the Circular 
Pitch .. 

Addendum and] 
the Number f 
of Teeth ...J 

The Number' 

of Teeth and 
the Circular 
Pitch .. 

The Pitch Di¬ 
ameter and 
the Circular 
Pitch . 

The Number' 

of Teeth and 
the Adden¬ 
dum.. 

The Pitch Di-' 
ameter and 
the Circular 
Pitch . 

The Circular \ 
Pitch .) 

The CircxJar \ 
Pitch .> 

The Circular \ 
Pitch .) 

The Circular \ 
Pitch .) 

The Circular 1 
Pitch .) 

The Qrcular \ 
Pitch .) 

Thickness of 1 
Tooth.I 


To Get 

Rule 

Formula 

The Circular 
Pitch 

Divide 3.1416 by the Di¬ 
ametral Pitch . 

p, 3Mi6 

P" 

The Circular 
Pitch 

Divide Pitch Diameter by 
the product of .3183 and 
Number of Teeth. 


The Circular 
Pitch 

Divide Outside Diameter by 
the product of .3183 and 
Number of Teeth plus a 

.3183(^+2) 

Pitch Diameter 

The continued product of 
the Number of Teeth, the 
Circular Pitch and .3183 


Pitch Diameter 

Divide the product of Num¬ 
ber of Teeth and Outside 
Diameter by Number of 

N+a 

Pitch Diameter 

Subtract from the Outside 
Diameter the OToduct of 
the Circular Pitch and 
.6366. 

ly-D- 

(P'.esM) 

Pitch Diameter 

Multiply the Number of 
Teeth by the Addendum 

ly^^Ns 

Outside Diameter 

The continued product of 
the Number of Teeth plus 
a, the Circular Pitch and 

•3183 . 

D-(N+a) 

P' .3183 

Outside Diameter 

Add to the Pitch Diameter 
the product of the Cir¬ 
cular Pitch and .6366 - 

D -D'+ 
(^'.6366) 

Outside Diameter 

Multiply Addendum by 
Niunber of Teeth plus a 

D-j(N+a) 

Number of Teeth 

Divide the product of Pitch 
Diameter and 3.1416 by 
the Circular Pitch. 

F' 

Thickness of 
Tooth 

One half the Circular Pitch 

,-s: 

a 

Addendum 

Multiply the Circular Pitch 
by .3183 or j ~ — .. , .. 

s .3183 

Root 

Multiply the Circular Pitch 
by .3683. 

s +/-P' .3683 

Working Depth 

Multiply the Qrcular Pitch 
by .6366 .. 

rr^p' .6366 

Whole Depth 

Multiply the Circular Pitch 
by .6866 . 

ir-YS^^P* -6866 

Clearance 

Clearance 

Muldply the Circular Pitch 

by ^5.i 

One tenth the Thickness of 
Tooth at Pitch Line .... 

f-i 
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Formulas for Gearing 


The Grcular 

Pitch . 

The Pitch Di¬ 
ameter and 
the Number 
ofTeeth 
The Outside 
Diameter and 
the Number 

of Teeth- 

The Number of 
Teeth and 
the Diametral 

Pitch . 

The Number of 
Teeth and the . 
Outside Di¬ 
ameter. 

The Outside 
Diameter and . 
the Diame¬ 
tral Pitch ... J 
Addendum and] 
the Number 
of Teeth ... 
The Number of 
Teeth and the . 
Diametral 

Pitch . 

ThePitchDiam- 
eter and the , 
Diametral 

Pitch . 

The Pitch Di-J 
ameter and 
the Number 
of Teeth ...J 
The Number of J 
Teeth and 
Addendum.. 
The Pitch Di-l 
ameter and 
the Diametral 

Pitch . 

The Outside 
Diameter and 
the Diametral 

Pitch . 

The Diametral 
Pitch . 

The Diametral) 
Pitch .I 

The Diametral) 

Pitch .J 

The Diametral \ 

Pitch ..J 

The Diametral X 

Pitch ..J 

The Diametral X 

Pitch .) 

Th ick n eaa ol I 
Toodi...... > 


The Diametral Divide 3.1416 by the Cir- p 

Pitch cular Pitch . *" jp* 

The Diametral Divide Number of Teeth by p H 
Pitch Pitch Diameter. ^ [y 


The Diametral 
Pitch 


Divide Number of Teeth 70-4. - 
plus a by Outside Di- P — — 

ameter . ^ 


Number of Teeth by 
Pitch Diameter Diametral Pitch. 


Pitch Diameter 


Pitch Diameter 


Divide the Product of Out- 
side Diameter and Num- 
ber of Teeth by Number a 

of Teeth plus a . 

Subtract from the Outside 
Diameter the quotient of 
a divided by the Diametral P 

Pitch. 


Multiply Addendum by the /y. - xr 
Pitch Diameter Num^ of Teeth. 

Divide Number of Teeth JV+a 

Outside Diameter plus a by the Diametral D «■ —^ 

Pitch. ^ 

Add to the Pitch Diameter ^ 

Outside Diameter the quotient of a divided D—iy-f-r 
by the Diametral Pitch * 

Divide the Number of Teeth N+a 

outside Diameter “TZ 

by Pitch Diameter. 

Multiply the Number of 

Outside Diameter Teeth plus a by Adden- 1 ?—(iV+a) a 
dum . 


Number of 
Teeth 


Number of 
Teeth 


Thickness of 
Tooth 


Working Depth 
Whole Depth 
Qearaiioe 
Ct i i r aii c e 


Multiply Pitch Diameter by 7vr_. ry n 
the DUmetral Pitch. ^ ^ ^ 

Multiply Outside Diameter 
by the Diametral Pitch-N—DP—a 
and subtract a. 

Divide 1.5708 by the Di-, _ ^»57p8 
ametral Pitch . p 

Divide z by the Diametral 

ly r —— 

Pitchorr—^ . P 

Divide 1.157 by the Diam- * 1. /•_iJL 52 
etral Rti ...* +■' p 

Divide a by the Diametral ryf^JL 

Divide a.157 by the Dia- /yr^ 
metral Pitch .^ 

DHd^.x57 by the Diametral j ^siS 3 

Divick Thickness of Tooth / ^JL 

at pitch line by zo. ^ to 
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Table i.~Involttte Tooth Parts 

(Dimensions in Inches) 


Diametral 

Pitch, 

P 

Circular 

Pitch, 

P, 

3.1416 

P 

Thickness 
of Tooth 
at Pitch 
Diameter 
T, 

1.5708 

P 

Adden¬ 

dum, 

a, 

I 

P 

Working 

De^th, 

2 

P 

Whole 
Depth Spur 
Gears, 
Worms, 
Worm 
Gears, 
2 .IS 7 

P 


6.2832 

3.1416 

2.0000 

4.0000 

4.3140 


4.1888 

2.0944 

1.3333 

2.6667 

2.8760 

I 

3.1416 

1.5708 

I.0000 

2.0000 

2 .1570 

li 

2.S133 

I.2566 

0.8000 

I.6000 

1.7256 

iJ 

2.0944 

1.0472 

0.6667 

1.3333 

1.4380 

i\ 

1.7952 

0.8976 

0.5714 

1.1429 

1.2326 

2 

1.5708 

0.7854 

0.5000 

I.0000 

1.078s 

2 i 

I.3963 

0.6981 

0.4444 

0.8889 

C.9587 

2I 

I.2566 

0.6283 

0.4000 

0.8000 

0.8628 

21 

I.1424 

0.5712 

0.3636 

0.7273 

0.7844 

3 

1.0472 

0.5236 

0.3333 

0.6667 

0.7190 


0.8976 

0.4488 

0.2857 j 

0.5714 

0.6163 

4 

0.7854 

0.3927 

0.2500 

0.5000 

0.5393 

5 

0.6283 

0.3142 

0.2000 

0.4000 

0.4314 

6 

0.5236 

0.2618 

0.1667 

0.3333 

0.3595 

7 

0.4488 

0.2244 

0,1429 

0.2857 

0.3081 

8 

0.3927 

0.1964 

0.1250 

0.2500 

0.2696 

9 

0.3491 

0.174s 

O.IIII 

0.2222 

0.2397 

10 

0.3142 

0 .IS 71 

0.1000 

0.2000 

0 . 2 IS 7 

II 

0.2856 

0.1428 

0.0909 

0.1818 

0.1961 

12 

0.2618 

0.1309 

0.0833 

0.1667 

0.1798 


0.2244 

0.1122 

0.0714 

0.1429 

0 .IS 4 I 

16 

0.1964 

0.0982 

0.062s 

0.1250 

! 0.1348 

18 

O.I 74 S 

0.0873 

0.0556 

O.IIII 

0.1198 

20 

0.1571 

0.0785 

0,0500 

O.IOOO 

0.1079 

I 

22 

0.1428 

0.0714 

0.045s 

0.0909 

0.0980 

2A 

0.1309 

0.0654 

0.0417 

0.0833 

0.0899 

26 

0.1208 

0.0604 

0,0385 

0,0769 

0.0830 

28 

0.1122 

0.0561 

0.0357 

0.0714 

0,0770 

30 

0,1047 

0.0524 

0.0333 

0.0667 

0.0753 

32 

0.0982 

0.0491 

0.0312 

0.062s 

0.0708 

36 

0.0873 

0.0436 

0.0278 

0.0556 

0.0631 

40 

0.078s 

0 . 0.393 

0.0250 

0.0500 

0.0570 

44 

0.0714 

0.0357 

0.0227 

0.0455 

0.0520 

48 

0.0654 

0.0327 

0.0208 

0.0417 

0.0478 

50 

0.0628 

0.0314 

0.0200 

0.0400 

O.C460 

S6 

0.0561 

0.0280 

0.0179 

0.0357 

0.0413 

60 

0.0524 

0,0262 

0.0167 

0.0333 

0.0387 

64 

0.0491 

0.024s 

0.0156 

0.0312 

0.0364 

72 

0.0436 

0.0218 

0.0139 

0.0278 

0.0326 

80 

0.0393 

0.0196 

0.0125 

0.0250 

0.0295 


Note. —The American Gear Manufacturers Association, Bmirire Building, 

3.200 


Pittsburgh, Pa., recommends a whole depth of 
from 30p to 300P. 


■ + 0.002 inch for gears 
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Fig. 5. — Full-Depth Tooth Proportions for Spur Gears—14J- 
Degree Composite System 


The use of both diametral and circular pitches:^ 


r. Addendum 


In Terms of 
Diametral 
Pitch, In. 

I 

“ D.P. 


2. Minimum dedendum* 

3. Working depth 

4. Minimum total depth* 

5. Pitch diameter 

6. Outside diameter 

7. Basic tooth thickness on 

pitch line 

8. Minimum clearance*-* 


1.157 


D.P. 

2 

“ D.P. 


2.157 


D.P. 

N. 

D.P. 

N. -f 2 


D.P. 

1.5708 

D.P. 

0-157 

D.P. 


In Terms of 
Circular Pitch, 

In. 

=» 0.3183 X C.P. 

» 0.3683 X C.P. 

= 0.6366 X C.P. 

« 0.6866 X C.P. 

« 0.3183 X N. X C.P. 

= 0.3183 X (N. -f- 2) X C.P. 

» o.s X C.P. 

« 0.05 X C.P. 


* N “ number of teeth. D.P. ■■ diametral pitch. C.P. = circular pitch. 
The term diametral pitch is used up to i D.P. inclusive and the term 

circular pitch is used for 3 in. C.P. and over. 

* A suitable working tolerance should be considered in connection with all 
minimum recommendations. 

* Minimum clearance refers to the clearance between the top of the gear 
tooth, and the bottom of the mating gear space, and is specified as "mini¬ 
mum” so as to allow for necessary cutter clearance for all methods of pro¬ 
ducing gears. At the present time this value has not been standardized. 
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20 -degree stub involute system 



Fig. 6 .— Basic Rack for 20-Degree Stub Involute System for Spur 

Gears 



Fig. 7. —Proportions for Spur Gears 


The use of both diametral and circular pitches:^ 




In Terms op 

In Terms of 



Diametral 

Circular Pitch, 



Pitch, In. 

In. 

I. 

Addendum 

0.8 
“ D.P. 

=- 0.2546 X C.P. 

2. 

Minimum dedendum 

I 

“ D.P. 

“ 0.3183 X C.P. 

3- 

Working depth 

1.6 
“ D.P. 

= 0.5092 X C.P. 

4- 

Minimum total depth 

1.8 
“ D.P. 

“ 0.5729 X C.P. 

s. 

Pitch diameter 

N. 

" D.P. 

= 0.3183 X N. X C.P. 

6. 

Outside diameter 

N- + 1.6 
“ D.P. 

• P.D. -f (2 addendums) 


1 N « number of teeth. D.P. diametral pitch. P.D. “ pitch diam¬ 
eter. C.P. circular pitch. The term diametral pitch is used up to 
I D.P. inclusive and the term “circular pitch” is used for 3 in. C.P. and over. 

Note.—A minimum root clearance of 0.2 in./diametral pitch is recom¬ 
mended for new cutters and gears. There is correct tooth action, however, 
between gears cut to this standard system and those cut to the Nuttall 
system, the only dimension affected being the clearance. Where the pro¬ 
posed gear tooth meshes with a Nuttall gear space there is a clearance of 
0.1425 in./diametral pitch, and where the Nuttall tooth runs with the pro- 
pos^ gear space there is a clearance of 0.2x46 in./diametral pitch. 
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CONSTANTS FOR DETERMINING CHORDAL PITCH AND 
RADIUS OF SPUR GEARS 


P = chordal pitch of teeth. 

R = radius of pitch circle. 

N == number of teeth. 

C == constant (see table below). 

j , , radius of pitch circle 

or a pi c constant for number of teeth 


Radius of pitch circle == constant X chordal pitch. 

^ , - , r . radius of pitch circle 

Constant for any number of teeth = -r—5—5——n— it* 

chordal pitch of teeth 


Examples. —i. What is radius of pitch circle of a gear having 45 
teeth, I} inch pitch? Follow 40 in the table of constants to column 
5 (making 45 teeth), and find 7.168. Multiply by pitch, ij inch, 
and get 12.54 inches radius, or 25.08 pitch diameter. 

2. What is the chordal pitch of a gear 32 inches pitch diameter, 

67 teeth? Follow 60 in table to column 7 and find 10.668. Divide 
radius (i of 32 = 16 inches) by constant. 16 10.668 = 1.5 inch 

pitch. 

3. What number of teeth has a gear of 1.5 inch chordal pitch and 

pitch diameter of 32 inches? Divide by 2 to get radius. Divide 
this by chordal pitch which will give constant: 16 1.5 = 10.666. 

Look in table for this constant which will be found to represent 
67 teeth. 


Table 2.—Constants 


N 

0 

I 

2 

3 

4 

5 

6 

7 

8 

9 

0 


0.000 

0.500 

0.577 

0.707 

0.851 

1.000 

1.152 

1.307 

1.462 

10 

I.618 

1.774 

1.932 

2.089 

2.247 

2.405 

2.563 

2.721 

2.879 

3.038 

20 

3.196 

3.355 

3513 

3.672 

3.831 

3.989 

4.148 

4.307 

4.465 

4.624 

30 

4.783 

4.942 

5.101 

5.260 

5.419 

5 .578 

.737 


6.055 

6.214 

40 

6.373 

6.532 

6.691 

6.850 

7.009 

7.168 

7.327 

7.486 

7.645 

7.804 

so 

7.963 

8.122 

8.281 

8.440 

8.599 

8.758 

8.918 

9.077 

9.236 

9.395 

60 

9 .SS 4 

9.713 

9.872 

10.031 

10.190 

10.349 

10.508 

10.668 

10.827 

10.9^ 

70 

II.145 

11.304 

11.463 

11.622 

11.781 

11.940 

12.099 

12.258 

12.418 

12.577 

80 

12.736 

12.895 

13.054 

13.213 

13.372 

13.531 

I .6^ 

13.849 

14.008 

14.168 

90 

14.327 

14.486 

14.645 

14.804 

14.963 

15.123 

15.282 

15.441 

15.600 

15.759 

100 

IS.918 

16.077 

16.236 

16.395 

16.554 

16.713 

16.873 

17.032 

17.191 

17.350 

no 

17.509 

17.668 

17.828 

17.987 

18.146 

18.305 

18.464 

18.624 

18.783 

18.942 

120 

19.IOI 

19.260 

19.419 

19.579 

19.738 

19.897 

20.056 

20.215 

20.375 

20.534 

130 

20 693 

20.852 

21.011 

21.170 

21.330 

21.489 

21.648 

21.807 

21.966 

22.126 

140 

22.285 

22.444 

22.603 

22.762 

22.921 

23.081 

23.240 

23.399 

23.558 

23.717 

ISO 

23.877 

24.036 

24.195 

24.354 

24.513 

24.672 

24.832 

24.991 

25.150 

25.309 

160 

25.468 

25.627 

25.787 

25.946 

26.105 

26.264 

26.423 

26.583 

26.742 

26.901 

170 

27.060 

27.219 

27.378 

27.538 

27.697 

27.856 

28.015 

28.174 

28.334 

28.493 

180 

28.652 

28.811 

28.970 

29.129 


29.448 

29.607 

29.766 

29.925 

30.085 

190 

30.242 

30.403 

30.562 

30.721 


31.040 

31.199 

51-358 

31.517 

31.676 

200 

31.830 

31.989 

32.148 

32.307 

32.446 

32.625 

32.785 

37:944 

33.103 


210 

33.427 

33 586 

33.746 

33-905 

34.064 

34.223 

34.382 

34 . 54 » 

34.701 

34.860 

220 

35.019 

35.178 

35.337 

35.497 

35.656 

35.815 

35.974 

36.133 

^.293 

36.452 

230 

36.611 

36.770 

36.929 

37.088 

37.248 

37.407 

37.566 

37.725 

37.884 

38.^ 

240 

38.203 

38.362 

38.521 

38.680 

38.839 

38.999 

39.158 

39.317 

39.476 

39.63s 

iSO 

39 .795 
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Gear Wheels 


Table 3.—Tooth Parts 
Diametral Pitch in First Column 


Diametral Pitch j| 

Circular Pitch 

Thickness of 
T(x>th on Pitch 

T Jne 

Via, 

-o 

9 

J 

< 

Working Depth of 
Tooth 

Depth of Srace 
bdow Pitch lone 

Whole Depth of 
Tooth 

P 

F 

t 

s 

IT 



i 

6.2832 

3-1416 

2.0000 

4.0000 

2.3142 

4-3142 

1 

4.1888 

2.0944 

1-3333 

2.6666 

1.5428 

2.8761 

I 

3.1416 

1.5708 

I.OOOO 

2.0000 

I.1571 

2.1571 

li 

2-5133 

1.2566 

.8000 

1.6000 

•9257 

1-7257 

li 

2.0944 

1.0472 

.6666 

1-3333 

•7714 

1.4381 

ti 

1-7952 

.8976 

•5714 

1.1429 

.6612 

1.2326 

2 

1.5708 

-7854 

.5000 

I.OOOO 

•5785 

1.0785 

2i 

1-3963 

.6981 

•4444 

.8888 

•5143 

•9587 

2i 

1.2566 

.6283 

.4000 

.8000 

.4628 

.8628 

2i 

I.1424 

•5712 

• 3 ^ 3 ^ 


.4208 

•7844 

3 

1.0472 

•5236 

-3333 

.6666 

•3857 

•7190 

3i 

.8976 

.44^^ 

.2857 

•5714 

•3306 

.6163 

4 

-7854 

•3927 

.2500 

.5000 

•2893 

•5393 

5 

.6283 

.3142 

.2000 

.4000 

.2314 

•4314 

6 

•5236 

.2618 

.1666 

•3333 

.1928 

•3595 

7 

.4488 

.2244 

.1429 

•2857 

•1653 

.3081 

8 

.3927 

.1963 

.1250 

.2500 

.1446 

.3696 

9 

•3491 

•1745 

.nil 

.2222 

.1286 

•2397 

10 

.3142 

•1571 

.1000 

.2000 

•1157 

•2157 

II 

.2856 

.1428 

.0909 

.1818 

.1052 

.1961 

12 

.2618 

.1309 

•0833 

.1666 

.0964 

•1798 

13 

.2417 

.1208 

.0769 

•1538 

.0890 

.1659 

14 

.2244 

.1122 

.0714 

•1429 

.0826 

•1541 


Note.— 7T0 obtain the size of any part of a diametral pitch not given in the 
table, divide the corresponding part of i diametral pitch by the pitch 
required. 


As it is natural to think of gear pitches as the distance between 
teeth, the same as threads, it is well to fix in the mind the approxi¬ 
mate center distances of the pitches most in use. Or it is easy to 
remember that, if the diametral pitch be divided by 3^, we have the 
teeth per inch on the pitch line. By this method we easily see that 
in a 10 diametral pitch gear, there are approximately 3 teeth per 
inch, but in a 22 diametral pitch, there will be just 7 teeth to the inch. 
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Table 3.—Tooth Parts— Continued 


Diametral Pitch || 

Circular Pitch 

Thickness of 
Tooth on Pitch 
Line 

Addendum and ^ 

Working Depth of 
Tooth 

Depth of Stocc 
below Pitch Line 

Whole Depth of 
Tooth 

P 

P' 

t 


JT 

s+f 

D^+f 

I-S 

.2094 

.1047 

.0666 

•1333 

.0771 

.1438 

16 

.1963 

.0982 

.0625 

.1250 

.0723 

.1348 

17 

.1848 

.0924 

.0588 


.0681 

.1269 

18 

•I74S 

•0873 

•OS5S 

.nil 

.0643 

.1198 

19 

•1633 

.0827 

.0526 

•1053 

.0609 

•113s 

20 

•1571 

.0785 

.0500 

.1000 

•0579 

.1079 

22 

.1428 

.0714 

•°45S 

.0909 

.0526 

.0980 

24 

.1309 

.0654 

.0417 

•0833 

.0482 

.0898 

26 

.1208 

.0604 

•0385 

.0769 

•044s 

.0829 

28 

.1122 

.0561 

•0357 

.0714 

.0413 

.0770 

30 

.1047 

.0524 

•0333 

.0666 

.0386 

.0719 

32 

.0982 

.0491 

.0312 

.0625 

.0362 

.0674 

34 

.0924 

,0462 

.0294 

.0588 

.0340 

.0634 

36 

•0873 

.0436 

.0278 

•0555 

•0321 

•0599 

38 

.0827 

.0413 

.0263 

.0526 

.0304 

.0568 

40 

.0785 

•0393 

.0250 

.0500 

.0289 

•0539 

42 

.0748 

•0374 

.0238 

.0476 

.0275 

.0514 

44 

.0714 

*0357 

.0227 

•0455 

•0263 

.0490 

46 

.0683 

0341 

.0217 

•0435 

.0252 

.0469 

48 

.0654 

0327 

.0208 

.0417 

.0241 

.0449 

50 

.0628 

.0314 

.0200 

.0400 

•0231 

.0431 

56 

.0561 

.0280 

.0178 

•0357 

.0207 

•038s 

60 

.0524 

.0262 

.0166 

•0333 

•0193 

.0360 


Note.—T o obtain the size of any part of a diametral pitch not given in the 
table, divide the corresponding part of i diametral pitch by the pitch 
required. 


As it is natural to think of gear pitches as the distance between 
teeth, the same as threads, it is well to fix in the mind ^e approxi¬ 
mate center distances of the pitches most in use. Or it is easy to 
remember that if the diametral pitch be divided by 3I we have the 
teeth per inch on the pitch line. By this method we easily see that 
in a lo-diametral-pitcn gear there are apprordmately 3 teeth per inch 
while in a 22 diametral pitch there will be just 7 teeth to tne inch. 
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Table 4.—Tooth Parts 
Circular Pitch in First Column 


Circular Pitch |j 

Threads or Teeth 
per Inch Linear 

1 

a 

1 

■®l 

S8 

III 

H 

Addendum and 
Module 

Working Depth 
of Tooth 

Depth of Space 
below Fitch line 

Whole Depth of 
Tooth 

Width of Thread- 
Tool at End 

Width of Thread 
at Top 


i-' 

P' 

P 

/ 

s 



ir+f 

P'X.31 


2 

i 

1.5708 

I.0000 

.6366 

1.2732 

.7366 

1.3732 

.6200 

.6700 


A 

1-6755 

•9375 

.5968 

I-I937 

.6906 

1.2874 

-3813 

.6281 

ti 

f 

1-7952 

•8750 

•5570 

I.II41 

.6445 

1.2016 

-3425 

.5863 

i| 

¥ 

1-9333 

.8125 

•5173 

1-0345 

•5985 

1.1158 

-5038 

•5444 

ih 

i 

2.0944 

.7500 

•4775 

•9549 

•5525 

1.0209 

.4650 

-302s 


¥ 

2-1855 

.7187 

-4576 

•9131 

.5294 

.9870 

.4456 

.4816 

ti 

A 

2.2848 

-6875 

•4377 

•8754 

.5064 

.9441 

.4262 

,4606 


i 

2.3562 

.6666 

•4244 

.8488 

.4910 

•9154 

•4133 

.4466 

lyV 

¥ 

2-3936 

.6562 

-4178 

•8356 

.4834 

.9012 

.4069 

•4397 

li 

A 

2.5133 

.6250 

•3979 

•7958 

.4604 

.8583 

-3873 

.4188 

lA 


2.6450 

•5937 

.3780 

•7560 

•4374 

.8156 

.3681 

-3978 

li 

it 

2.7925 

•5625 

•3581 

.7162 

•4143 

•7724 

.3488 

-3769 

lA 

if 

2.9568 

•5312 

•3382 

.6764 

-39J3 

•7295 

.3294 

•3559 

I 

I 

3.1416 

.5000 

•3183 

.6366 

-3683 

.6866 

.3100 

.3350 

¥ 

lA 

3-3510 

.4687 

.2984 

.5968 

•3453 

•6437 

.2906 

.3141 

i 

It 

3-5904 

.4375 

•2785 

•5570 

.3223 

.6007 

•2713 

•2931 

¥ 

lA 

3.8666 

.4062 

.2586 

•5173 

•2993 

•5579 

•2519 

.2722 

t 

li 

3.9270 

.4000 

.2546 

.5092 

.2946 

•5492 

.2480 

.2680 


li 

4.1888 

•3750 

•2387 

.4775 

.2762 

•5150 

•2323 

•2513 

¥ 

ifi 

4.5696 

•3437 

.2189 

•4377 

•2532 

.4720 

.2131 

•2303 

i 

li 

4.7124 

•3333 

.2122 

•4244 

•2455 

•4577 

.2066 

•2233 

1 

ij 

5-0265 

•3125 

.1989 

•3979 

.2301 

.4291 

.1938 

.2094 

1 

if 

5-2360 

1 .3000 

.1910 

.3820 

.2210 

.4120 

.i860 

.2010 

t 


s-4978 

.2857 

.1819 

•3638 

.2105 

•3923 

.1771 

.1914 

A 

4 

5-5851 

.2812 

.1790 

.3381 

.2071 

.3862 

.1744 

.1884 


Note. —To obtain the size of any part of a circular pitch not given in the 
table, multiply the corresponding part of i second pitch by the pitch required. 


As an example take a gear having 21 diametral pitch to find the 
various tooth parts. Take i diametral pitch and divide 3.1416 by 
21 to find the corresponding circular pitch, which is 0.14951. The 
tooth thickness is 1.5708 -r 2i =» 0.0748; the addendum is i.o 21 
» 0.04761: the working depth is 2.0 -r 21. — 0.09522; the depth 
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Table 4.—Tooth Continued 


Circular Pitch | 

Threads or Teeth 
per Inch Linear 

Diametral Pitch 

S 8 

III 

H 

Addendum and 
Module 

D. 

0 

it 

“-g 

•sS 

*3 

1 - 

1^ 

■Bl 

gtt 

P' 

j" 

F' 

D 

i 

B 


r+/ 


P'X.31 

^x.335 

i 

2 


.2500 


•3183 

.1842 

•3433 

•1350 

•167s 

t 


7.0685 

.2222 

•1415 

.2830 

•1637 

-3052 

-1378 

.1489 


2? 

7.1808 

.2187 

-1393 

-278s 

.1611 

•3003 

•1356 

,1466 

i 

2j 

7-3304 

•2143 

-1364 

.2728 

-1578 

.2942 

-1328 

.1436 


2I 

7-8540 

.2000 

.1273 

•2546 

•1473 

.2746 

.1240 

.1340 

i 

aj 

8-3776 

=1875 

.1194 

•2387 

.1381 

•2375 

.1163 

.1256 

A 

2i 

8.6394 

.1818 

.1158 

.2316 

.1340 

.2498 

.1127 

.1218 

i 

3, 

9.4248 

.1666 

.106? 

.2122 

.1228 

.2289 

•1033 

.1117 

A 

3i 

10.0531 

.1562 

•0995 

.1989 

.1151 

.2146 

.0969 

.1047 

A 


10.4719 

.1500 

•0955 

.1910 

.1105 

.2060 

.0930 

.1005 

? 

3i 

10.9956 

.1429 

.0909 

.1819 

.1052 

.1962 

.0886 

•0957 

i 

4 

12.5664 

.1250 

.0796 

-1391 

.0921 

.1716 

•0775 

.0838 

I 

4i 

14-1372 

.nil 

.0707 

*1415 

.0818 

.1526 

.0689 

.0744 

i 

5 

15.7080 

.1000 

-0637 

.1273 

-0737 

•1373 

.0620 

.0670 

A 

5l 

16-7552 

-0937 

-0597 

.1194 

.0690 

.1287 

.0581 

.0628 

A 


17.2788 

.0909 

•0579 

.1158 

.0670 

.1249 

.0564 

.0609 

i 

6 

18.8496 

-0833 

•0531 

.1061 

.0614 

.1144 

•0517 

-0358 

A 

6J 

20.4203 

.0769 

.0489 

.0978 

.0566 

•1055 

.0477 

-0513 


7, 

21.9911 

.0714 

•0455 

.0910 

.0526 

.0981 

.0443 

-0479 

A 

7i 

23-5619 

.0666 

.0425 

.0850 

.0492 

.0917 

.0414 

.0446 

i 

8 

25-1327 

.0625 

.0398 

.0796 

.0460 

.0858 

.0388 

.0419 

f 

9 

28.2743 

•0555 

-0334: 

.0707 

.0409 

.0763 

.0344 

.0372 

A 

10 

31-4159 

.0500 

.0318, 

.0637 

.0368 

.0687 

.0310 

•0335 

A 

16 

50-2655 

.0312 

.0199 

.0398 

.0230 

.0429 

.0194 

.0209 

A 

20 

62.8318 

.0250 

-0159 

.0318 

.0184 

•0343 

•0155 

.0167 


Note.—T o obtain the size of any part of a circular pitch not given in the 
table, muHiply the corresponding part of i second pitch by the pitch required. 


below pitch line is 1.1571 -i- 21 «= 0.0551 and the whole depth is 
2.1571 21 — 0.1027 inch. These could also have been obtained 

by splitting the difference between the figures for 20 and 22 pitch. 
The same can be done for circular pitch except that we multiply 
instead of divide. 
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LAYING OUT SPUR-GEAR BLANKS 

Decide upon the size wanted, remembering that 12-pitch teeth 
are deep, and 8-pitch—as in Fig. 8—| deep, etc. Should it be 
8 pitch, as shown, draw a circle measuring as many eighths of 
an inch in diameter as there are to be teeth in the gear. This 
circle is called the “pitch line.^* Then with a radius J inch larger, 
draw another circle from the same center, which will give the outside 
diameter of the gear, or | larger than the pitch circle. Thus we 
have for the diameter of an 8-pitch gear of 24 teeth, Should 
there be 16 teeth, as in the small spur gear shown, the outside 
diameter would be the number of teeth being always two less 
than there are eighths —when it is 8 pitch —in the outside diameter. 



The distance from the pitch line to the bottom of the teeth is the 
same as to the top, except the clearance, which varies from f of 
the pitch to ^ of the thickness of the tooth at the pitch line. This 
latter is used by Brown and Sharpe and many others, but the clear¬ 
ance being provided for in the cutters, the two gears would be laid 
out to mesh together just f. 

These rules apply to all pitches, so that the outside diameter of 
a 5-pitch gear with 24 teeth would be if a 2-pitch gear with 40 
teeth, it would be Again, if a blank be 4i (,W diameter and 
cut 6 pitch, it should contain 23 teeth. 

Actual Size of Diametral Pitches 

It is not always easy to judge or imagine just how large a given 
pitch is when measured by the diametral system. To make it 
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20 P. 

O.IS 7 I C.P. 
1.370 M.M. 


18 P. 

16 F. 

0.174s C.P. o. 1963 C.P. 

1.411 M.M. 1.587 M.M. 



14 P, 12 P. 10 E. 

0.2244 C.P. 0.2618 C.P. O-3142 C.P. 

1.814 M.M. 2.116 M.M. 2.540 M.M. 



8 P. 

0.3491 C.P. 0.3927 C.P. 

3.822 M.M. 3.17s M.M. 




5 P. 4 P. 

0.6283 C.P. 0.7854 C.P. 

5.080 M.M. 6.350 M.M. 


C.P. >■ Circular Pitch. M.M. ■■ m/m Module. 
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easy to see just what any pitch looks like, the actual sizes of twelve 
diametral pitches are given on the preceding page, ranging from 20 
to 4 teeth per inch of diameter on the pitch line, so that a good idea 
of the size of any of these teeth can be had at a glance. 

PRESSURE ANGLES 

The pressure angle of gear teeth means the angle at which one 
tooth presses against the other and can best be shown by the pinion 
and rack, Figs. 9 and 10. 
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The difference between the 14^- and 20-degree pressure angles 
can be seen by comparing Figs. 9 and 10. Not only is the tooth 
shorter, but the base is broader. 

STUB-TOOTH GEARS 

Any tooth shorter than the regular standard length is called a 
“stub” tooth, but like the bastard thread there have been many 
kinds. In 1899, the Fellows Gear Shaper Company introduced a 
short tooth with a 20-degree pressure angle instead of the usual 
I4j-degree. This gives a broader flank to the tooth and makes a 
stronger gear, especially for small pinions where strength is needed. 
While the Fellows tooth is shorter than the standard tooth, there is 
no fixed relation between them, as, on account of the tooth depth 
graduations of the gear shaper, it was thought best to give the new 
tooth depth in the same scale which is shown in table on this page. 
This means that if the pitch is 4, it has the depth of a 5-pitch stand¬ 
ard tooth divided as shown. The clearance is one-quarter the 
addendum or dedendum. 

Table 5.—Gear-Tooth Parts (2o-Degree Pressure Angle, 
Stub-Tooth Form) 

The Fellows Gear Shaper Company Standard 


Diametral 

Pitch 




Dimensions in Inches 


Thickness 


Dedendum 

Whole 

Double 

on Pitch 

Addendum 

Plus 

Depth of 

Depth of 

Line 


Clearance 

Tooth 

Tooth 

0.5236 

0.2500 

0.3125 

0.5625 

I.1250 

0.3927 

0.2000 

0.2500 

0.4500 

0.9000 

0.3142 

0.1429 

0.1786 

0.3215 

0.6430 

0.2618 

0.1250 

0.1562 

0. 2812 

0.5625 

0.2244 

0. nil 

0.1389 

0.2500 

0.5000 

0.1963 

0.1000 

0.1250 

0.2250 

0.4500 

0.1745 

0.0909 

0.1136 

0.2045 

0.4090 

O.1571 

0.0833 

0.1042 

0.1875 

0.3750 

0.1309 

O.C7I4 

0.0893 

0.1607 

0.3214 

0.I208 

0.0625 

0.0781 

0.1406 

0. 2812 

0. 1122 

0.0555 

0.0694 

0.1250 

0,2500 

0. 1047 

0.0500 

0.0625 

O.II25 

0.2250 

0.0982 

0.0476 

0.0595 

0.1071 

0.2142 

0.0924 

0.0454 

0.0568 

0.1023 

0.2046 

0.0873 

0.0417 

0.0521 

0.0937 

0.1875 

0.0827 

0.0400 

0.0500 

0.0900 

0.1800 

0.0785 

0.0385 

0.0481 

o*.o865 

0.I73I 

0.0748 

0.0357 

0.0446 

0.6803 

0.1607 

0.0714 

0.0345 

0.0431 

0.0776 

0.1552 

0.0683 

0.0330 

0.0412 

0.0742 

0.1485 

0.0654 

0.0312 

0.0391 

0.0703 

0.1406 
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Table 6.—Outside Diameters of Stub-Tooth Gears 

^ ^ no. teeth ■,» j i i 

P.D. =-7-r—r addendum = i-:— r -clear == 

numerator pitch denominator pitch 

addendum 


4 

O.D. = P.D. + I 2 X j--^--r ] dedendum = 

V denominator pitch/ 

I 

denominator pitch 


Pitch 

i 

t 


■ 


ft 


■ 

■ 


Num¬ 
ber of 
Teeth 

■ 

■ 

■ 

■ 

1 

1 

1 

1 

1 


14 




2.583 

2.222 

1.950 

1.738 

1.567 

1.310 

.970 

IS 



3.286 

2.750 

2.36s 

2.075 

1.849 

1.667 

1.393 

1.033 

16 

BfEjcfS 

4.400 

3.4^ 

2.917 

2.508 

2.200 

1.960 

1.767 

1.476 

1.09s 

17 

6.167 

4.050 

3.086 

3.083 

2.651 

2.325 

2.071 

r.867 

1.560 

1.158 

18 

6.500 

4.900 

3.886 

3.250 

2.794 

2.450 

2.182 

1.967 

1.643 

1.220 

19 

6.833 

S.150 

4.086 

3.417 

2.937 

2.575 

2.292 

2.067 

1.726 

1.283 

30 

7.167 

5.400 

4.286 

3.583 

3.080 

2.700 


2.167 

1.809 

1.345 

22 

7.833 

5.900 

4.686 

3.917 

3.36s 

2.950 

2.367 

1.976 

1.470 


8.500 

6,400 

5.086 


3.651 

3.200 

2.849 

2.567 

2.143 

1.595 

36 

9.167 

6.900 

5.486 


3.937 

3.450 

3.071 

2.767 

2.310 

1.720 

28 

9.833 

7.400 

5.886 

4.917 

4.222 

3.700 

3.293 

2.967 

2.476 

1.84s 

30 

10.500 

7.900 

6.286 

5.250 

4.508 

3.950 

3.515 

3.167 

2.643 

1.970 

33 

11.167 

8.400 

6.686 

5.583 

4.794 

4.200 

3.738 

3.367 

2.809 

2.095 

34 

11.833 

8.900 

7.086 

5.917 

5.080 

4.450 

3.960 

3.567 

2.976 

2.220 

30 

12.500 

9.400 

7.486 

6.250 

5.365 

4.700 

4.182 

3.767 

3.143 

2.34s 

38 

13.167 

9.900 

7.886 

6.583 

5.651 

4.950 

4.404 

3.967 

3.310 

2.470 

40 

13.833 

10.400 

8.286 

6.917 

5.937 

5.200 

4.626 

4.167 

3.476 

2.595 

42 

14.500 

10.900 

8.686 

7.250 

6.222 

5.450 

4.849 

4.367 

3.643 

2.720 


15.167 

11.400 

9.086 

7.583 

6.508 

5.700 

5.071 

4.567 

3.809 

2.84s 

15.833 

11.900 

9.486 

7.917 

6.794 

5.950 

S.293 

4.767 

3.976 

2.970 

48 

16.500 

12.400 

9.886 

8.250 

7.080 

6.200 

5.515 

4.967 

4.143 

3.09s 

50 

17.167 

12.900 

10.286 

8.583 

7.36s 

6.450 

5.738 

5.167 

4.310 

3.220 

53 

17.833 

13.400 

10,686 

8.917 

7.651 

6.700 

5.960 

5.367 

4.476 

3.34s 

S4 

18.500 

13.900 

11.086 

9.250 

7.937 

6.950 

6.182 

5.567 

4.643 

3.470 

SO 

19.167 

14.400 

11.486 

9.583 

8.222 

7.200 

6.404 

5.767 

4.809 

3.595 

S8 

19.833 

14.900 

11.886 

9.917 

8.508 

7.450 

6.626 

5.967 

4.976 

3.720 

60 

20.500 

15.400 

12.286 

10.250 

8.794 

7.700 

6.849 

6.167 

5.143 

3.84s 

62 

21.167 

15.900 

12.686 

10.583 

9.080 

7.950 

7.071 

6.367 

5.310 

3.970 


21.833 

16.400 

13.086 

10,917 

9.36s 

8.200 

7.293 

6.567 

5.476 

4.09s 

60 

32.500 

16.900 

13.486 

11.250 

9.651 

8.450 

7.515 

6.767 

5.043 

4.220 

68 

23.167 

17.400 

13.886 

11.583 

9.937 

8,700 

7.738 

6.967 

5.809 

4.345 

70 

33.833 

17.900 

14.286 

11.917 

10.222 

8.950 

7.960 

7.167 

5.976 

4.470 


INTERFERENCE IN INVOLUTE GEARING 

Interference between the teeth of involute gears is to be avoided, 
and in laying out a gear train, it is convenient to know the smallest 
permissible number of teeth in the driving pinion which can be 
used and at the same time avoid interference. 

As the straight «ided rack is the basis of the involute system, 
interference between teeth is worked out on the basis of the rack. 






































































LONG AND SHORT ADDENDUM 249 

A formula which can be used for this purpose is as follows in which 
N equals the smallest number of teeth in the pinion and the con¬ 
stant equals the addendum length: 

^ 2 X pressure angle + constant 

tan^ of pressure angle 

The accompanying table contains a compilation of values based 
on this formula and covering three different addendum lengths: 
The so-called “standard” or i-inch addendum that is based on i 
diametral pitch; the stub tooth, which, on i diametral pitch, is 
Y^j-inch or 0.800; and J-inch addendum or 0.875 for i diametral 
pitch. The pressure angles range from i4§ to 30 degrees, inclusive. 

It is interesting to note that 32 teeth is the smallest number 
with a i4j-degree pressure angle and a full length tooth which will 
avoid interference with a standard unmodified* rack of the same 
tooth proportions; whereas, by shortening the addendum to ^ inch, 
26 teeth can be used with a I4i-degree pressure angle. 

The formula given above can, of course, be used to obtain the 
smallest permissible number of teeth with any addendum length 
by inserting the value over the addendum length where the con¬ 
stant appears in the formula. 

Table 7.— Smallest Permissible Number of Teeth in Pinion to 
Avoid Interference with Rack of Same Proportions 
Addendum Lengths Based on i Diametral Pitch 


Smallest Number of Teeth in Pinion 


Pressure Angle 

I In. 

Addendum 

|In. 

Addendum 

A In. 

Addendum 

14° |0' 

32 

28 

26 

K 

30 

26 

24 

17 

24 

21 

19 

20° 

18 

IS 

14 

22° 30' 

14 

12 

II 

24" 

12 

II 

10 

2 f 30' 

10 

9 

8 

30 *" 

9 

7 

i 7 

1 


LONG AND SHORT ADDENDUM TEETH 

A careful analysis of the action of involute gears indicates that 
the best tooth action will result when the addenda bn the gear and 
pinion are made in proportion in length to the ratio between the 
number of teeth in mesh. 

Using a long addendum pinion and short addendum gear reduces 
the angle of approach and increases the angle of recession. The 





Pitch Diameters of Standard Gears 

5 accom|)an3dng tables require little explanation, being simply given to save time in laying out gear trains, 
the diametral pitch and the number of teeth, the pitch diameter is easily found from the tables. They also 
e corresponding circular pitch, designated by C. P. Diameters of larger gears are found by multiplication, 
ing the pitch diameter, the outside diameter can easily be found by adding two parts of the pitch of stand- 
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23-333 17-50 14-00 11.666 
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action of gears so designed is smoother when the angle of recession 
is greater than the angle of approach. A pressure angle should 
also be selected which will avoid interference, and by reference to 
the preceding table, if we know the smallest number of teeth in 
the pinion, we can then select a pressure angle which will avoid 
interference. 

To illustrate, assume that it is desired to figure the addenda of a 
7-pitch gear and pinion having a tooth ratio of 33 to 18 teeth, 
respectively. Also assume that we will make the addenda | inch 
based on i diametral pitch. For a 7-pitch gear, this would give 
an addendum length of 0.125 inch. The total addenda, therefore, 
on gear and pinion would be 0.250 inch. By referring back to 
Table 7, we would have to select a pressure angle of 20 degrees 
to avoid interference with a 15-tooth pinion. The ratio between 
the number of teeth is 33 over 18, or 1.8333 :1. In other words, 
the length of the addendum on the pinion should be 1.833 times 
greater than that on the gear. The sum of the addenda on the 
gear and pinion is 0,250 inch. Therefore, the addenda of the 
gear will be 0.250 over r.833 plus i, or 0.0882 inch, and the adden¬ 
dum on the pinion will be 0.250 minus 0.0882 equals 0.1618 inch. 

Table 8 a .— Total Tooth Space Depth for Shaved Gears of 
Standard Tooth Proportions with Sixteen or More 
Teeth 


Normal Pitchi 

4 

Formula for Obtaining Total 
Tooth Space Depth (D) 

5 to 6 

2.2 

D — -f 0.015 inch 

7 to 9 

D = -f 0.020 inch 

10 to 29 

D-’f 

30 to 45 

B.'-f 

46 to 64 

2 

D = ~ 0.010 inch 

r 

65 to 100 

2 

D = — -p 0.007 inch 


* In spur gears, the normal and diametral pitch are the same. For 
helical gears, where the pitch is a fraction, and for Fellows stub-tooth gears, 
use the denominator pitch as the divisor. 



Table 8b. —2o-Degree Pressltre Angle Involute Spur Gears 

(A.G.M.A. Tentative Standard for Fine Pitch Gears^) 


PRESSURE ANGLE 
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' Approximately correct for all pitches. Do not divide by diametral pitch. 
Dimensions for enlarged pinions (thirty-one and fewer teeth) and mating gears. 
Refer to A. G. M. A. Standard. Values in inches at i diametral pitch. 
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MEASURING ENLARGED PINIONS WITH WIRES 


Since the outside diameter and addendum have been increased, 
standard wires - • will come below the tops of the teeth of 

enlarged pinions, and a new series of wires is recommended which is 
— * This value results in sizes which in some cases are the 
same as some other standard external or internal sizes. Measure¬ 
ments over - — wires for 20-degree pressure angle pinions are 


given in Table 8 b. The wire diameters are given in Table 8 d. 
Pinions having eighteen or more teeth in the 20-degree pressure 
angle system are made standard. 


Table 8 d .— Wire Diameters for Measuring Enlarged Pinions 


p 

G 

1.92 Inch 
— y- 

P 

G 

1.92 Inch 

P 

P 

G 

1.92 Inch 
P 

2 

0.960 

II 

0.17454 

36 

0.05333 

4 

0.768 

12 

0.t6o^ 

40 

0.048^ 

3 

0.640 

14 

0.13714 

48 

0.040^ 

4 

0.480^ 

16 

0.120^ 

64 

0.030^ 

5 

0.384 

18 

0.10667 

72 

0.02667 

6 

0.320 

20 

0.096^ 

80 

0.024^ 

7 

0 

K> 

CO 

22 

0,08727 

100 

0.0192 

8 

0.240^ 

24 

0.080^ 

120 

0 0160 

9 

0-21333 

28 

0.06857 

160 

0.0120 

10 

0.192^ 

32 

0.060^ 

200 

0.0096 


1 Standard external or internal gear wire sizes. 


MEASURING REDUCED GEARS (SHORT ADDENDUM) 

With the Fellows stub tooth gear the numerator represents the 
diametral pitch and should be used for calculating pitch diameter 
and circular pitch. The denominator is used in calculating adden¬ 
dum and dedendum. With a J Fellows gear use J for pitch and 
9 for tooth depth. This means use a 7P wire for measuring. 
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Table Se. —Gear Wire Sizes in Inches* 


Diametral Pitch, 

P 

For External Gears 

For Internal Gears 

G = inch 

2 

0.864 

0. 720 

A 

0.6912 

0.576 

3 

0.576 

0.480 

4 

0.432 

0.360 

6 

0.288 

0.240 

7 

0.24686 

0.20571 

8 

0.216 

0. 180 

9 

0. 192 

0.160 

10 

0.1728 

0.144 

II 

0.15709 

O.13091 

12 

0.144 

0.120 

14 

0.12343 

0.10286* 

16 

0.108 

0.090 

18 

0.096 

0.080 

20 

0.0864 

0.072 

22 

007855 

0.06545 

24 

0.072 

0.060 

28 

0.06171 

0.05143 

32 

0.054 

0.045 

36 

0.048 

0.040 

40 

0.0432 

0.036 

48 

0.036 

0.030 

64 

0.027 

0.0225 

72 

0.024 

0.020 

80 

0.0216 

0.018 


* These are Van Keuren wires which are li inches long and accurate 
within 0.000025 for size and soundness. Standardized at i pound pressure 
between flat contacts. 


Table 8/.—Special Sizes of Gear Wires 


Size Range, in Inches 

1 Size Range, in Inches 

0.002-0.005 

0.I80-0.250 

0.005-0.007 

0.250-0.500 

0.007-0.010 

0.500-0.750 

0.010-0.016 

0.750-1.000 

0.016-0.100 

I.000-1.5708 

0.100-0.180 



These special sizes are used in measuring helical gears and splines. 
They are made up in sets of two or in pairs. 
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Table 9.—Turning and Cutting Gear Blanks 
EOR Standard-Length Tooth 


Pitch 

16 

1 : 

[3 

I 10 

1 8 

Pitch 

16 

1 12 

i 10 

1 8 

Depth 
of Tooth 

•13s 

1 .180 

1 .ai6 

I .270 

Depth 
of Tooth 

^ -135 

j .180 

. 3 x 6 

1 .270 

No. of 
Teeth 

Outside Diameter 

No. of 
Teeth 

Outside Diameter 

10 

i 

I 


l-lft 

i 4 

51 

3A 

4 A 

5 ft 

6t 

II 


* 

ift 

lA 


52 


4 ft 

5 A 

6i 

12 



ift 

lA 

If 

53 

3A 

4 ft 

5 A 

65 

13 


H 

ift 

IA 

li 

54 

34 

4 ft 

sA 

7 

14 

I 


ift 

IA 

2 

55 

3A 

4 ft 

5 A 

75 

IS 

1* 

ift 

lA 

2i 

56 

38 

4! 

5A 

71 

16 

ij 


lA 

24 

57 

355 

455 

5 ft 

78 

17 

ItV 

I ft 

IA 

2j 

58 

38 

5 

6 

74 

18 

li 

ift 

2 


59 

358 

sA 

6,V 

78 

19 

itV 

I- 

ft 

2A 


60 

34 

5 ft 

6A 

7 i 

20 


i 

I 


2A 


61 

358 

5ft 

6A 

75 

21 

'A 

I 

i 

2A 

2i 

62 

4 

5 ft 

6A 

8 

22 


i 

2 


2A 

3 

63 

4 A 

5 ft 

6A 

85 

23 

lA 

2* 

=A 

3 i 

64 

45 

5 ft 

6i»ff 

85 

24 



2ft 

2A 

3 i 

65 

4 A 

5ft 

6A 

88 

25 


2ft 

2A 

38 

66 

4 i 

sft 

6A 

85 

26 



2A 

3 i 

67 

4 A 

5 ft 

6A 

88 

27 

lil 

2 ft 

2A 

38 

68 

4 i 

558 

7 

8i 

28 

li 


3 , 

3 i 

69 

4A 

541 

7* 

85 

29 

I] 

[i 

2ft 

3A 

35 

70 

4 i 

6 

7 A 

9 

30 

2 


2^ 

ft 

3 A 

4 

71 

4 A 

6ft 

7 A 

94 

31 


21 

(ft 

3A 

4 i 

72 

4 i 

6ft 

7A 

9 i 

32 

2] 



3A 

4 i 

73 

455 

6ft 

7 jjs 

9 i 

33 


2li 

3 A 

4 i 

74 

4 i 

6ft 

7 A 

94 

34 



3 

. 

3A 

4 i 

75 

441 

6ft 

7 A 

94 

35 

2 ft 

3 * 

3A 

48 

76 

4 i 

6ft 

7 A 

9 i 

36 


3 A 

3 A 

4 i 

77 

14 H 

6ft 

7 A 

9 i 

37 

2 ft 

3 ^ 

ft 

3 A 

4 i 

78 

5 

6ft 

8 

10 

38 

24 

3 i 

ft 

4 

S 

79 

5 A 

6ft 

8 A 

loi 

39 

2l 

ft 

3 ^ 

ft 

4 A 

55 

80 

54 

m 

8 A 

loi 

40 

2 

f 

3 i 

ft 

4 A 

5 i 

81 

5 A 

6H 

8 * 

io| 

41 

2 

:i 

3 i 

ft 

4A 

5 i 

82 

5 i 

7 

8A 

loj 

42 

2 

L 

3 ft 

4 A 

S5 

83 

5 A 

7ft 

8A 

loj 

43 

2^ 

:i 

3i 

ft 

4A 

s8 

84 

5 i 

7A 

8A 

I0| 

44 

2] 

[ 

3] 

■i 


5 i 

85 

5 A 

7ft 

8A 

io| 

45 

2^ 

■i 

3] 


4A 

si 

86 

54 

7ft 

8A 

II 

46 

3 


4 


4 A 

6 

87 

5 ft 

7ft 

8A 

Iii 

47 

3i 


4ft 

4A 

65 

88 

5 t 

7ft 

9 

Iii 

48 

3I 


4ft 

5 , 

65 

89 


7ft 

9A 

Ilj 

49 

3ft 

4 ft 

sA 

68 

90 

5 i ' 

7A 

9A 

II4 

50 

3 i 

4ft 

sA 

65 

91 

5 ii 

7ft 

9A 

III 
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BROWN AND SHARPE INVOLUTE GEAR-TOOTH CUTTERS 


No. I 
No. 
No. 2 
No. 

No, 3 
No, 3i 
No, 4 
No. 4i 
No. 5 
No, si 
No. 6 
No, 6i 
No. 7 
No, 7i 
No 8 


will cut 
will cut 
will cut 
will cut 
will cut 
will cut 
will cut 
will cut 
will cut 
will cut 
will cut 
will cut 
will cut 
will cut 
will cut 


wheels 

wheels 

wheels 

wheels 

wheels 

wheels 

wheels 

wheels 

wheels 

wheels 

wheels 

wheels 

wheels 

wheels 

wheels 


from 

from 

from 

from 

from 

from 

from 

from 

from 

from 

from 

from 

from 

from 

from 


I 3 S teeth to 
8o teeth to 
SS teeth to 
42 teeth to 
35 teeth to 
30 teeth to 
26 teeth to 
23 teeth to 
21 teeth to 
19 teeth to 
17 teeth to 
15 teeth to 
14 teeth to 
13 teeth to 
12 teeth to 


a rack. 

134 teeth. 
134 teeth. 
54 teeth. 
54 teeth. 
34 teeth. 
34 teeth, 
25 teeth. 
25 teeth. 
20 teeth. 
20 teeth. 
16 teeth. 
16 teeth. 


The eight cutters represented by the whole numbers constitute the 
regular set of cutters generally used for each pitch of tooth. The 
half numbers increase the set to 15 and give teeth which are theo¬ 
retically more correct. In some work special cutters are used for 
each gear but the 15 cutters in a set offer all that most cases require. 

Table 10. —Depth of Space and Thickness of Tooth in Spur 
Wheels, When Cut with These Cuiters 


Pitch 

of 

Cutter 

Depth to be 
cut in Gear 
Inches 

Thickness of 
Tooth at Pitch 
Line. Inches 

Pitch 

of 

Cutter 

Depth to be 
cut in Gear 
Inches 

Thickness of 
Tooth at Pitch 
Line. Inches 

, 

xt 

1.726 

1.257 

1 

.196 

.143 

xi 

1.438 

1.047 


.180 

.131 

1} 

1-233 

.898 


.154 

.1X2 

2 

1.078 

.785 


.135 

.008 

2I 

•958 

.697 


.120 

.087 

2I 

.863 

.628 

20 

.108 

.079 


.784 

.570 


.oq 3 

.071 

3. 

.719 

•523 


.090 

.065 


.616 

.448 


.083 

.060 

4 

-539 

•393 

28 

.077 

.066 

5 

.431 

•314 


.072 

.052 

6 

•359 

.262 


.067 

.049 

1 

.308 

.22A 


.060 

.044 

6 

.270 

.190 


.054 

.039 

9 

.240 

•175 


.045 

.033 

xo 

.2x6 

.X57 

■■ 




To measure a gear cutter use the distance from the pitch line 
to the bottom of the space. Cutters for bevel gears are made 
approximately to the width of the space at the small end of the 
teeth where the face is one-third the apex. 


CORRECTIONS FOR LONG ADDENDUM SPUR GEARS 

If one of two meshing gears of standard design has less than 
thirty-two teeth, interference occurs unless the teeth are undercut. 
This becomes serious when twenty-five or fewer teeth are used. 
By applying thf “long and short addendum” method of gear 
design, interference and undercutting are eliminated by lengthening 
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the addendum of the pinion teeth with a corresponding shortening 
of the gear-teeth addendum. The whole depth of the teeth and 
the center distance of the gears remain the same as in the standard 
design; however, if the center distance is not important it is only 
necessary to increase the addendum of the pinion teeth. Formulas 
have been developed in connection with this method of gear design 
which give the full correction for pinion and gear teeth addenda to 
eliminate completely both interference and undercutting. 

For gears with a small number of teeth, full correction may be 
undesirable because it gives too pointed a tooth. Half corrections 
are entirely practical, resulting in minimum undercutting and a 
tooth almost as strong as one fully corrected. This is especially 
true of very small gears. 

For this half correction, the amount the addendum of the pinion 
teeth must be lengthened, and the amount the gear-teeth addendum 
must be shortened if it be desired to retain exact center distance 
between the gears, can be obtained from the formula 

P D. 

Correction = A -(sin 0 )^ 

2 

where A is the normal addendum, P.D. is the pitch diameter, and 0 
is the pressure angle. 

For example, if 24 is the diametral pitch of a six Tooth pinion 
having a pressure angle of 14^ degrees, a normal outside diameter 
^f ^ 5-3334 inch, and a normal addendum of 0.0417 inch, the correc¬ 
tion would be 


0 2 ^ 

0.0417-X 0.25038^ = 0.0338 inch 

2 

Thus the corrected pitch diameter will be 0.25 -f 0.0338 == 0.2838 
in., and the corrected outside diameter of the pinion will be 0.3334 
-f 0.0338 = 0.3672 inch. If it should be necessary to retain the 
center distance of the normal gears, this correction of 0.0338 inch 
would have to be subtracted from the normal pitch and outside gear 
diameters. 

Such corrections for spur gears with a T4i-degree pressure angle, 
five to twenty-five teeth, and 8 to 48 diametral pitch are given in 
the accompanying table. ]"or gears having a diametral pitch other 
than those given in the table, the correction is obtained by dividing 
the constant in the secon'd column by the diametral pitch given. 

These corrections for small spur gears give tooth shapes which 
have been found practical in the manufacture of precise instruments. 



Table loa. —Addendum Corrections* for Spur Gears with 25 Teeth or Less 

_ (John Apelskog) 

Number] Con- j___ Diametral Pitch 
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00 M 1000 M 

M o O>00 

MMOOO 00000 
00000 00000 


'O 'O 'O O O 

0 >0 rj- PO w M O 0^00 

mwmmm MMOOO 

00000 00000 


>0 fO N M ^ 00 ^ 

00000 00000 


NU^O'^0\ rot^<H\00 

P^OO^P'^^ OvOO 

'trO ro ro fO pO M 
00000 00000 


0 \ POOO N vO 10 0\ ^ 
'O'^TpOmO oor-iopoe^ 
<N<SNNN mmmmm 

00000 00000 


r-i—t~t'-oo oooooOO MPiNNPO 

NOOO'O'^ <NOOvt^»0 rOMO't^'O fOMO\i^‘« 

Tt^tPOrOfO POfONtSM nNmmh 

00000 00000 00000 00000 

00000 00000 00000 00000 


«0>t'‘^P0 MOO</>fOO 00'O^'-'O» OTtNOvr* 

o PO M Os'O ^<SO t'lOi^MOO sO’tNO\t'* 

POPOfOfOM PINNmm 

00000 00000 00000 00000 


p<510 o '^00 PO'O O rj" mOOipOI^ mu^oONO 

t-Tj-M OiO '«1 -moO'OpO Mooiofp}© 

t^'O'O'Oi/) lOiGiOrfrl- TTTfPOf^^PO fONNNN 

00000 00000 00000 00000 


KO O O PO •'t «/5 t^oO O PO ^vO 

NoppjMoom OvO po M 00 >0 N o\'0 

, r't^r^'O'O NO »G 10 i« ■rl-•'I'•«4’fO PO 

00000 00000 00000 


PO M O»00 r- I/) rf ts M O 00 t~vO fp} CS o Ovoo 

rfMOO-^M ooiON OnnO po O^nO pO O m tT 

OOOOr-t^t^ \0'0'0‘P5iP> >P3-pt^rt^ rp5»OPOP^c^ 

00000 00000 00000 00000 


■<<1-N>0'000 O^OnOmm Nr0'<t>^'0 O Oi 0» 

i/^MC^POOs li^MoOrtO 'OP^oO-'tO 'OPSOO'tO 

O O 0> O»00 oooor-t^t' >0'0>OiOi/5 ■'trrrorpJPO 

MMOOO 00000 00000 00000 


I (VjOOO«P> tPJOOioO QiomOOtJ- Mt^rt-Ot^ 

po M M OiOO *'-iO'<tNM O00t^‘P5''t roMOO>r'. 

rfMOO^tM oOi/^N OiO PO 0\'0 fp) O Tt M t - Tf 

oooot^i^r- >0'0'0»o»o «o "pf-pf-"t PO PO pp> N (N 


< « PO ^ ViyO t^oo 0\ 


* This constant divided by diametral pitch gives the addendum correction for gears of any diametral pitch and with five to 

twenty-five teeth. For a gear having six teeth and a diametral pitch of 28, the correction would be = 0.029 inch. 

* These corrections are to be added to pinion-teeth addenda, and subtracted from gear-teeth addenda, to prevent interference 
and eliminate excessive undercutting. If the center distance of any two gears is not important, it is only necessary to add the cor¬ 
rection to the pinion addendum. 
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THE DIMENSIONS OF GEARS BY METRIC PITCH 

Module is the pitch diameter in millimeters divided by the number of 
teeth in the gear. 

Pitch diameter in millimeters is the module multiplied by the number of 
teeth in the gear. 

M 
D 
D 
N 
D" 
t 

f 

Then 
M 


D' 

D 

N 

D" 
t 

f 

The module is equal to the part marked S in Fig, ii, measured in milli¬ 
meters and parts or millimeters. 

Example. —Module = 3.50 millimeters 100 teeth. 

P.D. = 3.S X 100 == 350 millimeters. 

Whole diameter = (100 + 2) X 3-5 = 357 millimeters. 

Table ii.—Pitches Commonly Used—Module in Millimeters 


• module. 

the pitch diameter of gear, 
the whole diameter of gear. 

■ the number of teeth in gear. 

> the working depth of teeth. 

^ thickness oil teeth on pitch line. 

■ amount added to depth for clearance. 


D' D 
" N N 2' 

: N M. 

(W + 2) M. 
D' D 
' M 

2M. 

M 1.5708. 

M 1.5708 



0.157 M. 


Fig. II.— Metric Gears 


Module 

Corresponding 

English 

Diametral Pitch 

Module 

Corresponding 

English 

Diametral Pitch 

i mm. 

50.800 

4.5 mm. 

5-644 

i 

33-867 

5 

5.080 

I 

25.400 

5-5 

4.618 

I- 2 S 

20.320 

6 

4.233 

I-S 

16.933 

7 

3.628 

1-75 

14.514 


3*175 

2 

12.700 

9 

2.822 

2.25 

11.288 

10 

2.540 

2-5 

10.160 

II 

2.309 

2.7s 

9.236 

12 

2.117 

3 

8.466 

14 

1.814 

3-5 

7.257 

16 

1-587 

4 

6.350 




Measuring Spur Gears by the Use of Pins 

Spur-gear teeth mav be accurately sized by placing pins or rolls 
between the teeth and measuring the distance over the pins with a 
micrometer. To avoid the necessity of calculating every measure¬ 
ment, the accompanying table (on page 256) has been worked out. 
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It will be noted that the same size of pin is used for the same pitch 
regardless of the number of teeth. 

The sizes given in the preceding table are for gears of i diametral 
pitch, and since gears of 5, 7, and 10 pitch are ^ and the size 
of one pitch, the size over pins will be or /(j the size given 
in the table, provided a pin i, 1^ or the size used in calculat¬ 
ing the table is used. The size of pin used for i pitch is 1.750 
inches; therefore, the size of pin to use for 5 pitch is 0.350 inch; for 
7 pitch, 0.250 inch; for 10 pitch, 0.175 inch, etc. 

As the number of teeth increases, the more nearly straight the 
teeth become. Between 10 and 12 teeth, in gears having 20-degree 
pressure angle, there is a diHerence of 2.000 parts of the pitch in the 
pitch diameter, whereas the difference over the pins in gears of 141- 
degree pressure angle is 2.021 parts of the pitch. Between 40 and 
42 teeth, there is again a difference in pitch diameter of 2.000, 
whereas the difference over the pins between gears of 20- and 
i4i-degree pressure angle is 2.004 parts of the pitch. Here the 
teeth become straight enough to jump from 42 to 52 teeth, then to 72, 
102, 142, leaving the missing numbers to be found by interpolation. 

To find size over pins, divide the figure in column under the 
pressure angle and opposite the number of teeth, by the pitch. 

Example. —Thirty-tooth, J pitch, 20-dcgree pressure angle: 
table gives 32.487 in 20-degree column for 30 teeth; divide this 

by pitch, which is 7.00; — = 4.641 in diameter over pins. 

Sizes given are standard; no backlash allowed; tooth and tooth 
space are taken as equal. For pitches finer than i diametral pitch, 
divide the figure opposite the number of teeth, in the column corre¬ 
sponding to the pressure angle, by the pitch. To obtain the pin 
diameter, divide 1.750 inches by the pitch. 

Example. —Twenty-tooth, lo-pitch, 25-degree pressure angle: 

22.468 

- = 2,2468 = size over pins. 

10 

The size for gears having numbers of teeth not shown, such as 
between 42 and 52, can be found readily by interpolation. When 
interpolating, care should be taken to use the upper half of the 
table if the teeth are even in number, and the lower half if the teeth 
are odd in number. Thus, the size of a 47-tooth gear would be 
found between 43 and 53, not between 42 and 52. 

For numbers of teeth greater than 142 and 143, a close approxi¬ 
mation can be found readily by adding two for every two teeth 
greater, to the figures for 142, if even, and for 143, if odd. For a 
pressure angle falling between those given in Table 12 a close 
approximation can be obtained by interpolation. The greatest 
difference is between 27^ and 30 degrees for an 8-tooth gear, and 
this is only 0.019 inch. If the figure for 27j-degree pressure angle 
had been used on a 30-degree pressure angle for a lo-pitch gear, the 
error would be 0.0019. Assuming a pressure angle of 29 degrees 
and adding f of 0.019 to the figure for 27^ degrees, the result is 
10.442. Actual calculation gives 10.443, an error of only 0.001 for 
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a I-diametral-pitch gear, or 0.0001 for a lo-diametral-pitch gear. 
When it is considered that these errors are in diameter and that the 
errors in tooth thickness are approximately half again as large, these 
figures will be seen to have sufficient accuracy. Two wires are used 
for both odd- and even-toothed gears. 

A Table for Dimensions for Miter Gears 

The table on page 260 is of service in determining the principal 
dimensions of miter gears (center angle 45 degrees), the number of 
teeth and the pitch being known. The table covers most of the 
p30ssible number of teeth from 12 to 60, inclusive, and jutches from 
2 to 10, inclusive, omitting g. Values for face and cut angles corre¬ 
spond with designations in Fig. 12. 

BEVEL GEARS 

Bevel gears are used to transmit p^ower when shafts are not par¬ 
allel. They can be made for any angle but are most often at right 
angles. Right-angle bevel gears having the same number of teeth 



Fig. 12.—Conventional Bevel Gear Nomenclature. See Remarks 
under Face Angles (p. 266a) and Gage Angle, (p. 2666). 

are often called “miter” gears. The teeth are, or should be, radial 
so that they are larger at the outer end. The names of parts are 
shown in Fig. 12. These should be noted carefully, particularly 
the face angles. The earlier editions measured face angle at right 
angles to the axis, but this is now changed as shown. 








26 o 


GEARING 


Laying Out Bevel-Gear Blanks 

In laying out bevel gears, first decide upon the pitch, and draw 
the center lines BB and CC, intersecting at right angles at A as 
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shown in Fig. 13. Then draw the lines DD to EE the same distance 
each side of BB and parallel to it; the distance from DD to EE 
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being as many eighths of an inch—if it be 8 pitch—as there are to 
be teeth in the gear. In the example, the number of teeth is 24; 
therefore, the distance from DD to EE will be or li inches each 
side of BB. KK and LL are similarly drawn, but there being 
only 16 teeth in the small gear, the distance irom'KK to LL will 
be V) or I ioch each side of CC. Then through the intersections 
of DD and LL, EE and LL, and EE and KK, draw the diagonals 
FA. These are the pitch lines. Through the same point draw 
lines as GG at right angles to the pitch lines, forming the backs of 
the teeth. On these lines lay off J inch each side of the pitch lines, 
and draw MA and NA, forming the faces and bottoms of the teeth. 
The lines HH are drawn parallel to GG, the distance between them 
being the width of the face. 



The face of the larger gear should be turned to the lines MA, and 
the small gear to NA. For other pitches, the same rules apply. 
If 4 pitch, use fourths, instead of eighths; if 3 pitch, thirds, etc. 

Bevel bears should always be turned to the exact diameters and 
angles of the drawings and the teeth cut at the correct angle. 

Proportions of Miter and Bevel Gears 

To find the pitch or center angle: 

Divide the number of teeth in the gear by the number of teeth in 
the pinion. This gives the tangent of the pitch angle of the gear. 
Or divide the number of teeth in the pinion by the teeth in the gear, 
and get the tangent of the pitch an^e of the pinion* Subtracting 
either pitch angle from 90 gives the pitch angle of the other. 

To find the outside diameter: 

Multiply the cosine of the pitch angle by twice the addendum, 
and add the pitch diameter. 
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To find the outside cone radius or apex distance; 

Multiply the secant of the pitch angle of the pinion by one-half 
the pitch diameter of the gear. 

Another useful rule is: 

The apex distance of a bevel gear or pinion equals its pitch 
diameter divided by twice the size of its pitch angle or apex distance 
_ pitch diameter 
2 sine of pitch angle 
To find the face and cutting angles: 

Divide the addendum by the outside cone radius or apex distance. 
This gives the tangent of the addendum or outside angle. Subtract 
this angle from the pitch angle of the pinion to obtain the cutting 
angle of the pinion and the face angle of the gear. Subtract the 
same addendum angle from the center angle of the gear to obtain 
the cutting angle of the gear and the face angle of the pinion. This 
gives a uniform clearance and is especially for use with rotary 
cutters. 

To find height of addendum at small end of tooth: 

Divide the addendum at the large end of the tooth by the outside 
cone radius. This gives the decrease in height of the addendum for 
each inch of gear face. Multiply this by the length of the gear face, 
and subtract the result from the addendum of the large end of the 
tooth. The difference is the height of the addendum at the small 
end of the tooth. 


Cutters for Bevel Gears 

Lay out the bevel gears and draw lines A and B at right angles 
to the center angle line. Extend this to the center lines, and meas¬ 
ure A and B. The distance A — the radius of a spur gear of the 
same pitch, and finding the number of teeth in such a gear, we have 
the right cutter for the bevel gear in question. If the gears are 
8 pitch and the distance = 4 inches, multiply these together and 
by 2 to get the diameter. Then 2 X 4 X 8 = 64 teeth, so that a 
No. 2 cutter is the one to use. For the pinion, if B = 2 inches, then 
2X2X8 = 32, ora No. 4 cutter is the one to use. 

Setting Cutter Out of Center 

The cutter can be no thicker than the space at the small end of 
the teeth, so it is necessary to set it out of center and rotate the 
blank to make the space right at the large end of the teeth. The 
amount of this setover can be found by the following rule and table 
of the Brown & Sharpe Mfg. Co. 

Divide distance A, Fig. 14, by the width of the face. Find the 
factor in the table for this ratio and the cutter to be used. Divide 
this factor by the diametral pitch, and subtract the quotient from 
half the thickness of the cutter at the pitch line. As a formula 
this is: 
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„ , Tc factor m table 

Setover =-- 

2 P 

Tc — thickness of cutter used at pitch line. 

P = diametral pitch of gear to be cut. 

Example. —To cut a bevel gear of 24 teeth, 6 pitch, 30-degree 
pitch cone angle and li-inch face. Divide the number of teeth by 
the cosine of the center angle CG, f'ig. 14, which is 0.866. As 
24 0.866 is 27 -f-, we select a No. 4 cutter. The apex distance 

is 4 inches, and dividing this by the face, li inches = 3.2:1. The 
second column of the table contains this ratio, and opposite No. 4 
cutter is 0.280. Because the face of this gear is about one-third the 
apex and the cutter must be thin enough for the inner end, we use 
a cutter for 9 pitch, which is 0.1745 inch thick at the pitch line, in 
Table 14. The setover then is 

O.T74S 0.280 ^ . , 

---^— — 0.0406 inch. 

26 


First set cutter central with index head. Set head to proper cut¬ 
ting angle. Set dial on cross-feed to zero. Index and cut two or 
three grooves to depth. Set cutter out of center 0.04 inch, and note 



Fig. 14.—Finding the Cutter to Use 


adjustment on cross-feed dial. Rotate gear in opposite direction to 
setover until the side of the cutter nearest the center line cuts the 


entire surface of teeth. Reverse this for the other side, and measure 
teeth at both ends. If teeth at large end are too thick when the 
small end is correct, increase the setover. If the small end is too 
thick when the large end is right, decrease the setover. Adjust 
accordingly. 


Using the Bevel-Gear Table 


Take a pair of bevel gears 24 and 72 teeth, 8 diametral pitch. 
Divide the pinion by the gear: 24 -r 72 = 0.3333. This is the 
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Table 14.—Obtained Setover for Cutter Bevel Gears 
Ratio of Apex Distance Width of Face = 

Pace 


No. of 
Cutter 

1 

3i 

I 

1 

3i 

I 

3i 

I 

1 

1 



1 

5i 

I 

6 

I 

7 

I 

8 

I 

I 

0.254 

0.254 

0.255 

0.256 

0.257 

0.257 

0.257 

0.258 

0.258 

0.259 

0.260 

0.262 

0.264 

2 

0.266 

0.208 

0.271 

0.272 

0.273 

0.274 

0.274 

0.275 

0.277 

0.279 

0.280 

o.283| 

0.284 

3 

0.266 

0.268 

0.271 

0.273 

0.275 

0.278 

0.280 

0.282 

0.283 

0.286 

0.287 

0.290 

0.292 

4 

0.275 

0.280 

0.285 

0.287 

0.291 

0.293 

0.296 

0.298 

0.298 

0.302 

0.305 

0.308 

0.311 

S 

0.280 

0.285 

0.290 

0.293 

0.295 

0.296 

,0.298 

0.300 

0.302 

0.307 

0.309 

0.313 

0.31S 

6 

O.311 

0.318 

0.323 

0.328 

0.3.30 

0.334 

0.337 

0.340 

0.343 

0.348 

0.352 

0.356 

0.362 

7 

0.289 

0.298 

0.308 

0.316 

0.324 

0.329 

0..334 

0.338 

0.343 

0.350 

0,360 

0,370 

0.376 

8 

0.275 

0.286 

0.296 

0.309 

0.319 

0.331 

0.338 

0.344 

0.352 

0.361 

0.368 

0.3^ 

0.386 


tangent of the center angle of pinion. Look in the seven columns 
under center angles for the nearest number to this. The nearest is 
0.3346 in the center column, as all these are decimals to four places. 
Follow this out to the left and find 18 in the center-angle column. 
As the 0.3346 is in the column marked 0.50, the center angle of the 
pinion is 18.50 degrees. Looking to the right under center angles 
for gears, find 71, and add the 0.50, making the gear angle 71.50 
degrees. Thus: 

Center angle of pinion 18.5 degrees. 

Center angle of gear 71.5 degrees. 

In the first column opposite 18 is 36. Divide this by the number 
of teeth in the pinion, 24, and get 1.5 degrees. This is the angle 
increase for this pair of gears and is the amount to be added to the 
center angle to get the face angle and to be deducted to get the cut 
angles. This gives: 

Pinion center angle 18.5 1.5 = 20 degrees face angle. 

Pinion center angle 18.5 -- 1.5 = 17 degrees cut angle. 

Gear center angle 71.5 + i-5 = 73 degrees face angle. 

Gear center angle 71.5 — 1.5 = 70 degrees cut angle. 

For the outside diameter, go to the column of diameter increase, 
and in line with 18 find 1.90. Divide this by the pitch, 8, and get 
0.237, which is the diameter increase for the pinion. Follow the 
same line to the right, and find 0.65 for the gear increase. Divide 
this by the pitch, 0.8, and get 0.081 for gear increase. This gives: 

Pinion, 24 teeth, 8 pitch = 3 inches + 0.237 = 3.237 inches out¬ 
side diameter. 

Gear, 72 teeth, 8 pitch = 9 inches + 0.081 = 9.081 inches out¬ 
side diameter. 

To Select the Cutter 

Another way of selecting the cutter is to divide the number of 
teeth in the gear by the cosine of the center angle C, and the answer 
is the number of‘teeth in a spur gear from which to select the cutter. 
For the pinion, the process is the same, except that the number of 
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Table 15.—Bevel Geabs 
Shaft Angles 90 Degbees 


Angle Increase; 
Divide by Teeth 
in Pinion 

Diameter In¬ 
crease; Divide by 
Pitch for Pinion 

Center Angle 
Degrees for 
Pinion 

Center Angle Hundredth Degrees 

Center Angle 
Degrees for 

Diameter In- 
crease: Divide by 
Pitch lor Gear 

Left-hand Column read here 

0 

•17 

.33 

•50 

.67 

.83 

IX» 

z 

3.00 

0 

.0000 

.0039 

.0058 

.0087 

.0116 

.0145 

.0175 

89 

•03 

a 

3.00 

1 

.0175 

.0204 

.0233 

.0262 

.0291 

^320 

.0349 

88 

•07 

4 

3.00 

a 

.0349 

.0378 

.0407 

.0437 

^5466 

.0495 

.0524 

87 

.10 

6 

3.00 

3 

.0534 

.0553 

^>582 

.0612 

.0641 

.0670 

.0699 

86 

-14 

8 

1*99 

4 

.0699 

.0729 

.0758 

.0787 

.0816 

.0846 

.0875 

85 

•17 

10 

1-99 

s 

.0875 

.0904 

.0934 

^963 

.099a 

.1022 

.1051 

84 

.21 

la 

1-99 

6 

.1051 

.1080 

.1110 

.1139 

.1169 

.1198 

.1228 

8j 

.24 

14 

1.98 

7 

.1228 

•1257 

.1278 

•1317 

•1346 

•1376 

.1405 

82 

.28 

10 

1.98 

8 

.1405 

•1435 

•1465 

.1495 

•1524 

.1554 

.1584 

81 

•31 

18 

1.98 

9 

.1584 

.1614 

.1644 

•1673 

•1703 

.1733 

•1763 

80 

.34 

30 

1.97 

10 

.1763 

•1793 

.1823 

•1853 

.1883 

.1914 

•1944 

79 

.38 

aa 

1.96 

II 

.1944 

.1974 

.2004 

•2035 

.2065 

•2095 

.2126 

78 

.41 


1.96 

13 

.2(26 

.2156 

.2186 

.2217 

•2247 

.2278 

.2309 

77 

•45 


1-95 

13 

.2309 

.2339 

.2370 

.2401 

•2433 

.2462 

.2493 

76 

.48 

38 

1.94 

14 

.3493 

.2524 

.2555 

.2586 

.2617 

.2648 

.2679 

75 

.51 

30 

1-93 

15 

.2679 

.27x1 

•2742 

.3773 

.2805 

.2836 

.2867 

74 

•55 

3a 

1.9a 

i6 

.2867 

.2899 

.2931 

.2962 

.2994 

.3026 

.3057 

73 

.58 

34 

1.91 

17 

.3057 

.3089 

.3121 

.3153 

.3185 

.3217 

.3249 

7a 

.6a 

36 

1.90 

i8 

.3249 

.3281 

.3314 

•3346 

.3378 

.3411 

.3443 

71 

.65 

37 

1.89 

19 

.3443 

.3476 

.3508 

.3541 

.3574 

.3607 

.3640 

70 

.68 

39 

1.88 

30 

.3640 

•3673 

.3706 

.3739 

.3772 

.3805 

.3839 

69 

.71 

41 

1.86 

31 

.3839 

.3873 

.3906 

.3939 

.3973 

»40o6 

M4040 

68 

.75 

43 • 

1.8s 

33 

^040 

.4074 

.4108 

.4142 

.4176 

.4210 

.4245 

67 

.78 

45 

1.84 

33 

-4245 

•4279 

.4314 

-4348 

.4383 

.4417 

•4453 

66 

.81 

47 

1.8a 

34 

.4452 

.4487 

.4522 

.4557 

.4592 

.4628 

.4663 

65 

.84 

49 

i.8x 

35 

^*663 

-4699 

.4734 

.4770 

.4806 

^4841 

.4877 

64 

.88 

50 

1.79 

36 

.4877 

.4913 

•4950 

.4986 

.502a 

.5059 

.5095 

63 

.91 

5a 

1.78 

37 

•5095 

.5133 

.5169 

.5206 

.5243 

.5280 

•5317 

62 

.93 

54 

1.76 

38 

.5317 

.5354 

.5392 

.5430 

.5467 

.5505 

.5543 

61 

.97 

S6 

1.74 

39 

.5543 

•5581 

.5619 

.5658 

.5696 

•5735 

•5774 

60 

1.00 

57 

1.73 

30 

.5774 

.5812 

.5851 

.5890 

.5930 

.5969 

.6009 

59 

1.03 

59 

1.71 

31 

.6009 

.6048 

.6088 

.6128 

.6168 

.6208 

.6249 

58 

1.05 

61 

1.69 

3a 

.6349 

.6289 

.6330 

.6371 

.6412 

•6453 

.6494 

57 

1.08 

63 

1.67 

33 

.6494 

.6536 

.6577 

.6619 

.6661 

.6703 

.6745 

56 

I.II 

64 

1.6s 

34 

.6745 

.6787 

.6830 

.6873 

i .6916 

.6959 

.7002 

55 

1.14 

66 

1.63 

35 

.7002 

.7046 

.7089 

•7133 

•7177 

.7221 

•726s! 

54 

1.17 

68 

z.6x 

36 

.7265 

.7310 

•7355 

.7400 

.7445 

.7490 

.7536, 

53 

1.20 

69 

1-59 

37 

.7536 

•7581 

.7627 

•7673 

•7720 

.7766 

.78x3 

53 

1.23 

71 

1.57 

38 

.7813 

.7860 

1 .7907 

•7954 

.8002 

.8050 

.8098 

51 

I.2S 

7a 

1-55 

39 

.8098 

.8146 

.8195 

.8243 

.8292 

.8342 

.8391| 

50 

1.28 

73 

1.53 

40 

.8391 

.8441 

.8491 

.8541 

.8591 

.8642 

.8693 

49 

X.3I 

75 

1.51 

41 

.8693 

.8744 

.8796 

.8847 

.8899 

.8952 

.9004 

48 

1.33 

77 

148 

4a 

.9004 

.9057 

.9110 

.9163 

.9217 

.9271 

.9325 

47 

1.36 


1.46 

43 

.9325 

.9380 

.9435 

4)490 

.9545 

.9601 

.9657 

46 

1.39 

TO 

1.43 

44 

.9657 

.9713 

.9770 

4)827 

.9884 

.994a 

1.0000 

45 

1.41 

8 z 

1^1 

45 

1.0000 

1.0058 

1.0117 

1.0176 

1.0235 

1.029s 

I. 03 SS 

44 

1.43 


1.00 

.83 

457 

.50 

•33 

.17 

0 



Right-hand Column read here 
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teeth in the pinion is divided by the sine of the center angle. The 
formula is: 


tan CG = 


Number of teeth to use in selecting cutter for gear = 
Number of teeth to use in selecting cutter for pinion 


NG 

NG 

cos CG 
NP 


Any pair of gears can be figured out in the same way, bearing in 
mind, when finding the center angle for the gear, to read the parts 
of a degree from the decimals at the bottom, and for the pinion, to 
read them from the top. In the example worked out, the tangent 
came in the center column so that it made no difference. If, how¬ 
ever, the tangent had been 0.3476, we read the pinion angle at the 
top, 19.17 degrees, and the gear angle at the bottom, 70.83. By 
noting that the sum of the two angles is 90 degrees, we can be sure 
we are right. See page 254 for gear-tooth cutters. 

Planing Bevel Gears 

Few bevel gears are now cut by milling except in small job shops 
or in experimental work. Bevel gear teeth are now generated by 
bevel gear planers of the Gleason or Bilgram type, with tools which 
move toward the center of the cone made by the tooth angle. This 
method automatically varies the width of the tooth and the space 
without the “setover’^ necessary when the teeth are milled. The 
following data, by courtesy of the Gleason Works, show modern 
bevel gear cutting practice. 

GLEASON STRAIGHT BEVEL GEAR SYSTEM 

The Gleason Straight Bevel Gear System provides a basis for 
designing straight bevel gears with the most desirable tooth forms 
for practical operating conditions. It was originally presented to 
the American Gear Manufacturers Association in April, 1922, by 
F. E. McMullen and T. M. Durkan of the Gleason Works, and was 
adopted by the A.G.M.A, later the same year. 

It was revised in 1940, and the revision was adopted by the 
A.G.M.A. in May, 1941. The principal purpose of the revision 
was to eliminate undercut in all cases and to increase the clearance 
at the inner ends of the teeth. 


General Features 

Ratios. —The system is designed to include all ratios in common 
use. Ratios outside the system can, of course, be designed accord¬ 
ing to the same general principles used in determining the system. 

Working Depth. —The working depth is —^ 

Clearance. —The clearance at the large end of the teeth is 

teeth up to 20 D. P. and for 20 D. P. and finer. 
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Pressure Angle. — The basic pressure angle is 14} degrees. Cer¬ 
tain advantages are generally associated with low pressure angle, 
buch as: 

(1) larger contact ratio (that is, greater arc of action) 

(2) less effect of eccentricity 

(3) smaller radial and axial thrust loads 

These advantages are obtained in ratios with sufficiently large 
numbers of teeth. In certain ratios with small numbers of teeth 
in the pinion, however, a low pressure angle, together with standard 
depths, is accompanied by undercut, which decreases the tooth 
contact and the strength. In the original system a slight amount 
of undercut was allowed. In the case of ratios where a pressure 
angle of 14} degrees would result in excessive undercut, however, 
pressure angles of 17J or 20 degrees were specified. 

In the revised system, undercut is eliminated in all cases by 
extending the range of ratios for which pressure angles of 17I and 
20 degrees are used. 

Addendums. —.Vs in the original system, long and short adden¬ 
dums have been adopted for all ratios except those with equal num¬ 
bers of teeth. A long-addendum pinion and a short-addendum gear 
have more action in excess than in approach (with pinion driving), 
have stronger pinion teeth, and can have a lower pressure angle 
without undercut. 

Face Angles 

Face angles in the original system made the apex of the face cone 
coincide with the apex of the jutch cone, as shown in Fig. 12. 
Before the revision this was always the practice in gear design. In 
the revised system, however, face angles are changed to make the 
face cone of a blank [larailel to the root cone of its mate as shown in 
Fig. 14a. This results in constant clearance along the tooth and is 



Fig. 14a. —According to the Revised System as Shown in the 
Above Axial Section, Face Cones of Blanks Arc Turned Parallel to 
the Root Cone of the Mate in Order to Eliminate Possible Fillet 
Interference at the Small Ends of the Teeth. 

done so that larger edge radii can be used on generating tools with¬ 
out fillet interference at the small ends of the teeth. It is well 
known that with a larger fillet at the base of a tooth, stress concen¬ 
tration is reduced and there is a corresponding increase in strength. 

Tooth Thicknesses. —The system is designed to provide gear and 
pinion teeth of approximately equal strength. 
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In determining tooth thickness to balance the strength of gear 
and pinion teeth, the load is taken in the position where it is carried 
entirely on one tooth. 

PROPORTIONS OF SYSTEM 
Dimensions in Inches 

The following data are for straight bevel gears with generated 
teeth, with axes at right angles, and with thirteen or more pinion 
teeth; also, for general industrial drives, both speed-decreasing and 
speed-increasing. 


Table i5fl.—WoRKiNG Depth and Whole Depth 



Large and Medium 

1 

Fine Pitches, 


Pitches, up to 20 D. P. 

20 D. P. and I incr 

Working Depth 

2.000 

TX ¥. 

2.000 

D. P. 

Whole Depth 

2.188 

D. r. 

2.250 

D. P. 


Table 156.— Pressure Angle^ 


14^ Degree Pressure 
Angle, Ratios with 27 
or More Teeth in Pinion 

i7i Degree Pressure 
Angle, Ratios 

20 Degree Pressure 
Angle, Ratios 


IS II 1 

Utois 

IJ and higher 

M to M 

n to hi 

f 1 and higher 

It to II 

ll to ^ 

1^ to tA 

II and higher 

II 1^0 tVo 


If to 

U to 


l\ to xVo 

18 to 

ll to 


ll to ^0*^5 



II to 

II to 



1 All ratios for aircraft and instrument gears. 
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Table 15^.—Gear Addendum^ for i Diametral Pitch 


Ratios 


Ratios 


Ratios 


j Ratios 




Add. 



Add. 



Add. 



Add. 









From 

To 


From 

To 


From 

To 


From 

To 


I 00 

1.00 

1.000 

I. IS 

I. 17 

0.880 

1.42 

I 45 

0 7bo 

0 

O' 

2.16 

0 640 

1 00 

1.02 

0.990 

1.17 

1.19 

0.870 

1.4s 

i. 48 

0 750 

2.16 

2.27 

0.630 

T 02 

1.03 

0.980 

1.19 

1.21 

0 8601 

i 48 

1 52 

0.740 

2 27 

2 41 

0.620 

I 03 

1.04 

0.970 

1.21 

1.23 

0.8501 

1 52 

1.561O 730 

2.41 

2.58 

0.610 

1.04 

I. os 

0.960 

I 23 

I 25 

0 840 

I 56 

I 60 0 720 

2.58 

2.78 

0.600 

1.05 

1.06 

0.950 

I.2S 

r. 27 

0.830 

T 60 

I 65 0 710 

2.78 

3.0s 

0 590 

1.06 

1.08 

0.940 

1.27 

1,29 

0 820 

I 65 

1.70 

0.700 

305 

3 41 

0.580 

1,08 

1.09 

0.930 

1.29 

1.31 

0 810 

I .701 

I 76 

0 600 

3-41 

3.94 

0.570 

1.09 

I. II 

0.920 

I.3I 

I 33 

0 800 

1 70 

I . 82 

0.680 

3-94 

4 82 

0.560 

I 11 

1.12 

0.910 

I 33 

1.36 

0.790 

1 82 

1 89,0 670 

4.82 

6.81 

0.550 

1.12 

1.14 

0.900 

1.36 

1.39 

0.780 

I 89 

I 97 0 660 

6.8i 

ao 

0.540 

I 14 

I. IS 

0.890 

1.30 

1.42 

0.770 

I 97 

2.060 650 





1 To obtain addendum, select from table value corresponding to ratio given 
by the formula: 

Ratio — Number of teeth in gear 
Number of teeth in pinion 

In case of choice, use the larger addendum 


Table 15^^.—Circular Thickness of Gear 


Pressure 

Angle 

Circular Thickness of Gear 

141° 

^ p + (0.5 X addendum of gear) " D P ~ 

171 ° 

+ (0.6 X addendum of gear) D P ^ 

20° 

+ (0.7 X addendum of gear) D P ^ ' 


Table 


-Recommended Backlash for Gears Assembled 
Ready to Run 


D.P.i 

1 

2 

3 

4 
6 

10 

20 and finer 


Backlash 
0.020 to O.OJO 
0.012 to 0.016 
0.008 to O.011 
o. 006 to o. 008 
0.004 to 0.006 
0.002 to 0.004 
0.001 to 0.003 


1 Backlash for pitches other than those listed may be obtained by inter¬ 
polation. 
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CALCULATIONS FOR STRAIGHT BEVEL GEAR DIMENSIONS 

The linear dimensions given in the tables are for i diametral 
pitch. Linear dimensions for other pitches are obtained by dividing 
by the given D. P. Angular dimensions remain the same for all 
pitches. 

To facilitate calculating the dimensions of straight bevel gears, 
formulas and calculations should be recorded on a form sheet such 
as shown in Table 15^, page 266/. The example calculated on the 
form sheet is for a pair of right-angle bevel gears, 16 X 49 com¬ 
bination, 5 D. P. 

Remarks referring to certain of the calculations by number are 
given below. Figures 12 and 14^: show, respectively, axial and 
transverse sections of a pair of bevel gears with the nomenclature 
and symbols used on the dimension sheet. 

The following numbers refer to calculations on the form sheet: 

4. Face Width.— It is strongly recommended that the face 
width of bevel gears should not exceed one-third of the cone dis¬ 
tance. In best design, the ratio of face width to cone distance will 
be from 0.25 to 0.3. Increasing the face width over recommended 
proportions by adding to the small ends of the teeth theoretically 
adds strength and durability, but at a rapidly diminishing rate. 
Such practice results in manufacturing difficulties by requiring 
tools of less point width and decreases possible fillet radii. It may 
even increase the danger of breakage and wear if the load becomes 
concentrated on the small ends of the teeth. 

6. Whole Depth. —It is recommended that gears of 10 D. P. and 
coarser be roughed 0.005 irich deeper than the calculated whole 
depth so that finishing tools will not cut on their ends. The cal¬ 
culated whole depth is, of cdhrse, used in subsequent calculations. 

17. Gage Angle. —The “face angle gage” frequently employed 
in checking cone distance in generating machines requires setting 
the machine to the conventional face angle which corresponds to 
the addendum at the outer ends of teeth. The old, conventional 
face angle is therefore recorded as the “gage angle” for this pur¬ 
pose. If there are any who prefer to continue the previous prac¬ 
tice in designing bevel gear blanks, this gage angle may be used as 
the face angle. 

22. BacMash. —Table 15^ gives the backlash when the gear and 
pinion are finished and assembled ready to run. Because of manu¬ 
facturing tolerances and changes caused by heat treatment it may 
be necessary in cutting the teeth to allow for more than one-half 
the tabular value in order to obtain the desired backlash in assembly. 

25. Tooth Angle. —The tooth angle is a machine setting in 
Gleason two-tool straight bevel gear generators. As shown in 
Fig. 14&, it is the angle at the machine center between the line to 
the center of the toofli and the line to the point of the tool. 

26. Limit Point Width. —The limit point width is the point 
width of a straight-sided V tool of given pressure angle which will 
^^ouch both sides and the bottom of a finished tooth space at the 
small end. The point width of the tools used must, of course, not 
be larger than the limit point width. 






Table 15^.—Straight Bevel Gear Dimensions.— Continued 
(Dimensions in Inches) 
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ioTE.— The first letters or symbols in both Pinion and Gear columns represent the dimensions in the first column for Pinion 
rear, i . e ., Ao = cone distance on both pinion and gear, which are the same. In the same way yr and T/r = gage angle for 
i and for its mating gear. 
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Machine axis 



Fig. 146.—The Tooth Angle Is the Angle at the Machine Center 
between the Line to the Center of the Tooth and the Line to the 
Point of the Tool. 


Tooth fillet 



Fig. 14c. —Bevel Gear Nomenclature and Symbols. 


FORM SHEET DATA FOR ANGULAR STRAIGHT BEVEL 
GEARS 

Angular bevel gears are bevel gears whose shafts operate at angles 
other than 90 degrees. The formulas in Table isg are not directly 
applicable in calculating the dimensions of angular gears. There¬ 
fore, a summary of procedure for angular gears is outlined below in 
order of calculation, with the item numbers referring to the items 
in Table 15^. 

Using item numbers i, 2, 3, 4, which are given, calculate items 5, 
6, 8, 10, 13 from the formulas given. 

14. Htch Angles. —Case I —Shaft Angle (2) less than 90 degrees. 
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tan r 


sin S 

^ + cos S 


tan 7 


sin S 

- + cos 2 
n 


Case II—Shaft Angle (S) greater than go degrees. The formulas 
given below will apply only if the pitch angle r is less than 90 degrees. 
If r is greater than 90 degrees (internal gear) calculations should be 
referred to the Gleason Works. 


tan r = 

tan 7 = 


sin (i 80° - 'L) 

^ - cos (180° ~ Z) 

sin (180° - 7^ _ 

~ — cos (180° — S) 
n 


In either case above 


S (shaft angle) = F -j- 7 

9. . . . Formulas same as given. 

II. Determination of the tooth proportions necessitates comput¬ 
ing the equivalent 90° bevel gear ratio. 

Equivalent go® ratio = tan Fso 

«9o ^ n cos r 

The value so computed should be used as the ratio when deter¬ 
mining the gear addendum for i diametral pitch in Table 15c. 

II, 12. . . . Formulas same as given. (See explanation in pre¬ 
ceding paragraph for item 11.) 

15, 16, 17, 18, 19. . . . Formulas same as given. 

20. Cone Center to Crown 


Pinion — vio cos 7 — cip sin 7 
Gear = Ao cos F — aa sin F 


7. Pressure Angle. —The pressure angle for angular gears should 
not be taken from Table i5/». The calculated minimum pressure 
angle ( 4 >') is given by the formula: 


. sin = 


V 


bp 

A„ tan 7 


The selected pressure angle ^ in item 7 should be made equal to 
or greater than Use either of the standard angles—14 degrees 
30 minutes, 17 degrees 30 minutes, or 20 degrees. When is 
greater than 20 degrees, the job requires special consideration. 

21. . . . Formula same as given. However, the value of K in 
Table 15^ must be determined using the number of teeth in the 
equivalent 90 degree bevel pinion and the equivalent 90 degree 
bevel ratio. The latter is computed above (item ii). 
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Number of teeth in equivalent 90 degree bevel pinion 

n sin Too 

W90 = - 

cos y 

(tan Tio — equivalent 90° ratio) 

22, 23, 24, 25, 26. . . . Formulas same as given. 

Angular gears require special ratio of roll gears for generating on 
the Gleason generators. The decimal ratio for the ratio gears is 
found by the following formula: 

Ao P 

Decimal ratio of gears = —^— 

37.5 

The work roll is found in the usual manner from the decimal ratio. 

THE ROBBING METHOD OF CUTTING GEAR TEETH^ 

Robbing is a machine process for generating gear teeth. All 
methods of cutting gear teeth fall into either one of two general 
classes—the forming method or the generating method. In the 
forming method, the tool is given a shape matching that of the 


Oirecfion of 
hob feed 


Spur blank 



Index worm and gear 

Pulley 

Fig. 15, —Gearing in Robbing Machine 


desired tooth space; in the generating method, the tool has a shape 
conjugate to the form of the tooth when rolled in contact with it and 
frequently can be substantially straight, as in bobbing. 

The cutter in the bobbing process is called a “hob.’’ The nature 
of a hob may be best understood by comparing it with a worm as 
shown in Fig. 15. In making a hob, a cylindrical blank is first 
turned and bored, then the helical thread resembling a worm thread 
is milled; in this state the hob is actually a worm. The cutting 
teeth are produced by milling gashes across the thread, either paral¬ 
lel to the hob axis or at right angles to the thread. The sides and 
tops of the individual hob teeth are relieved to provide cutting 

1 By Granger Davenport, Assistant Engineer, Gould and Eberhardt, 
Irvin^on, N.J. 
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clearances similar to milling cutters. After the hardening opera¬ 
tion, the hole, proof diameters, and the sides and tops of the teeth 
are all ground. The hob is sharpened by grinding the gashes. 

A hob and blank being cut may be likened to a worm and worm 
gear in mesh as in Fig. 15. Robbing is a continuous milling process 
in which the hob and blank both rotate in timed relation to each 
other. In addition to the rotary motion, the hob and gear blank 
are fed relatively to each other to produce the spur, helical, or worm 
gear. In the bobbing process the cutting action is continuous in 
one direction until the blank is finished. Modern bobbing machines 
have a high degree of accuracy built in that can be maintained over 
a long period of years by adjusting means incorporated therein. 
Robbing is, therefore, widely used for cutting precision gears 
at a high rate of production. 



The hob for spur or helical gears is provided with a tooth form 
identical with that of an involute helical gear having only one tooth. 
This tooth form is theoretically curved to mesh properly with the 
curved involutes generated on the blank. Rowever, the hob form 
so nearly approaches a straight-line rack-tooth shape that the 
difference is extremely slight. This is a fundamental advantage 
of the bobbing process, because hob teeth being straight-sided, or 
nearly so, are readily made to a very high degree of accuracy and 
are easily measured, as compared to curved cutter teeth used in 
some methods of gear cutting. 

Sections through a hob and gear blank at right angles to a pair of 
teeth in contact are represented in Fig. 16. The teeth in the hob 
section actually form the path of an ellipse, but, practically speaking, 
they are equivalent to a rack, because the degree of curvature of the 
ellipse within the arc of tooth contact is almost nil. 

Figure 16 also illustrates how successive hob teeth coming into 
contact with each tooth in the blank, generate gear teeth of involute 
form. Robbing is not limited to the involute form, although for 
spur and helical gears this form is used almost exclusively at the 
present time. In the involute system a straight-sided rack will 
mesh properly with a gear or pinion regardless of the number of 
teeth. Consequently, one hob can be used to generate gears of any 
number of teeth, all of which will mesh properly with each other 
and with a rack. 
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Angular Setting of the Hob 

The axis of the hob for cutting spur gears is tilted according to the 
hob thread angle to have the hob teeth in line with the teeth of 
the blank, as in Fig. 17. In cutting helical gears, the hob is tilted 
an additional amount so that the teeth coincide with the inclination 
of the teeth being produced on the blank, also illustrated in Fig. 17. 
In this case the angle of tilt equals the helix angle of the gear minus 
the thread angle of the hob, when both are of the same hand. 
When they are of opposite hands, the angle of tilt is the sum of 
the two angles. 

A slight variation in setting the hob angle of tilt affects neither 
the tooth form nor the helix angle. An angular error of as much as 
several minutes can be tolerated with no noticeable effect on the 
product other than slightly thinner teeth and increased backlash. 
This is an inherent advantage of the bobbing method. 

The Gearing in a Hobbing Machine 

The arrangement of a hobbing machine may be readily under¬ 
stood by referring to the simplified gearing diagram shown in Fig. 



Spur gear 
R.H.Hob ^^0 



R. H. Helical gear ^ 
For R. H. Hob, or - ^ 
For L H. Hob, 0 = a +0 


L.H. Helical gear 

ForLH.Hob, 

ForR.HHob, 


Fig. 17. —Angular Setting for Hobbing 


15. The driving pulley uniformly rotates the blank through a 
master dividing worm and gear, commonly termed the ‘‘index’’ 
worm and gear. The four bevel gears connected to the same pulley 
shaft rotate the hob at a definite relative speed. Thus the hob and 
blank are synchronized through gearing. As the hob is fed down¬ 
ward, parallel to the axis of the blank, by a feed screw (not shown), 
one bevel gear slides along the vertical splined shaft. 

Ordinarfly, a machine simplified to the extent shown is obviously 
impractical unless limited to one number of teeth. By introducing 
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change gears in the drive to the index worm, the relative ratio of 
rotation between the blank and hob may be changed to cut any 
number of teeth desired. To cut spur and helical gears of various 
pitches, additional mechanism must be introduced in the hob drive 
to permit tilting to the required angle. A feed screw and related 
mechanism driven from the index worm shaft feed the hob at a 
definite rate with respect to the rotation of the blank. Suitable 
change gearing is employed to vary the feed. 

The hob speed is changed to suit the cutting conditions by vary¬ 
ing the speed of the main drive shaft. This also is accomplished 
by change gears, which, in this case, alter the speed of the entire 
mechanism proportionately. For instance, if the speed of the hob 
is doubled, it is obvious from Fig. 15 that the speeds of the blank 
and feed are increased to the same extent and the production is 
doubled. 


Robbing Spur Gears 

The first step in the preparation for cutting a gear is to mount a 
fixture on the work table or spindle. Second, a blank is accurately 
clamped to the fixture and indicated for running true. The hob is 
then clamped upon its arbor and tilted to the correct angle. Next, 
the proper change gears are selected and placed upon the machine 
according to the number of teeth to be cut and for the hob speed and 
feed required. 

The ratio of the index change gears depends upon the total ratio 
of the index and cutter gear trains. For example, if the machine 

70 jT ' 

ratio is 30, then the index formula is in which N equals the 

number to be cut and T equals the number of threads in the hob. 
Usually a chart is provided showing index change-gear combinations 
for a selected range of teeth. In other cases, the formula is applied 
by substituting values for N and T, and splitting the result into two 
fractions suitable for change gears. The calculations must be exact. 

Next the feed change gears are selected from the chart or cal¬ 
culated by the feed formula. These change gears may be approxi¬ 
mate. In a similar manner, the hob-speed change gears are 
selected from the chart. 

The machine is then started and the feed engaged. After the hob 
has fed across the face of the gear, the cutting is completed and the 
gear is removed or the hob is returned to its initial position for a 
finishing cut. 

Robbing Helical Gears—^Non-Differential Method 

In bobbing helical gears non-diflerentially, the same fundamental 
type of machine described for spur gears is used. 

In this method the index and feed change gearing are so calculated 
that the blank and cutter are advanced or retarded slightly with 
respect to each other to produce the helix angle. The increase or 
decrease in relative rotation must be definitely correlated with the 
feed selected. Consequently, in both the index and feed formulas 
a factor, in the form of a constant, is introduced. The calculation 
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of this constant may be very approximate, as long as the same value 
is used in both index and feed formulas. The index change gearing 
must be exact, as in spur-gear cutting, whereas the feed change-gear 
calculations should be carried to the fourth or fifth decimal place 
depending upon how close it is desired to approximate the theo¬ 
retical helix angle. It is unnecessary to describe this method fur¬ 
ther because instructions are furnished with each bobbing machine 
and should be consulted for details. 



Fig. 1 8 . —Diagram of Robbing Machine Layout 


Hobbing Helical Gears—^Differential Method 

In the differential method, additional mechanism is required to 
obtain the increase or decrease of the relative rotation of the hob 
and blank to produce the helix angle. This mechanism usually 
comprises a bevel-gear type of differential connected to affect the 
rotation of the blank and correlated to the feed motion through an 
extra set of change gears for the lead. The differential functions 
by imparting a supplemental motion to the existing direct drive 
to the work table. 

A schematic diagram of a hobbing machine, including a differen¬ 
tial and lead gears, is shown in Fig. i8. The differential and lead 
gears are shown in dotted lines to indicate the mechanism added to a 
non-differential machine for cutting helical gears by the differential 
method. The power originating at the motor passes through speed 
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change gears and branches to the hob and work spindles. The 
differential and index change gears are located in the branch drive 
to the work spindle. A branch to the feed screw is taken off 
between the index change gears and work spindle. The feed change 
gears are provided in this branch line, and drive both the feed screw 
and the differential. The lead change gears are located in the drive 
to the differential. 

In the differential method the index change gears are selected 
from a chart, the same as for spur gears. The feed change gears 
are also selected directly from a chart. The rate of feed can be 
changed at will without affecting the index or lead gearing, resulting 
in a greater flexibility in this respect than the non-differential 
method. The lead change gears connecting the feed to the differ¬ 
ential determine the helix angle. Therefore, the lead change-gear 
calculations must be correct to the same degree of accuracy as for 
feed change gears in non-differential bobbing in order to approximate 
the theoretical helix angle. 

Differential versus Non-Differential Robbing 

When a helical gear is cut differentially and a second cut is 
required, it is merely necessary to disconnect the feed, move the 
cutter slide to the initial position, and proceed with the recut. In 
other words, the relation of the hob to the teeth of the blank being 
cut is always automatically maintained, as when recutting a spur 
gear. 

On the other hand, if a gear has been cut non-differentially and 
the feed is disconnected for the purpose of returning the slide to the 
initial position, the lead relation of the hob teeth to the blank 
teeth is destroyed, making it necessary to reset the cutter and blank 
very carefully to have the second cut clean up evenly on both sides. 
If there is a reasonable amount of stock left on the teeth for the 
finishing cut, this operation is comparatively simple. But if the 
finishing cut is to remove very little stock, the proper setting of 
the cutter becomes quite difficult. Various devices are employed 
to aid in resetting the hob for the second cut on non-differential 
machines. One is a clutch arranged to temporarily disengage the 
feed-screw drive until the hob teeth are seen to track exactly in 
the gear-tooth spaces. Another comprises a clutch in the index- 
worm drive and a set of three pointers and zero marks, enabling the 
work table, cutter spindle, and cutter slide, to be returned to their 
initial zero positions for the recut. However, none of these methods 
is as reliable as the differential method for very light recuts. Thus, 
it is evident that while a differential complicates the mechanism, it 
is valuable if helical gears are to be hobbed in more than one cut. 

There are still other advantages of the differential method. For 
instance, if mating gears are to be cut on the same machine or with 
the same lead change gearing, a considerable departure from the 
theoretical helix angle may be tolerated. Under these circum¬ 
stances the change-gear calculations need not be carried out to the 
high degree of accuracy required for non-differential bobbing of 
iielical gears. Rowever, if pinion and gear are cut on different 
machines with unlike lead formulas, these approximate calculations 
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will not suffice, and the same accuracy is required as for non-differ¬ 
ential feed gear calculations. 

The non-differential machine is simpler and less expensive than 
one equipped with a differential. This is an important considera¬ 
tion for mass-production shops. 

Other advantages of the non-differential method are for certain 
combinations of pitch and helix angle beyond the range of a differ¬ 
ential machine and for helical gears with large prime numbers of 
teeth. In special cases, it is possible to cut non-differentially and to 
engage the differential only while returning the slide for the recut, 
thus maintaining the lead relation. 

In general, to obtain the benefits of both differential and non¬ 
differential bobbing, the machine should be equipped with a differ¬ 
ential, which may be locked or disengaged when not needed. 

Hobs for Spur and Helical Gears 

The same hob used for spur gears is suitable for cutting helic^ 
gears of either hand and of any helix angle. If the helix angle is 
more than 10 or 12 degrees and the quantity of helical gears to be 
cut is large, it will be found advantageous to use two hobs, the hand 
of each corresponding to the hand of the gear being cut. When 
the helix angle is more than 20 or 25 degrees, it is preferable to taper 
the hob to relieve the load on the end teeth. 

For small lots, the same hob is used for both roughing and 
finishing. For medium or large lots, it is more economical to rough 
with an unground or rough-ground hob and to finish with a ground 
hob. A ground hob is one having the sides and tops of its teeth 
ground after hardening. Under no circumstances should unground 
hobs be used for finishing either spur or helical gears, because the 
inaccuracies resulting from hob distortion in heat-treatment will 
seriously affect the tooth forms of the gears. 

Unless otherwise specified, finishing hobs are given a slight modi¬ 
fication in form for producing tip relief on the gear teeth. This 
eases the gears into mesh and helps to quiet the gears during their 
initial running-in period. 

One of the most important factors in the use of hobs is proper 
sharpening. In sharpening, it is essential to mount the hobs on 
arbors running exactly true, to maintain exact spacing of the gashes, 
and to maintain the faces of the teeth exactly radial or to the original 
hook angle. If hobs are properly sharpened, their initial accuracy 
of lead and form will remain throughout their life. 

In mounting hobs on the bobbing machine, they must run true 
within 0.00025 inch (a quarter of a thousandth) indicator reading 
at each end, otherwise inaccurate tooth forms and noisy gears will 
result. 

The cutting action of a hob is distributed over many teeth, pro¬ 
ducing a large number of tooth inches before sharpening is required. 
When a hob shows signs of becoming dull, it should be shifted 
axially about one linear pitch to utilize sharp teeth in a new zone; 
this should be repeated until the entire hob is dull, before sharpen¬ 
ing. The special tapered-end hobs for high-angle helical gears 



GEAR ROBBING 


273 


cannot be shifted in this manner, hence they are made much shorter 
than standard spur-gear hobs and require more frequent sharp>ening. 

Multiple-thread hobs should be used for roughing to save time. 
The cutting action of these roughing hobs is improved by having the 
teeth undercut or hooked, instead of radially gashed. 

Shear-type roughing hobs are particularly advantageous in 
cutting the higher carbon steels at fast feeds and speeds. The 
shearing action is obtained by making the hand of gash opposite 
to the hand of the thread, and hooking the teeth. In this type of 
hob the lead is modified to distribute the cutting action among more 
cutting teeth; this, however, restricts the range of teeth that may 
be cut by any one shear-cut hob. 

Speeds and Feeds for Spur Gears 

The speeds for cast iron vary from 40 to 100 feet per minute 
usually being about 80. For steel, the speed varies from 60 to 
150 feet per minute, averaging approximately 100. 

The feed per revolution of blank is ordinarily 0.030 to 0.050 inch 
for a single-cut job. For roughing, it ranges from 0.060 to 0.200 
inch with special roughing hobs. For double-thread roughing 
hobs, the feed is reduced about one-third, and the index gearing is 
arranged for half the number of teeth, almost doubling the pro¬ 
duction. In finishing after roughing cuts, the feed ranges from 
0.040 to 0.060 inch according to the finish desired. 

Speeds and Feeds for Helical Gears 

The speeds for bobbing helical gears are the same as for spur 
gears. The feeds per revolution of blank given for spur gears 
should be reduced as the helix angle increases, to maintain the 
same quality of finish. In selecting a feed for a helical gear, the 
appropriate spur-gear feed is multiplied by the cosine of the helix 
angle. 

Coolant 

Sulphurized mineral oil in combination with lard oil is preferable 
for bobbing steel to attain maximum cutter life, improved finish, 
equalized temperature, and maximum production. Soluble oil in 
water in sometimes used, but this is better suited for bronze and 
brass. No coolant is necessary for cast iron. 

Robbing Worm Gears—^Infeed Method 

Worm gears may be produced by the infeed method. The hob 
is fed in a radial direction toward the center of the blank instead of 
across the face of the blank as in spur-gear bobbing. When the 
proper center distance has been reached, as indicated by a scale 
and vernier on the machine, the feed is disengaged and the blank 
permitted to rotate at least one extra revolution until the hob stops 
cutting and the operation is completed. 

The index change gears for the infeed method are the same as for 
5:pur gears. The feed change gears may be approximate and are 
selected from a chart. 



274 GEARING 

The hob is usually set at exactly right angles to the axis of the 
worm-gear blank. Sometimes the hob is tilted angularly when 
either over- or undersized, to compensate for the slight change in 
thread angle. In any case, the angular setting of the hob arbor 
must be accurate if cross-cornered tooth contact is to be avoided; 
this is an important difference in set-up as compared to spur or 
helical gear bobbing. 

An infeed hob should be an exact duplicate in tooth form and 
lead of the worm that is to mesh with the gear, except that the tooth 
height is increased for clearance and the tooth thickness increased 
for the necessary backlash. 

Infeeding is only suitable when the thread angle of the worm does 
not exceed 6 or 7 degrees. On larger angles, infeeding destroys part 
of the useful tooth surfaces, and the tangential method is therefore 
preferable. 


Hobbing Worm Gears—Tangential Method 

In hobbing worm gears tangentially, the direction of feed is along 
a line tangent to the blank and parallel with the axis of the hob. In 
this method the hob is set at the exact center distance and to one 
side of the center line to clear the blank entirely. The gear teeth 
are first roughed out by the leading end of the hob and finish cut as 
the hob passes through the blank. The index change gears and 
angular setting of the hob are the same as in infeeding. 

Feeding the hob tangentially requires a supplemental rotative 
motion to the blank to synchronize the relation between the teeth 
of the hob and the blank. This is accomplished by a differential and 
lead change gearing calculated from the lead of the job. These 
calculations must be very accurate. 

The tangential method is inherently much slower than the 
infeed method; hence, it is common practice to precede the tangen¬ 
tial cut by a roughing infeed cut to save time. For this combined 
cutting, separate hobs may be used, mounted on the same arbor, or 
one hob may serve both operations. 

Hobs for Worm Gears 

Infeed hobs are cylindrical in shape and in general appearance 
resemble spur-gear hobs. 

Hobs for tangential feeding usually have the teeth at the entering 
end tapered in width and height to divide the load among several 
teeth and ease the cutting action. 

Roughing hobs and the roughing teeth on finishing hobs may be 
unground, but the finishing teeth or tooth should always be ground 
if satisfactory tooth forms are to be produced. 

Hobs of small diameters and coarse pitches are made with solid 
shanks to avoid small cutter arbors. This condition frequently 
occurs because, from a design standpoint, worms are made rela¬ 
tively small in diameter. Small worm diameters result in steep 
thread angles and consequently high worm and gear efficiency. 

Hy tools tangentially fed provide a means to cut a single gear or 
limited quantities without an expensive hob. The fly tool consists 
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of a single finishing hob tooth clamped in the cutter arbor and fed 
across the blank like a tangential hob but at a very much reduced 
rate of feed. 

The tooth forms of worm-gear hobs and fly tools may be involute 
or straight sided in an axial or normal plane, or they may be given 
special shapes conjugate to straight-sided milling cutters or grinding 
wheels of definite diameters. The choice of form depends upon the 
equipment available for making the worms. 

The successful operation of a worm and gear depends a great deal 
upon the care exercised in the shop to produce good contact between 
the worm and worm-gear teeth. Proper tooth contact is dependent 
particularly upon the precision of the worm, also upon the condition 
and setup of the bobbing machine and the accuracy of the worm- 
gear hob. The precautions in handling hobs, as outlined under spur 
and helical gears, are equally important for worm gears. 


Other Applications of the Robbing Method 

Robbing is by no means limited to the three general types of 
gears mentioned. It is also widely used for double helical or 
herringbone gears, helical gears for operation on crossed axes (some¬ 
times termed “spiral gears’0> pump rotors, single- and multiple- 
threaded worms, sprockets, ratchet gears, straight-sided and 
involute splines, etc. Special worms and gears, such as the Rindley, 
hour-glass, and Cone types, are also manufactured on bobbing 
machines. 

Table 16.—Accuracy Required op Change-Gear Combinations 
ON Robbing Machines 


Types of Gears 
Being Hobbed 

■ - 



Change Gearing 


Index 

Feed 

Lead 

Speed 

Spur gears. 

Exact, 

chart 

from 

Approximate, 
from chart 


Approximate, 
from chart 

Helical gears cut 
with differen¬ 
tial. 

Exact, 

from 

Approximate, 

Accurate as 

Approximate, 

chart 


from chart 

possible ; 
♦approxi¬ 
mate 

from chart 

Helical gears cut 
non-differen¬ 
tially. 

Exact 


Accurate as 
possible 


Approximate, 
from chart 

Worm gears cut 
with infeed. 

Exact, 

chart 

from 

Approximate, 
from chart 


Approximate, 
from chart 

Worm gears cut 

Exact, 

some- 

Approximate, 
from chart 

Accurate as 

Approximate, 

with tangen¬ 
tial feed. 

times 

chart 

from 

possible 

from chart 


* Permissible only when same lead gearing is used for cutting both pinion 
and gear. 


The Barber-Colman Company, which specializes in fine-pitch 
hobs, suggests the following: 
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Table i6a.—B arber-Colman Standard Fine Pitch Hob Sizes 
(Dimensions in Inches) 


D. P. 

Bore 1 

Diameter 

Length 

30 to 54 

0.2362 (6 mm.) 

f 

h 


0.315 (8 mm.) 

S—i— I 

i 


0.3937 (10 mm.) 

I 

1 


0.500 

li 

i| 


0.750 

I 8- 

15 

55 to 84 

0.2362 (6 mm.) 

5 

8 

1 

2 


0.315 (8 mm.) 

J- 1 -1 

2 


0-3937 (10 mm.) 

I 

i 


0.500 

li 

if 


0.750 

if 

if 

85 to 129 

0.2362 (6 mm.) 

t 

i 


' 0.315 (8 mm.) 

4 8 I 

i 


0.3937 (10 mm.) 

I 

1 

3 


0.500 

if 

f 


0.750 

ij 

i 

130 to 200 

0.2362 (6 mm.) 

5 

8 

h 


0.315 (8 mm.) 

^ 2 T 

4 8 I 

1 

2 


0.3937 (10 mm.) 

I 

i 


0.500 

if 

i 


0.750 

if 

8 


FINE PITCH HOBS 
Size 

In manufacturing fine pitch hobs, size characteristics are deter¬ 
mined by the type and size of the machine on which they are to be 
used. Diameter and face are held as small as possible so that the 
number of teeth in the hob may be consistent with manufacturing 
operations required, and at the same time give desired finish on 
profile. If a hob is too large in diameter or too wide in cutting face 
the accuracy of the form cannot be maintained across the entire 
width because the forming tool or the grinding wheel would have to 
be reconditioned before this distance is completed. For example, 
there are approximately 230 teeth on a 200 D.P., J-inch-diameter, 
i-inch-long ground hob. If the diameter or length were increased, 
it would add to difficulty in manufacturing. 

The fact that the pitch on these hobs is so fine actually provides 
a multiplicity of settings. Each setting requires only a slight shift 
in the position of the hob, depending on pitch and number of teeth 
in the work. There is, therefore, no necessity for a wide face hob. 
Unground hobs should not exceed approximately 300 cutting teeth 
ground hobs, 250 teeth, allowing for fewer gashes. 
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Ground hobs are furnished up to 200 D. P. depending on the 
form; unground hobs up to 250 D. P. 

Importance of Frequent Hob Shifting 

Hobs should be shifted frequently and in short amounts in order 
to obtain the best possible cutting conditions and longest hob life. 
After a hob has been used in one position for any length of time, 
the operator can tell how many teeth have been in use and how 
much wear each one shows. From the amount of wear, the oper¬ 
ator can calculate the distance the hob should be shifted to get 
maximum life and uniform wear from all teeth. Many shops 
establish a maximum amount of wear to be permitted, and when 
the hob reaches this point it should be shifted to another position. 
A right hand hob, top coming^ should always be shifted to the right; 
a left hand hob to the left. 

All teeth used will not show the same amount of wear. Select a 
tooth around the lead which shows maximum wear. Consider 
this wear in terms of amount of stock which has to be removed to 
restore the hob to a good keen cutting edge. This should not 
exceed 0.003 inch to 0.006 inch, depending on the pitch and accuracy 
of profile. Shift the hob far enough so that the tooth with maxi¬ 
mum wear will clear the cut. It is not necessary to shift so far 
that all teeth used will clear in the new position; those showing 
minimum wear may be used again cutting in a different position. 

To set the hob properly be sure that either one hob tooth or one 
tooth space is centered on the center line of the gear blank. This 
position will produce symmetrical generating flats, and is usually 




Hob Hob 

accomplished by trial moving the hob endwise until a symmetrical 
form has been obtained, or with the aid of a gage. After this posi¬ 
tion has been obtained the hob should be shifted one full circular 
pitch each time. This is important and should be carefully observed 
if good pinions are to be obtained. 
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Table i6>.—Small Diameter Gear Hob Limit Chart 



1 30 to so Pitch 1 SI Pitch and Finer 

Hob Runout 





Face within 

Class A 


0.0001 

0.0001 


Class B 


0.0002 

0.0002 


Unground 


0.0003 

0.0002 

O.D. within 

Class A 


0.0001 

0.0001 


Class B 


0.0002 

0.0002 


Unground 


0.0004 

0.0002 

Runout of O.D. 

Class A 


0.0007 

0 0005 


Class B 


0 0007 

0.0005 


Unground 


0 0015 

0.0010 

Sharpening 





Indexing flute to flute 

Class A 


0.001 

0.0010 


Class B 


0 001 

0.0010 


Unground 


0.0017 

0.0017 

Accumulated error in 

Class A 


0.002 

o.oois 

one revolution must 

Class B 


0.0025 

0.002 

not exceed 

U nground 


0.040 

0.003 

Radialism for depth 

Class A 


0.0003 

0.0003 

of form 

Class B 


0.0005 

0.0005 


Unground 


0.001 

0.001 

Thread 





Lead variation in one 

Class A 


0 0003 

0.0003 

complete turn must 

Class B 


0 0004 

0.0003 

not exceed 

Unground 


0.001 

0.0007 

Tooth to tooth 

Class A 


0.0002 

0.0002 


Class B 


0.0002 

0.0002 


Unground 


0.0005 

0.0004 

Three turns 

Class A 


o.obos 

0.0005 


Class B 


0.0007 

0 0005 


Unground 


0.001 

0 001 

Tooth Profile or Pressure Angle I 




Must be symmetrical 

Class A 


0.0002 

0.0003 

within (plus or 

Class B 


0.0003 

0.0003 

minus) 

U nground 


0.0006 

0.0006 

Straight portion with- 

Class A 


0 0002 

0.0002 

in (plus or minus) 

Class B 


0.0002 

0.00C2 


Unground 


0.0006 

0.0005 

Start of approach 

Class A 


0.002 


within (plus or 

Class B 


0.003 


minus) 

U nground 


0.004 


Symm. of approach Class A 


0.002 


within (plus or 

Class B 


0.002s 


minus) 

Unground 


0.004 


Tooth thickness 

Class A 


— 0.001 

— 0.0005 


Class B 


— 0.001 

— 0.0005 


Unground 


— 0.001 

— 0.000s 

Hole 

Class A 

-1-0.0002 

— 0.0000 -1-0.0002 

— 0.0000 


Class B 

4-0.0002 

— 0.0000 4-0.0002 

— 0.0000 


Unground 

4-0.0003 

— 0.0000 4-0.0003 

— 0.0000 
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Table Gear Tooth Parts 

Fine Pitch Series 

(A. G. M. A. recommended practice) 


Diametral 

Pitch 

Circular 

Pitch 

Circular 

Thickness 

Adden¬ 

dum 

Deden- 

dum 

Working 

Depth 

Whole 

Depth 

30 

0.10472 

0.05236 

0.0333 

0.0420 

0.0667 

0.0753 

31 

0.10134 

0.05067 

0.0323 

0.0407 

0.064s 

0.0730 

32 

0.09818 

0.04909 

0.0313 

0.0395 

0.062s 

0.0708 

33 

0.09520 

0.04760 

0.0303 

0.0384 

0.0606 

0.0687 

34 

0.09240 

0.04620 

0.0294 

0.0373 

0.0588 

0.0667 

35 

0.08976 

0.04488 

0.0286 

0.0363 

0.0571 

0.0649 

36 

0.08727 

0.04363 

0 0278 

0.0353 

0.0556 

0.0631 

37 

0.08491 

0.0424s 

0.0270 

0.0344 

0.0541 

0.0615 

38 

0.08267 

0.04134 

0.0263 

0.0336 

0 0526 

0.0599 

39 

0.080SS 

0.04028 

0.0256 

0.0328 

0.0513 

0.0584 

40 

0.07854 

0.03927 

0.0250 

0.0320 

0.0500 

0.0570 

41 

0.07662 

0.03831 

0.0244 

0.0313 

0.0488 

0.0557 

42 

0.07480 

0.03740 

0.0238 

0.0306 

0.0476 

0.0544 

43 

0.07306 

0.03653 

0.0233 

0.0299 

0.0465 

0.0532 

44 

0.07140 

0.03570 

0.0227 

0.0293 1 

0.04SS 

0.0520 

45 

0.06981 

0.03491 

0.0222 

0.0287 

0.0444 

O.OS09 

46 

0.06830 

0.03415 

0.0217 

0.0281 

0.0435 

0.0498 

47 

0.06684 

0.03342 

0 0213 

0.0275 

0.0426 

0.0488 

48 

0.06545 

0.03272 

0.0208 

0.0270 

0.0417 

0.0478 

49 

0.06411 

0.03206 

0 0204 

0.026s 

0.0408 

0.0469 

SO 

0.06283 

0.03142 

0 0200 

0.0260 

0.0400 

0.0460 

51 

0.06160 

0.03080 

0 0196 

0.0255 

0.0392 

0.0451 

52 

0.0604 2 

0.03021 

0.0192 

0.0251 

0.038s 

0.0443 

53 

0.05928 

0.02964 

0 0189 

0.0246 

0,0377 

0.0435 

54 

0.05818 

0.02909 

0.018s 

0.0242 

0.0370 

0.0427 

55 

0.05712 

0.02856 

0.0182 

0.0238 

0.0364 

0.0420 

56 

0.05610 

0.0280s 

0.0179 

0.0234 

0 0357 

0.0413 

57 

0.05512 

0.02756 

0.0175 

0.0231 

0.0351 

0.0406 

58 

0.05417 

0.02708 

0.0172 

0.0227 

0.034s 

0.0399 

59 

0.0532s 

0.02662 

0.0169 

0.0223 

0.0339 

0.0393 

60 

0.05236 

0.02618 

0.0167 

0.0220 

0.0333 

0.0387 

61 

0.05150 

0.0257s 

0.0164 

0.0217 

0.0328 

0.0381 

62 

0.05067 

0 02534 

0.0161 

0.0214 

0.0323 

0.0375 

63 

0.04987 

0.02493 

0,0159 

0.0210 

0.0317 

0.0369 

64 

0.04909 

0.02454 

0.0156 

0.0208 

0.0313 

0.0364 

6S 

0.04833 

0.02417 

0 . 0 IS 4 

0.0205 

0.0308 

0.0358 

66 

0.04760 

0.02380 

0.0152 

0.0202 

0.0303 

0.0353 

67 

0.04689 

0.02344 

0.0149 

0.0199 

0.0299 

0.0348 

68 

0.04620 

0.02310 

0.0147 

0.0196 

0.0294 

0,0,344 

69 

0.04553 

0.02277 

0.014s 

0.0194 

0.0290 

0.0339 

70 

0,04488 

0.02244 

0,0143 

O.OI9I 

0.0286 

0.0334 

71 

1 0.0442s 

0.02212 

0.0141 

0.0189 

0.0282 

0.0330 

72 

0.04363 

0.02182 

0.0139 

0.0187 

0.0278 

0.0326 

73 

0.04304 

0.02152 

0.0137 

0.0184 

0.0274 

0.0321 

74 

0.0424s 

0.02123 

0.013s 

0.0182 

0.0270 

0.0317 
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Table j 6 c . —Gear Tooth Parts.— Continued 
Fine Pitch Series 

(A. G. M. a. recommended practice) 


Diametral 

Pitch 

Circular 

Pitch 

Circular 

Thickness 

Adden¬ 

dum 

Deden- 

dum 

Working 

Depth 

Whole 

Depth 

75 

0.04189 

0.02094 

0.0133 

0.0180 

0.0267 

0.0313 

76 

0.04134 

0.02067 

0.0132 

0.0178 

0.0263 

0.0309 

77 

0.04080 

0.02040 

0.0130 

0.0176 

0.0260 

0.0306 

78 

0.04028 

0.02014 

0.0128 

0.0174 

0.0256 

0.0302 

79 

0.03977 

0.01988 

0.0127 

0.0172 

0.0253 

0.0298 

80 

0.03927 

0.01964 

0.0125 

0.0170 

0.0250 

0.0295 

81 

0.03879 

0.01939 

0.0123 

0.0168 

0.0247 

0.0292 

82 

0.03831 

0.01916 

0.0122 

0.0166 

0.0244 

0.0288 

83 

0.03785 

0.01893 

0.0120 

0.0165 

0.0241 

0.028s 

84 

0.03740 

0.01870 

0.0119 

0.0163 

0.0238 

0.0282 

85 

0.03696 

0.01848 

0.0118 

0.0161 

0.023s 

0.0279 

86 

0.03653 

0.01827 

0.0116 

0.0160 

0.0233 

0.0276 

87 

0.03611 

0.01806 

o.oiis 

0.0158 

0.0230 

0.0273 

88 

0.03570 

0.0178s 

0.0114 

0.0156 

0 0227 

0.0270 

89 

0.03530 

0.01765 

0.0112 

0.0155 

0.0225 

0.0267 

90 

0.03491 

0.01745 

O.OIII 

0.0IS3 

0.0222 

0.0264 

91 

0.03452 

0.01726 

O.OIIO 

0.0152 

0.0220 

0.0262 

92 

0.03415 

0.01707 

0.0109 

0.0150 

0.0217 

0.0250 

93 

0.03378 

0.01689 

0.0108 

0.0149 

0.021S 

0.0257 

94 

0.03342 

0.01671 

0.0106 

0.0148 

0.0213 

0.0254 

95 

0.03307 

0.01653 

o.oios 

0.0146 

0.021T 

0.0252 

96 

0.03273 

0.01636 

0.0104 

0.0145 

0.0208 

0.0249 

97 

0.03239 

0.01619 

0.0103 

0.0144 

0 0206 

0.0247 

98 

0.03206 

0.01603 

0.0102 

0.0142 

0.0204 

0.0244 

99 

0.03173 

0.01587 

0.0101 

0.0141 

0.0202 

0.0242 

100 

0.03142 

0.01571 

0.0100 

0.0140 

0.0200 

0.0240 

lOl 

0.03110 

0.01555 

0,0099 

0.0139 

0.0198 

0.0238 

102 

0.03080 

0.01540 

0.0098 

0.0138 

0.0196 

0.0236 

103 

0.03050 

0.01525 

0.0097 

0.0137 

0.0194 

0.0234 

104 

0.03021 

0.01510 

0.0096 

0.0135 

0.0192 

0.0232 

los 

0.02992 

0.01496 

0.0095 

0.0134 

0.0190 

0.0230 

106 

0.02964 

0.01482 

0.0094 

0.0133 

0.0189 

0.0228 

107 

1 0.02936 

0.01468 

0.0093 

0.0132 

0.0187 

0.0226 

108 

0.02909 

0.01454 

0,0093 

0.0131 

0.0185 

0.0224 

109 

0.02882 

0.01441 

0.0092 

0.0130 

0.0183 

0.0222 

no 

0.02856 

0.01428 

0.0091 

0.0129 

0.0182 

0.0220 

HI 

0.02830 

0.01415 

0.0090 

0.0128 

0.0180 

0.0218 

112 

0.0280s 

0.01403 

0.0089 

0.0127 

0.0179 

0.0216 

113 

0.02780 

0.01390 

0.0088 

0.0126 

0.0177 

0.021S 

114 

0.02756 

0.01378 

0.0088 

0.0125 

0.0175 

0.0213 

115 

0.02732 

0.01366 

0.0087 

0.0124 

0.0174 

0.0211 

116 

0.02708 

0.01354 

0.0086 

0.0123 

0.0172 

0.0210 

117 

0.0268s 

0.01343 

0.008s 

0.0123 

0.0171 

0.0208 

118 

0.02662 

0.01331 

0.0085 

0.0122 

0.0169 

0.0206 

119 

0.02640 

0.01320 

0,0084 

0.0121 

0.0168 

0.020s 
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Table i6c. —Gear Tooth Parts.— Continued 
Fine Pitch Series 

(A. G. M. A. recommended practice) 


Diametral 

Pitch 

Circular 

Pitch 

Circular 

Thickness 

Adden¬ 

dum 

Deden- 

dum 

Working 

Depth 

Whole 

Depth 

120 

0 02618 

0.01309 

0.0083 

0.0120 

0.0167 

0.0203 

I 2 I 

0.02596 

0.01298 

0.0083 

0 0119 

0.0165 

0.0202 

122 

0 02575 

0 01288 

0 0082 

0 0118 

0.0164 

0.0200 

123 

0.02554 

0.01277 

0.0081 

0.0118 

0.0163 

0.0199 

124 

0.02534 

0.01267 

0.0081 

0.0117 

0.0161 

0.0197 

125 

0.02513 

0.01257 

0.0080 

0.0116 

0.0160 

0.0196 

126 

0.02493 

0.01247 

0.0079 

0.0115 

0.0159 

O.OI 9 S 

127 

0.02474 

0.01237 

0 0079 

0.0114 

0.0157 

0.0193 

128 

0.02454 

0.01227 

0 0078 

0 0114 

0.0156 

0.0192 

129 

0.02435 

0.01218 

0.0078 

0.0113 

0.0155 

0.0191 

130 

0.02417 

0.01208 

0.0077 

0.0112 

0 0154 

0.0189 

131 

0 02398 

0.01199 

0 0076 

00112 

0.0153 

0.0188 

132 

0 02380 

0.01190 

0.0076 

0.0111 

0.0152 

0 0187 

133 

0.02362 

0 01181 

0 0075 

0 0110 

0 0150 

0 0185 

134 

0.02344 

0.01172 

0.0075 

O.OIIO 

0.0149 

0.0184 

135 

0.02327 

0.01164 

0.0074 

0.0100 

0.0148 

0.0183 

136 

0.02310 

o.oiiss 

0.0074 

0 0108 

0.0147 

0.0182 

137 

0.02293 

0.01147 

0 0073 

0 0108 

0.0146 

0.0181 

138 

0.02277 

0.01138 

0 0073 

0 0107 

0.0145 

0.0179 

139 1 

0 02260 

0.01130 

0.0072 

0.0106 

0.0144 

0.0178 

140 

0 02244 

0.01122 

0.0071 

0.0106 

0.OT43 

0.0177 

141 

0 02228 

0.01114 

0 0071 

0.0105 

0.0142 

0.0176 

142 

0.02212 

0.01106 

0.0070 

0.0105 

0.0141 

0.0175 

143 

0.02197 

0.01098 

0 0070 

0 0104 

0.0140 

0.0174 

144 

0.02182 

0.01091 

0.0069 

0.0103 

0.0139 

0.0173 

US 

0.02167 

0.01083 

0.0069 

0.0103 

0.0138 

0.0172 

146 

0.02152 

0.01076 

0.0068 

0.0102 

0.0137 

0.0171 

U 7 

0.02137 

0.01069 

0.0068 

0 0102 

0.0136 

0.0170 

148 

0.02123 

0.01061 

0.0068 

O.OIOI 

0.0135 

0.0169 

149 

0.02108 

0.01054 

0.0067 

0.0101 

0.0134 

0.0168 

ISO 

0.02094 

0.01047 

0.0067 

0.0100 

0.0133 

0.0167 

iSi 

0.02081 

0.01040 

0.0066 

0.0099 

0.0132 

0.0166 

IS 2 

0.02067 

0.01033 

0.0066 

0.0099 

0.0132 

0.0165 

IS 3 

0.02053 

0.01027 

0.0065 

0.0098 

0.0131 

0.0164 

1 S 4 

0.02040 

0.01020 

0.0065 

0.0098 

0.0130 

0.0163 

155 

0 02027 

0.01013 

0.0064 

0 0097 

0.0129 

0.0162 

156 

0.02014 

0.01007 

0.0064 

0.0097 

0.0128 

0.0161 

IS 7 

0.02001 

0.OToor 

0.0064 

0.0096 

0.0127 

0.0160 

IS8 

0.01988 

0.00994 

0.0063 

0.0096 

0.0127 

O.OIS 9 

IS 9 

0.01976 

0.00988 

0.0063 

0.0095 

0.0126 

0.0158 

160 

0.01964 

0.00982 

0.0063 

0.0095 

0.0126 

0.0158 

161 

0.01951 

0.00976 

0.0062 

0.0095 

0.0124 

0.0157 

162 

0.01939 

0.00970 

0.0062 

0.0094 

0.0123 

0.0156 

163 

0.01927 

0.00964 

0.0061 

0.0094 

0.0123 

0.0155 

164 

0.01916 

0.00958 

0.0061 

0.0093 

0.0122 

0.0154 


HELICAL GEARS 

The term ‘‘spiral gears” was formerly applied to all gears in 
kvhich the teeth were not parallel with the axis. They were also 
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called **skew gears.*^ Later the term spiral gears was applied to 
helical gears made to replace bevel gears and used on shafts that 
were not parallel in both planes. This designation was usSd in 
previous editions of this Handbook. The teeth of such gears are, 
nowever, helices instead of spirals, and the correct term has been 
adopted in the present edition. The only approach to a spiral 
gear in practice is the “spiral bevel,” and the term is retained for 
that form of gear only. 


Table 17.—Calculation of 4S-Degree Helical Gears 


Pitch 

of 

Cut¬ 

ter 

Pitch 

Diam. 

Pitch of 
Helical in 
Inches to 
One Turn 

No. of 
Teeth 
in Spur 
Same 
Curva¬ 
ture 

Out¬ 

side 

Diam. 

Thick¬ 
ness of 
Tooth at 
Pitch 
Line 

(Normal) 

Depth 

of 

Tooth 

Clear¬ 

ance 

Cir¬ 

cular 

Pitch 

(Nor¬ 

mal) 


Multiply by Number of 
Teeth in Helical Gear 

Add to 
P.D. 





~ a 

0.70710 

2.22142 

2.828 

I.0000 

0.7854 

1.078s 

0.078s 

1.5708 

ai 

0.62855 

I .97464 

2.828 

0.8888 

0.6981 

0.9587 

0.0699 

I.3963 


0.56566 

1.77707 

2.828 

0.8000 

0.6283 

0.8628 

0.0628 

I .2566 

2} 

0.51425 

1.61556 

2.828 

0.7273 

0.5712 

0.7844 

0.0572 

I.1424 

3 

0.47140 

I.48094 

2.828 

0.6666 

0.5236 

0.7190 

0.0524 

1.0472 

3 i 

0.40406 

I.26939 

2.828 

O.S 7 I 4 

0.4488 

0.6163 

0.0449 

0.8976 

4 

0.35355 

I. 11071 

2.828 

0.5000 

0.3927 

0.5393 

0.0393 

0.7854 

5 

0.28283 

0.88853 

2.828 

0.4000 

0.3142 

0.4314 

0.0314 

0.6283 

6 

0.23570 

0.74047 

2.828 

0.3333 

o.o6i8 

0.3595 

0.0262 

0.5236 

7 

0.20203 

0.63469 

2.828 

0.2857 

0.2244 

0.3081 

0.0224 

0.4488 

8 

0.17677 

0.55534 

2.828 

0.2500 

0.196s 

0.2696 

0.0196 

0.3927 

9 

O.15714 

0.49367 

2.828 

0.2222 

0.174s 

0.2397 

0 . 0 I 7 S 

0.3491 

10 

0.14143 

0.44431 

2.828 

0.2000 

0 .IS 7 I 

0.2157 

0.0157 

0.3142 

II 

0.12856 

0.40388 

2.828 

0.1818 

0.1428 

0.1961 

0.0143 

0.2856 

12 

0.11785 

0.37024 

2.828 

0.1666 

0.1309 

0.1798 

0.0131 

0.2618 


0.lOIOI 

0.31733 

2.828 

0.1429 

0.1122 

0.1541 

0.0112 

0.2244 

16 

0.08836 

0.27759 

2.828 

0.1250 

0.0982 

0.1348 

0.0098 

0.1963 

18 

0.07855 

0.24677 

2.828 

0. IIII 

0.0873 

0.1198 

0.0088 

0.174s 

20 

0.07071 

0.22214 

2.828 

0.1000 

0.0785 

0.1079 

0.0079 

0.1571 

22 

0.06428 

0.20194 

2.828 

0.0909 

0.0714 

0.0980 

0.0071 

0.1428 

^4 

0.05892 

I 0.18510 

2.828 

0.0833 

0.0654 

0.0898 

0.006s 

0.1309 

20 

0.05437 

0.17081 

2.828 

0.0769 

0.0604 

0.0829 

0.0060 

0.1208 

28 

0.05050 

0.1586s 

2.828 

0.0714 

0.0561 

0.0770 

0.0056 

0.1122 

30 

0.04713 

0.14806 

2.828 

0.0666 

0.0524 

0.0719 

0.0053 

0.1047 

32 

0.04425 

O.13901 

2.828 

0.0625 

0.0491 

0.0674 

0.0050 

0.0982 

36 

0.03929 

0.12343 

2.828 

0.0555 

0.0436 

0.0599 

0.0043 

0.078s 

40 

0.03533 

0.11099 

2.828 

0.0500 

0.0393 

0.0539 

0.0039 

0.0873 

48 

0.02944 

0.09249 

2.828 

0.0417 

1 0.0327 

0.0449 

0.0033 



In considering speed ratios for helical gears the driving gear can be 
taken as a worm having as many threads as there are teeth and the 
driven as the worm gear with its number of teeth, so that one 
revolution of the driver will turn a point on the pitch circle of the 
driven gear as many inches as the lead of the teeth of the driver. 
Divide this by the circumference of the pitch circle of the driven 
gear to get the revolutions of the driven. 

While the subject of helical gears is rather complex if considered 
broadly, most of the dii^ulties disappear when they have a tooth 
angle of 45 degrees. It is perhaps for this reason from from 75 to 90 
j)er cent of the helical gears used are made with this angle. 
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This has the added advantage of being the most durable, although 
there is but a trifling increase in wear down to 30 degrees, and the 
wear at 20 degrees is not serious. In cases of necessity, even 12 
degrees can be used without destructive wear. 

Where higher speed ratios than can be had with a 45-degree angle 
tooth are necessary, they can be laid out as will be shown later and 
can be cut on most milling machines. The usual change gears allow 
about two thousand different helices to be cut. 

Where the angles are not 45 degrees, the gear with the greatest 
angle must always be the driver. 

All the tooth parts are derived from the normal pitch, whereas the 
pitch diameters are derived from the circular pitch. These are 
never the same in two gears of a pair except when both are 45 
degrees. 

As the diameter of a helical gear does not indicate its speed ratio, 
the terms driver Sind follower are used in place of gear and pinion. 

45-Degree Helical Gear 

These gears are the simplest of all helices to lay out and to make, 
the required speed ratios being obtained by varying the diameters. 



precisely as with spur or bevel gears, the rules for the speed ratio 
being the same in both cases. Moreover, the various factors 
required in laying out and making such gears can be reduced to 
the simple table shown on page 2 76. This was calculated by the late 
E. J. Kearney. With it any one can quickly make the few calcula¬ 
tions connected with any pair of 45-degree gears having teeth 
between 2 and 48 diametral pitch. 

Example. —^Let it be desired to construct a pair of helical gears 
v/ith 35 teeth in the gear and 16 teeth in the pinion, using a lo-pitch 
cutter. Using the table on page 276, we have for a lo-pitch cutter, 
under the proper columns, tne following: 
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P.D. = 0.14143 X 35 = 4-9SO- 

O.D. = 4.950 -f- 0.200 = 5.150. 

Pitch in inches to one turn of spiral = 0.44431 X 35 = 15 550. 

Note.—A slight variation in one turn makes no practical differ¬ 
ence; hence, the ordinary change gears furnished with a universal 
miller will usually be found sufficient. 

Number of teeth in spur with same curvature = 2.828 X 35 == 
98.980. 

Looking at Brown and Sharpe spur-gear-cutter list, we see that 
99 is between 55 and 134; therefore, we select a No. 2 cutter. 

In a similar manner, using 16 as a multiplier, we obtain the data 
for the pinion. This gives 2.262 as pitch diameter, so that the 

. j. ^ 4-OSo 4- 2.262 ^ ^ 

center distance = — - - = 3.606. 

The various dimensions follow: 



Gear 

Pinion 

Number of teeth. 

35 

4 - 950 

5- 150 
15-550 

45 ^ 

10 

2 


16 

Pitch diameter. 


2.262 

Outside diameter. 


2.462 

7.108 

45 ° 

10 

3 

Pitch in inches to one turn. 

Angle of helix. 


Pitch of cutter. 

Number of cutter. 


Whole depth of tooth. 

0.216 


0. 216 

Angle of shafts. 

90° 

3.606 

Center distance of shafts. 



Figuring Helical Gears 

As there is no direct solution for a pair of helical gears, their 
calculation is a tedious process and the result must be found by 
trial. 

As numerous calculations are absolutely necessary, this formula 
should not involve division by large or fractional numbers and 
should contain the fewest possible operations. Such formulas are: 

Let C = center distance. 

P = diametral pitch. 

Ni = number of teeth in the driver. 

N2 — number of teeth in the follower. 

5 1 ~ helix angle of driver. 

52 = helix angle of follower. 

Then 2C = (sec Si Ni) + (sec ^2 iV'2) 


That is, the sum of the secant of the driving angle times the number 
of teeth in the driver, and the secant of the follower angle times the 
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number of teeth in it, divided by the diametral pitch equals twice the 
center distance. This formula is derived as follows: The secant of 
the helix angle times the pitch diameter of a spur gear of the same 
number of teeth and pitch equals the pitch diameter of a helical gear 
of that angle, the pitch of the spur gear being the sanie as the normal 
pitch of the helical gear. Now for a spur gear, the number of teeth 
divided by the diametral pitch equals the pitch diameter. There- 

N 

fore, the secant of the helix angle X ^ pitch diameter of a helical 

gear. The combined pitch diameters times the center distance 
are equal to 

^sec Si X + ^sec 82 X 

or (sec SiNi) + (sec S2N^^ for one diametral pitch. 

The quantity sec S\N\ is the pitch diameter for the driver, and 
sec S2N-1 is the pitch diameter of the follower. To obtain the center 
distance for any other pitch, it is simply necessary to divide this 
last result by that pitch. 

A table of secants will furnish constants covering the entire range 
of angles; and therefore, all possible solutions for a pair of gears. 
After long experience in calculating helical gears these are recom¬ 
mended by C. H. Logue as the best and simplest for all cases. 

Points to Be Kept in Mind When Calculating Helical Gears 

To assist in their use the following points should be kept in mind: 

1. The diameter of a helical gear increases with its angle. 

2. Therefore, the diameter of the follower will reduce as the driving angle 
is increased, although not necessarily in the same ratio. 

3. It is quite possible for the center distance to remain practically con¬ 
stant through quite a range of angles, the follower decreasing as the driver 
is increased. This is especially true when the gear having the greater number 
-of teeth is the driver. 

4. If the center distance is too great when the driving angle is 45 degrees— 
it must not go below that in any case—a lower number of teeth must be 
selected for both driver and follower, while maintaining the same ratio, 
and another trial made using a much higher angle for the driver. 

5. The center distance will increase with the angle of the driver. This 
increase is more rapid when reducing than when increasing the speed of the 
follower. This refers to parallel shsuts. 

6 . The number of teeth selected for each trial must be in proportion to the 
desired ratio. 

7. Forty-five degrees is commonly accepted as the most efficient driving 
angle. 


Selecting Secants and Trial Numbers of Teeth 

To calculate a pair of helical gears, select secants for the desired 
angles, assuming the normal pitch, try out the value of 2C with trial 
numbers of teeth for driver and follower. 

If the value 2C is too small, increase the number of teeth and try 
again. A very few calculations will show the number of teeth to 
secure the closest result. 

If the center distance thus found is not as desired the angles must 
bo shifted, keeping in mind the general laws governing the change of 
the center distance with the angle. 
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It is often found that when the desired center distance is reached 
the driving angle is too large to be desirable. The only alternative 
is to change the normal pitch and try again. A slide rule will give 
approximate results. 

When there are limitations placed on the diameter of one or both 
of the gears, the following formula is of value. It may also serve as 
a check on the above calculations. The pitch diameters are 
assumed. 

tan 5 =* 0^ driver X number of revolutions of driver) 

^ (P.D. of follower X number of revolutions of follower) 

This will set a limit on the driving angle to exceed which means 
that the gear will be too large. 

Real Pitches for Circular-Pitch Helical Gears 

The following Table i8, will be found convenient in figuring 
particulars for helical gearing, because it eliminates much of the 
work by shortening the process, thus making it quite an easy and 
simple matter to find the dimensions for either helical gears with 
axes parallel to each other or for gears with right-angle drive. 

Formulas for use with the table are as follows: Circumference on 
pitch line = real pitch multiplied by number of teeth. 

Lead of helix = circumference on pitch line divided by the 
tangent. 

Pitch diameter = circumference divided by 3.1416. 

For whole diameter add the same amount above pitch line as for 
spur wheels of the same pitch as the normal pitch. 

The following is an example of the use of the table: A pair of 
wheels is required to be: ratio, 6 to i; normal pitch, i inch; driver, 
6 teeth; follower, 36 teeth; angle for driver, 66 degrees; angle for 
follower, 24 degrees. 

Referring to the table, we find that the real pitch for the driver 
is 2.4585. 

2.4585 X 6 (teeth) = 14.751 (circumference on pitch line). 

Cir. 14.751 ^ 2.246 (tangent) = 6.567 (lead of helix). 

Cir. 14.751 3.1416 = 4.695 (pitch diameter). 

For the follower the real pitch is 1.0946. 

1.0946 X 36 = 39.4056 (circumference). 

Cir. 39.4056 -r 0.4452 (tangent) = 88.512 (lead of spiral). 

Cir. 39.4056 -T- 3.1416 = 12.543 (pitch diameter). 

Another method of finding the lead of helix is to multiply the 
real pitch by the number of teeth, but for this purpose take the 
real pitch of the mating wheel. 

In the above example we should have 

Real pitch of follower, 1.0946 X 6 = 6.5676 (lead of helix). 

Real pitch of driver, 2.4585 X 36 = 88.506. 

It wiU be noticed that there is a slight difference in the result, 
but this is unimportant, as it is only brought about by the dropping 
ol a few decimal points in the tangent. 




Fig. 20. —Chart for Selecting Helical Gear Cutters 

Spur-Gear Cutters for Helical Gears 

To find the number of a spur-gear cutter to be used in cutting a 
given helical gear, locate the intersection of lines traced from the 
points representing the number of teeth and the helix angle on the 
two scales. The number in the area on the chart within which 
the intersection falls is the cutter number of Brown and Sharpe’s 
involute cutter system required. 
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Measuring Helical Gears with Wires 

The measurement of helical gears presents several difficulties that 
are not present in measuring spur gears. The calculations are more 
difficult because of the fact that the teeth curve in a helix instead of 
being straight. Also the different methods of producing helical 
gears such as milling, shaping, and bobbing may produce teeth 
which differ slightly from a true involute form. 

In some plants steel balls are used to measure helical gears. They 
are theoretically preferable to measuring wires in that they do not 
rock when placed in the helical groove between the gear teeth. Steel 
balls, however, are available only in a few standard sizes in six¬ 
teenths or thirty-seconds of an inch, while measuring wires can be 
obtained in any special size which may be required to simplify 
calculations. 

In making a measurement over two measuring wires placed in a 
helical gear, the gear should be placed on a surface plate and the 
micrometer spindle and anvil should be aligned with the face of the 



Fig. 2oa.—Holding and Aligning Measuring Wires on a Helical 

Gear. 

gear with two equal gage blocks or parallels, as shown in Fig. 20a. 
Then if the gear is moved until a maximum reading is obtained the 
correct measurement will be obtained. 

Using Spur Gear Tables for Helical Gears 
The following method of measuring helical gears, using a special 
size of measuring wires S^ar tables pre¬ 

viously given, is presented as one which appears to be approximately 
correct. It should, if possible, be supplemented by measurements 
over master gears. 
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Given 

Helical Gear 12 teeth = N 


Find normal DP 


Notes on Helical Gears 

^EN Mathematical Data 

12 teeth = N cosine 45 degrees 

== 0.70711 

6 DP _L__ 

2-inch pitch diameter cosine 45 degrees 

= 1.4142 

45-degree helix angle _ I __ 

i4i-degree pressure angle (cosine 45 degrees)^ 

= 2.828 

DP = --jj- = 6 X 1 .4142 


Find wire diameter = 


cosine 45-degrees 

^ = 8.4852 

1.728 inch _ 1.728 inch 
Normal DP 8.4852 

= 0.20377 inch 


(cosine 45 degrees)^ 


= 12 X 1.4142 
= 16.9704 

= 12 X 2.828 
= 33-94 


3. Find number of teeth 
in equivalent spur 

,gear. N' == —;--- = 12 X 1.4142 

4. Find number of teeth cosine 45 degrees = 16.9704 
for which cutter 

would be selected, n — - -;--— = 12 X 2.828 

5. Find measurement for (cosine 45 degrees)^ =33.94 
I DP. = 3/ 

Use decimal only from table for w teeth 

(33-94) . 

Use nearest whole number 34. = 0.4526 inch 

Add N' + 2 . = 18.9704 inches 

M . = 19.4230 inches 

6. M for given helical _ ^ = ^9-4230 

gear - Normal DP 8.4852 . 

= 2.2890 inches 

The above procedure is used for gears having an even number of 
teeth. For gears of an odd number proceed as outlined above but 
correct the measurements for the wires not being opposite by i 
tooth interval as follows: 

M for odd number of teeth = {M — wire diameter) 

X cos ^ + wire diameter 


The table for even tooth gears should be used for both even tooth 
gears and odd tooth gears. The decimal may be interpolated for 
the nearest whole number of N, For an instance the decimal for 
' j 0.4567 "f* 0.4604 

37 teeth would be the average for 36 and 38 teeth or- - - 

= 0.4585 inch. 
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Table 17a.—T able for Even Tooth Helical Gears 


Helix 

Angle 

s 

I 

I 

Helix 

Angle 

5 

I 

I 

cos 5 

(cos 5)* 

cos 5 

(cos 5)> 


1.0038 

I .oil 

37 ° 

I .2521 

1.963 

10 

I .0154 

1.047 

38 

I.2690 

2.044 

12 

1.0223 

1.068 

39 

I .2867 

2.130 


1.0306 

1.095 

40 

1.3054 

2.22$ 

16 

I .0403 

1.126 

41 

1.3250 

2.326 

17 

I .0457 

1.143 

42 

1.3456 

2.437 

18 

1.0515 

1.163 

43 

1.3673 

2.556 

19 

1.0576 

1.183 

44 

1.3902 

2.687 

20 

1.0642 

1.205 

45 

I.4142 

2 828 

21 

I .0711 

1.229 

46 

1.439s 

2.983 

22 

1.078s 

I. 254 

47 

I.4663 

3.152 

23 

1.0864 

1.280 

48 

1.4945 

3.338 

24 

I .0946 

1.309 

49 

1.5242 

3-541 

25 

1.1034 

1.343 

50 

I .5557 

3.76s 

26 

I. 1126 

1.377 

51 

1.5890 

4.012 

27 

I .1223 

1.414 

52 

1.6243 

4.285 

28 

1.1326 

1.453 

53 

I.6616 

4.588 

29 

I.1433 

1.495 

54 

I.7013 

4.924 

30 

I .1547 

1.540 

55 

1.7434 

5.297 

31 

I .1666 

1.588 

56 

1.7883 

5 .719 

32 

I.1792 

1.640 

57 

1.8361 

6.190 

33 

I.1924 

1.695 

58 

1.8871 

6.720 

34 

I .2062 

1.755 

59 

I.9416 

7.319 

35 

1.2208 

1.819 

60 

2.0000 

8.000 

36 

1.2361 

1.889 
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Table 176. —Odd Tooth Helical Geaes 
Values of —J-- for use only in measuring odd-tooth gears* 


N 

90 degree 

N 

90 degree 

N 

90 degree 

cos- 

N 

cos If 

5 

0.95106 

41 

0.99927 

71 

0.99976 

7 

0.97493 

43 

0.99933 

73 

0.99977 

9 

0.98481 

45 

0.99939 

75 

0.99978 



47 

0 .99944 

77 

0.99979 

II 

0.98982 

49 

0.99949 

79 

0.99980 

13 

0.99271 





15 

0.99452 





17 

0.99573 





19 

0.99658 

SI 

0.99953 

81 

0.99981 



53 

0.99956 

83 

0.99982 

21 

0.99720 

55 

0.99959 

85 

0.99983 

23 

0.99767 

57 

0.99962 

87 

0.99984 

25 

0.99803 

59 

0.9996s 

89 

0.99984 

27 

0.99831 





29 

0.99853 





31 

0.99872 

61 

0.99967 

91 

0.9998s 

33 

0.99887 

63 

0.99969 

93 

0.99986 

35 

0 99899 

65 

0 99971 

95 

0.99986 

37 

0.99910 

67 

0.99973 

97 

0.99987 

39 

0.99919 

69 

0.99974 

99 

0.99987 


* When N is over lOO use formula given for even-tooth gears. 



Table i8.—Real Pitches for Ctrcttlar-Pitch Helical Gears 
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To Find Helix Angle of Old Gear 

Find normal circular pitch by measuring whole depth of tooth 
and thickness at pitch line. Subtract twice the addendum to get 
the pitch diameter. Multiply pitch diameter by 3.1416, and divide 
by the number of teeth to get the real circular pitch. Divide the 
normal circular pitch by the real circular pitch which gives cosine 
of helix angle on which gear is cut. 

To get the lead, multiply the circumference by the cotangent of 
heUx angle, or divide by the tangent. 

Helical-Gear Table 

While it is better in every case to understand the principles 
involved before using tables as this tends to prevent errors, they can 
be used with good results by simply following directions carefully. 
The subject of helical gears is so much more complicated than other 
gears that many will prefer to depend entirely on the tables. 

Table 19 gives the circular pitch and addendum or the diametral 
pitch and lead of helices for one diametral pitch and with teeth hav¬ 
ing angles of from i to 89 degrees to 45 and 45 degrees. For other 
pitches, divide the addendum given and the helix number by the 
required pitch, and multiply the results by the required number of 
teeth. This will give the pitch diameter and lead of helix for each 
wheel. For the outside diameter add two diametral pitches as in 
spur gearing. 

Suppose we want a pair of helical gears with 10- and 80-degree 
angles, 8-diametral-pitch cutter, with 16 teeth in the small gear, 
having a lo-degree angle and 10 teeth in the large gear with its 80- 
degree angle. 

Find the lo-degrefe angle of helix and in the third column find 
1.0154. Divide by pitch, 8, and get o. 1269. Multiply this by num¬ 
ber of teeth — 0.1269 X 16 = 2.030 = pitch diameter. Add 2 
pitches — two i = i and 2.030 + 0.25 = 2.28 inches outside 
diameter. 

The lead of helix for 10 degrees for small wheel is 18.092. Divide 
by pitch == 18.092 -7- 8 = 2.2615. Multiply by number of teeth, 
2.2615 X 16 = 36.18, the lead of helix, which means that it makes 
one turn in 36.18 inches. 

For the other gear with its 80-degree angle, find the addendum, 
5.7587. Divide by pitch, 8, obtaining 0.7198. Multiply by num¬ 
ber of teeth, 10, obtaining 7.198. Add two pitches, or 0.25, 
obtaining 7.448 as outside diameter. 

The lead of helix is 3.1901. Divide by pitch, 8, obtaining 0.3988. 
Multiply by number of teeth to obtain 3.988 the lead of helix. 

Wben racks are to mesh with helical gears, divide the number in 
the circular pitch columns for the given angle by the required dia¬ 
metral pitch to get the corresponding circular pitch. 

If we want to make a rack to mesh with a 40-degree helical gear 
of 8 pitch: Look for circular pitch opposite 40 and find 4.101. 
Divide by 8, obtaining 0.512 as the circular pitch for this angle. 
Thb greater the angle, the greater the circular or linear pitch, as can 
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tabxb 19.—Helical-Gear Table 


Shaft Angles 90 Degrees for One Diametral Pitch 
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be seen by trying an 8o-degree angle. Here the circular pitch is 
2.261 inches. 


Testing and Adjusting Spiral Bevel-Gear Drives^ 

The proper adjustment of bevel gears in assembly is a vital factor 
in obtaining quiet and durable gears. 

There are two distinct considerations in obtaining the proper 
tooth contact: one is the bearing along the tooth, the lengthwise 
bearing; the other, the bearing up and down the tooth, or profile 
bearing, and it is essential that the two be considered separately to 
obtain the proper results in combination. Diagram shows terms 
used. 

Graphic definitions of the terms used in describing the proper 
procedure to mount a pair of bevel gears are given herewith. 

Bevel gears are cut with a predetermined amount of backlash to 
suit the pitch and operating conditions, and this backlash should 


Outward Movemerrt 
cfPmion 


IP ward ^ 

Movement 

afP/nion 



Toe- 

Heeh 


Outward Movement 
of Qear 




Addendum 


Inward Movement 
of Gear 


fV 

/ Clearance^ j 


DedenJum Backlash 


Fig. 21 


not be altered by any great amount to obtain the proper tooth 
contact, as the necessity of such a step indicates a fault either in 
the cutting or in the alignment of the supporting bearings. The 
usual amount of blacklash is from 0.004 inch on 8-pitch gears 
to 0.012 inch on 3-pitch gears. 

Bevel gears mounted in a rigid testing machine should show a 
bearing toward the small end of the tooth, and the amount the 
bearing favors the small end is determined experimentally by the 
stiffness of the mounting in which the gears are to be finally assem¬ 
bled. Any spring in the mounting of the gears under load will cause 
the bearing to move toward the large end, and in no case should the 
bearing be heaviest at the large end of the tooth under the operating 
load., Any extra load, such as induced by suddenly applying the 
full load, will cause the bearing to become concentrated on the top 
comer of the large end of the tooth an 4 breakage will ensue. The 
figures below show typical tooth bearings as obtained in a testing 

^ By permission of the Gleason Works, Rochester, N. Y. 
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machine and when mounted in an automobile axle, also the effect of 
spring in the mounting on the apexes of the gear and pinion. It will 
be observed that the apexes do not coincide when the gear mount¬ 
ing has sprung under the working load. Therefore, when cutting 
the gears, it is necessary to make provision for this lift or spring. 

Bevel gears are commonly cut to run flush at the large end of 
the teeth and, as a first step, they should be so assembled in the 
mounting for an initial trial. Powdered red lead and any light 
machine oil should be mixed and spread over the working surfaces 
of the teeth with a brush to show clearly the tooth contact obtained. 

There is no difference in the method of adjusting spiral or straight 
bevels, and, while the following statements are particularly appli¬ 
cable for spiral bevels, they are also true for straight bevels. 

After mounting the gears flush with the proper amount of back¬ 
lash, they should be operated under load in each direction for a 
minute. In the automobile rear-axle driving gears, the rear axle 
should first be raised to have the wheels clear the floor, then the 



Fig. 22.—Effect of Mounting 


motor started and the wheels driven in both directions with the 
brakes applied to obtain the necessary load. 

All figures show the bearing on the gear tooth. With a ri^ht- 
hand spiral bevel gear (mating with a left-hand spiral pinion) 
mounted in an automobile, the driving side is on the convex side of 
the tooth, and the concave side of the tooth is used when in reverse. 

The tooth bearing, both lengthwise and profile, should appear as 
shown in A and B, Fig. 23, but a condition of tooth contact may 
be obtained, as indicated in C to N. The lengthwise bearing 
adjustments will first be considered. 

Figures C and D show what is called a cross bearing, which is 
caused by either a misalignment of the mounting or an error in the 
cutting. The mounting should be tested and, if found faulty, 
should be corrected. If the drive side has a toe bearing and the 
reverse a heel bearing, the gears are serviceable, provided the bear¬ 
ing is about five-eighths of the tooth length, but if the heel bearing 
occurs on the drive side, it should not be used, and the cutting 
conditions should be altered if the mounting is found correct. 

Figures E and F show a toe bearing on each side of the tooth and 
the gear must be moved away from the pinion to incrtiase the length¬ 
wise bearing, which, on ratios i :i to approximately 4:1, will change 
the profile bearing to some extent and an adjustment of the pinion 
may be required. This movement of the gear will introduce more 
backlash, and the gear cutting should be changed in order to prop¬ 
erly locate the beanng if this increase in backlash becomes excessive. 
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Fig. 23.—Spiral Bevel Tooth Bearing 
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Figures G and H show a heel bearing on both sides, and the gear 
must be adjusted toward the pinion to increase the lengthwise 
bearing, which, on ratios i:i to approximately 4:1, will change the 
profile bearing to some extent and an adjustment of the pinion may 
be required. 

Figures I and J show a low bearing on gear tooth which may 
appear at any position along the tooth. The pinion should be 
moved away from the gear, and on ratios i:i to approximately 4:1, 
the gear should be moved toward the pinion to maintain the proper 
backlash. This movement of the gear will alter the lengthwise 
bearing, and several adjustments for both lengthwise and profile 
bearing may be required to obtain the proper tooth bearing. 

Figures K and L show a high bearing on gear tooth which may 
appear at any position along the tooth. The pinion should be 
moved toward the gear, and on ratios i:i to approximately 4:1, 
the gear should be moved away from the pinion to maintain the 
backlash. This movement of the gear will alter the lengthwise 
bearing and several adjustments for both lengthwise and profile 
bearing may be required. 

Figures M and N show a lame bearing. It is possible to adjust 
the gears and obtain a fair driving condition, as shown at A , Fig. 23, 
but a poor coast or reverse. The only method of completely 
eliminating the trouble is to cut the gears properly. 

It must be borne in mind that the adjustment cited should be 
moderate, and if great amounts of adjustments are needed, the 
mounting and gear cutting must be carefully checked and the 
necessary steps taken to correct trouble in the making of the gears 
or mounting. The convex side of tooth should drive. 

TOLERANCES IN GEARING 

The tolerances (Table 20) were proposed by Harry Horsington, 
ordnance engineer at Rock Island Arsenal, in 1925. It is suggested 
that a very flexible feeler be used as a ‘‘not-go” gage in testing 
backlash in spur gears. 

It should be remembered that manufacturing tolerances of gages 
must be considered which will reduce the actual component or 
work tolerance. It will be observed that, in the tables shown, the 
clearances between the shafts have not been considered. Allowance 
has been made in the tables for close work and in order that the 
necessary oil film in the bearing will absorb part of the essential 
bearing clearance and the remainder will take care of the tolerances 
in the gages. It should also be remembered that these tables are for 
production work and that closer fits may be secured by special 
fitting or selective assembly. 

Speeds and Feeds for Gear Cutting 
Brown & Sharpe Mfg. Co. 

Feet per Minute 


Carbon-steel cutters on cast iron. 40-60 

Carbon-steel cutters on steel. 30-40 

High-speed steel cutters—cast iron. 80-125 

High-apeed steel cutters—steel. 65-100 
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Table 21.—Proposed Tolerances for Spur Gears and Supports 
Twenty-degree involute, ordinaiy conditions with cut gears—not hardened. Good center distance fixtures. 
Assembling without fitting or selection. Suitable for gun-carriage elevating and traversing-gear trains. 


GEAR TOLERANCES 


Allowable Variation 
from Theoretical 
Center Distance of 
One Gear and Cor¬ 
rect Master Rack 

—0.0069 - 0.0107 

0.0052- 0.0087 
0.003 7- 0.007 1 
0.0027- 0.0062 
0.0019- 0.0054 
O.OOlS- 0.0052 
0.0014- 0.0043 
O.OOI2-: 0.0037 
0 . oooS- 0.0033 
0.0005- 0.0029 
0.0005- 0.0026 
0.0005- 0.0022 

Greatest Re¬ 
sulting Back¬ 
lash in Pair, 
Assembled 

N PO O' O' 

M to Tj- M 0 00 to 

000000888808 

000000000000 

Backlash Re¬ 
sulting from 
Maximum 
Center 
Distance 

M rfvO O'NOOOO lOtOH 

lO'^^fOMNMMHMMO 

888888888888 

060000000060 

Necessary Al¬ 
lowed Varia¬ 
tion in Center 
Distance 
of Shaft 

-f-0.007 

0.0065 

0.006 

0.005 

0.0034 

0.003 

0.0025 

0.0025 

0.002 

0.002 

0.0015 

0.001 

Maximum 
Amount Each 
Tooth Space 
is Widened, 
Including 
Clearance in 
Column 2 

00 'O OnOO m I'-. tT m 0 »v 0 

888888888888 

oooooooooooo 

+ 

Allowable 
Variation in 
Width of 
Space. Either 
Gear 

00 to to to 10 M O'©© 10 « 

MM 

8 8 8 8.8 8 8 88888 
oooooooooooo 

Rxmning 
Clearance Ex¬ 
pressed as 
Backlash. In 
Pair 

to 00 vO t>. 00 00 00 

Ot>-to^<NCs«MMOOO 

388888888888 

000000000600 

Diameter 

Pitch 

v> to 
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M M 











292 


GEARING 


The most economical feed is not the fastest which the cutter will 
stand without burning or breaking. This is due to the fact that 
with a very high rate of feed the cutter must be ground frequently, 
and this consumes considerable time. There is also the risk of a 
ruined cutter. A slightly slower feed in such a case will not greatly 
decrease the rate of production, but it will, on the other hand, 
allow the cutter to hold its edge much longer. The result will 
be that the net production per cutter will be greater at the slower 
feed, and the production per day will be as great. This reduces 
the cutter cost, inasmuch as the cutters last much longer under the 
slightly slower feed. 


Diameter Pitch 

2 


3 

4 

S 

6 


8 

10 

12 

16 

Feed in inch- 

Cast iron. 

4 

4 

4i 

S 

6 

6 

7 

7 

8 

9 

II 

es per min¬ 
ute 

Steel. 


2j 

3 

3 

3i 

3i 

4i 

4i 

S 

6 

8 


Grinding Gear Teeth. —Gear teeth have been ground for many 
years, but the practice was not common until some automobile 
builders adopted it for transmission gears. There are several 
types of machines: one using a wheel shaped to the space between 
tne eear teeth, grinding both sides at once; another using the per¬ 
pendicular side of a thin wheel, the gear being rolled past the wheel 
and the outside of the wheel being set to or near the bottom of the 
tooth space; another, using a wheel shaped like a theoretical rack 
tooth, grinding both sides at once; and still another, grinding with a 
narrow edge at the side of the wheel. Two of these machines use 
bands, a third uses a master gear and rack, and the fourth operates 
much as the conventional rotary-type gear cutter. These machines 
correct the distortion due to hardening and can produce a true tooth 
form. 

Shaving, Burnishing, and Lapping Gears. —Machines have been 
developed for shaving gear teeth after cutting to improve both 
contour and surface before hardening. Shaving tools are either 
hardened racks or hard gears with fine serrations on the teeth. 
Fellows, Michigan, and National machines are used. 

Gears are also burnished by being run under pressure with hard¬ 
ened master gears. In some cases, gear teeth are lapped after 
hardening by running mating gears together with a fine abrasive 
compound, but this is not common practice. They are also lapped 
by reciprocating inside an internal gear of same size and pitch. 

Spline Hobbuig. —Spline bobbing experience seems to apply in 
gear bobbing as well. R. B. Haynes finds that 

1. Climb bobbing always yields a finish on the sides of the splines obvi¬ 
ously superior to that obtainable by conventional cutting. This superiority 
is observed so easily that customers, during the early stages of the application, 
brought much pressure to bear to hasten the completion of the project. 

2 , Climb bobbing is accompanied invariably by an increase in hob bfe. 
This increase normally amounts to from 20 to 30 per cent more pieces 
per bobk 












Table 22.—Proposed Tolerances for Close-Fitting Worm Gearing 
Applicable to General Ordnance Construction 


GEAR TOLERANCES 
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3. Climb bobbing consumes less power per cubic inch of metal removed. 
This decrease normally will be in the ratio 6f i.oo horse-power for climb 
bobbing to i.io horse-power for conventional bobbing. 

4. Climb bobbing produces little or no burr on the splines, thereby 
reducing, or in some cases eliminating, subsequent burring operations. 

5. The value of climb bobbing as a production process is not affected 
materially by coolants, speeds, feeds, or other factors in the operation. 

Nonmetallic Gear (Composition Gears).—Many gears are now 
made of rawhide or a cotton fabric impregnated with compositions 
of the Bakelite order and are made under several well-known 
trade names. They reduce noise when meshed with metal gears 
and are sufficiently elastic to cushion shocks that might break 
cast-iron gears. They are quite effectively impervious to oil or 
water but should not be run in water. 

The composition can be machined much like metal, but much* 
faster. In sawing, a band saw with 5 J teeth per inch and 0.04 inch 
thick is suggested. Drills will cut a trifle small and heat and are 
frequently ground off-center to prevent this. Reamers tend to 
leave holes from 0.001 to 0.002 below size. 

Cutting off or trepanning tools should have plenty of side clear¬ 
ance. An 8-degree clearance behind the cutting edge and 5- to 
lo-degree top rake are recommended. 

A cutting emulsion is sometimes used in drilling and reaming. 

The teeth of composition gears without metal backing can be 
cut at a very fast rate. It is best to have a support at the back of 
the gear to support the rim as the cutter or holes break through. 

NONMETALLIC GEARS AND PINIONS^ 

Preferred Pitch 

The pitch of the gear or pinion should bear a reasonable relation 
to the transmitted horse-power and speed, or to the applied torque. 

Two preferred pitch tables are given, their choice being optional. 
Table 23 is based on the horse-power load at a given pitch-line 
velocity, while Table 24 is based on the applied torque. 

The torque used in Table 24 is the pounds torque at a i-foot 
radius, which for any given horse-power and speed can be obtained 
from the formula-; 

T = 5 .^ 5 ^ H.P. 
r.p.m. 

These preferred-pitch tables are applicable to both rawhide and 
phenolic laminated materials. 

Bore Sizes 

For plain phenolic laminated pinions, that is, without metal end 
plates, a drive fit of 0.001 inch per inch of shaft diameter should be 
used. Above 2.5 inches diameter shaft, the fit should be constant 
at 0.0025 to 0.003 inch. 

Where metal reinforcing end plates are used, the drive fit should 
be of the same standard as used for metal. 

» Adoj^ted as recommended practice by the American Gear Manufacturers 
Association. 



BORES AND KEYWAYS 


29s 


Table 23 


H.p. Rating 

Up to 

1,000 P.L.V.* 
D.P. 

1,000 to 

2,000 P.L.V. 
D.P. 

Over 

2,000 P.L.V. 
D.P. 

J to I 

8 to 10 

10 to 12 

12 to 16 

I to 2 

7 to 8 

8 to 10 

10 to 12 

2 to 3 

6 to 7 

7 to 8 

8 to 10 

3 to 7i 

S to 6 

6 to 7 

7 to 8 

7i to 10 

4 to s 

S to 6 

6 to 7 

10 to IS 

3 to 4 

4 to s 

S to 6 

IS to 2S 

to 3 

3 to 4 

4 to S 

2S to 60 

2 to 2i 

2i to 3 

3 to 4 

60 to 100 

if to 2 

2 to 2§ 

2i to 3 

100 to ISO 

li to li 

li to 2 

2 to 2^ 


* Pitch-line velocity. 

Table 24 

Torque in Foot-Pounds 
D.P, Minimum and Maximum 

16 1-2 


12 

10 


8 

6 

5 

4 

U 

2 

li 

I 


2- 4 

4 - 8 
8- 15 

15- 30 

30- 50 

50- 100 
100- 200 
200- 450 
450- 900 
900-1,800 
1,800-3,500 


Relation of Bore to Pinion Diameter 

The root diameter of the pinion of phenolic laminated type should 
be such that the minimum distance from the edge of the keyway 
to the root diameter shall be at least equal to the depth of tooth. 

For rawhide pinions, this point is covered under the American 
Gear Manufacturers Association, ‘‘Adopted Standard for Rawhide 
Gears,” revision of 1933. 

Keyway Stresses 

On a plain phenolic laminated gear or pinion, the keyway stress 
should not exceed 3,000 pounds per square inch. 

The keyway stress is calculated by the formula 

c 33 >ooo X H.P. 

“ P.L.S. X A 

If the keyway stress formula is expressed in terms of shaft radius 
and revolutions per minute, it will read: 

9 =* 63 >ooo X H.P. 

“ r.p.m. XrX A 
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where S - unit stress, in pounds per square inch. 

H.P. = horse-power transmitted. 

P.L.S. = peripheral speed of shaft in feet per minute. 

A = area of keyway in pinion, in square inches. Length by 
height. 

r = shaft radius. 

When the design is such that the keyway stresses exceed 3,000 
pounds per square inch, metal reinforcing end plates may be used. 
Such end plates should not extend beyond the root diameter of the 
teeth. Tne distance from the outer edge of the retaining bolt to 
the root diameter of the teeth shall not be less than a full tooth 
depth. 

The use of drive keys should be avoided, but if required, metal end 
plates should be used on the pinion to take the wedging action of 
the key. 


Mating Gear 

The mating gear should be of cast iron or hard steel. Soft steel, 
brass, or soft bronze should be avoided. The teeth should be cut 
and in good condition for best results. 

For phenolic laminated pinions, the face of the mating gear 
should be the same as, or slightly greater than, the pinion face. 

A.G.M.A. FORMULA FOR COMPUTING THE HORSE-POWER 
OF NONMETALLIC SPUR GEARS COMPOSED 
OF LAMINATED PHENOLIC MATERIALS 
OR RAWHIDE 

Adopted May, 1926—Revised May, 1927 
_ 0.000095 X S.W.S. X F.W. X F X P.L.V. 

D.P. 

= horse-power. 

= safe working stress of material (varies with speed; see 
value of S.W.S. in table following). 

= face width in inches. 

= constant depending upon number of teeth (see values 
of Y in table following). 

= pitch-line velocity in feet per minute. 

= diametral pitch. 


H.P. 

where H.P. 
S.W.S. 

F.W. 

F 

P.L.V. 

D.P. 
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Values of S.W.S. for Pitch-Line Speed in Feet per Minute 


P.L.V. 

S.W.S. 


S.W.S. 

PX.V. 

S.W.S. 

100 

4,500 

700 

2,500 

1,700 

1,974 

ISO 

4,071 

800 

2,400 

1,800 

1,950 

200 

3,750 

900 

2,318 

1,900 

1,929 

250 

i > 5 °o 

1,000 

2,250 

2,000 

1.909 

300 

3.300 

1,100 

2,192 

2,200 

1.87s 

350 

3.136 

1,200 

2,143 

2,300 

1,860 

400 

3.000 

1,300 

2,100 

2,400 

1,846 

450 

2.88s 

1,400 

2,063 

2,600 

1,821 

500 

2,786 

1,500 

2,029 

2,800 

1,800 

600 

2.62s 

1,600 

2,000 

3,000 

1,781 


6,000 pounds was used as the safe working stress for static load 
and with the formula 


( 


150 

200 P.L.V. 



X 6,000 = S.W.S. in the table. 


Values of Y 
i4§- and 20-degree Involute 


Teeth 

F 

Teeth 

Y 

141 “ 

20® 

14Y 

20® 

12 

0.067 

0.078 

27 

0.100 

0. Ill 

13 

0.070 


30 

0.102 

0.114 

14 

0.072 


34 

0.104 

0.118 

15 

0.075 


38 

0.107 

0.122 

16 

0.077 


43 

0. no 

0.126 

17 

0.080 

0.096 

SO 

0.112 

0.130 

18 

0.083 

0.098 

60 

0.114 

0.134 

19 

0.087 

0. ICO 

75 

0.116 

0.138 

20 

0.090 

0. 102 

100 

0.118 

0.142 

21 

0.092 

0. 104 

150 

0.120 

0.146 

23 

0.094 

0. 106 

300 

0.122 

0.150 

25 

0.097 

0. 108 

rack 

0.124 

O.IS 4 


Values for Y same as used in Lewis formula. 

The formula was derived from the Lewis formula for horse-power 
as follows: 


H.P. 


W 


W X P.L.V. 

33»ooo 

S.W.S. X C.P. X F.W. X F. 
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Substituting 
H.P. = 


S.W.S. X C.P. X F.W. X F X P.L.V. 


Changing C.P. to D.P. 


SSyOOO 


H.P. = 


D.P. 


(S.W.S. X F.W. X F X P.L.V.). 


Clearing fractions 


33,000 


H.P. = 


0.000095 X S.W.S. X F.W. X F X P.L.V. 
D.P. 


THREADS OF WORMS 

Worms are often cut with threads having an included angle of 
29 degrees similar to the Acme thread. This is true for single and 
double threads in particular, but for worms, for a greater number 





of threads, 40-degree included angle, and sometimes a 60-degree 
included angle, is used. It is also a common practice to use a 
straight-sided cutter of the respective included angle for the worms, 
and in this case the worm-thread sides will be curved and will not 
be like the cutter. 

The design of worms is intimately involved with the worm gears 
with which it is to run and also with the hob with which the gear 
is cut, and while a few simple rules cannot cover them, the recom¬ 
mended practices of the American Gear Manufacturers Association 
will answer for most worms and gears. 

The general industrial range is from i to 2 inches linear pitch, 
from single to quadruple and from 10:1 to 100:1 gear ratios. The 
standard-thread form is that produced by a straight-sided milling 
cutter of not less than the outside diameter of the worms or more 
than li diameters. For single- and double-thread worms the side 
angle of cutter is 14J degrees, and for triple- and quadruple-thread 
worms the side angle is 20 degrees. Single- and double-thread hobs 





Table 25.—Formulas for Worms 


THREADS OF WORMS 
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To find the pitch and root diameters of any worm, see data on Worm Threads on page si. For P.D. deduct 0.6366 X L.P. 
in inches from O.D. For R.D. deduct 2 X 0.6866 X L.P. in inches and add 0.005 in clearance on each side—or o.oi in. total. 
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may be fluted parallel to axis. Triple- and quadruple-thread hobs 
should be fluted normal to the thread angle at outside diameter. 
Standard linear pitches in inches are: 

i> A, i. i, f> i, I, li, li. li, 2- 


These, with multiple-thread worms, give 44 worms for various uses. 
Formulas for worms and worm wheels follow. Proportions are 
shown in Fig. 22. 

Example. —What are the dimensions of a i inch linear pitch 
double-thread worm which engages with a 50-tooth gear? 


Symbol 


Formula 

L.P. 


Predetermined 

P.D. 

ma 

2.400 X I 4- i-i 

O.D. 

na 

3.036 X I 4- i.i 

R.D. 

ESI 

1.664 X I + i.i 

H.D. 

oa 

X.664 X I 4- I 

max. B.D. 


I -H 0.625 

P.L. 


xx(4.5 + |2) 

H.E. 

■■ 

L.P. 

H.L. 

a 

5.5 4- 2 X I 

Ky. 

ma 

To A.G.M.A. Std. 

A. 

■a 

0.318 X I 

W.D. 


0.686 X I 

cot V.L, 

- 

3.5 X 3-1416 

2 

N.T.T. 

n 

0,5 X I X 0.9838 

T.Ro. 

BB 

0.05 X I 

L. 

aa 

1X2 

V.N.P. 

-1 

Predetermined 


Dimension 

as I in. 
or 3.5 in. 
or 4.136 in. 
or 2.764 in. 
or 2.664 in. -• 2 H 
or 1.625 

or 5.S in. 

or I in. 
or 7.5 in. 

or 0.318 in. 
or 0.686 in. 

or 0.49785 =» 10 degrees 19 minutes 

or 0.4919 in. 
or 0.05 in. 
or 2 in. 
as I4i degrees 


FORMULAS FOR STANDARD WORM GEARS 

The proportions recommended for worm gears are based on the 
gears meshing with standard worms. 



Fig, 25. —Proportions of Standard Worm Gears 





Table 26.—^Formttlas for Gear 


STANDARD WORM GEARS 
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Example. —What are the dimensions of a i in. linear-pitch gear 
having 50 teeth and engaging with a double-thread worm? The 
bore is 2 inches. 


Symbol Formula Dimension 

L.P. Predetermined i in. 

N. Predetermined SO 

P.D. « 0.3183 X I X SO or 15*915 in. 

T.D. « 1S.91S + (0.636 X i) or 16.SS1 in. 

O.D. « 16.551 4 - (0.4775 X i) or 17.028 in. 

H.D. « 1.87s X 2 or 3*750 in. 

« A.(j.M.A. Std. or J X i in. 

F.W. = 2.38 X I -|- *25 *=* 2.63 or 2t in. 

H.E. =s 0.25 X 2 'S' 0.5 in. 

H.L. * 2.62s -H 0.5 X 2 " 3*625 in. 

R.Pa. = 0.882 X I 4- o.ss = 1.43 or lA 

R.Ri. « 2.2 X I -f 0.55 •= 2.75 or 2I 

E.Ro. “ 0.25 X I “ 0.25 in. 

Ct.D. - 15*915 + 3*5 X 0.5 “ 9*707 in. 


Face of Wheel 

For wheels engaging with single- or double-thread worms, the 
width of face should not be greater than the chord of the worm 
outside circle which is tangent to the worm pitch circle plus one- 
half of the linear pitch. For wheels engaging with triple and 
quadruple thread worms, the width of face should not be greater 
than the chord of the worm outside circle, which is tangent to the 
worm pitch circle plus one-quarter of the linear pitch. 


Outside Diameters 

For wheels meshing with single- or double-thread worms: 

O.D. = P.D. -f- (3.5 X A), 

For wheels meshing with triple or quadruple thread worms, where 
the pressure angle is 20 degrees or greater: 

O.D. = P.D. + (3 X A). 

For wheels meshing with triple or quadruple thread worms, where 
the pressure angle is less than 20 degrees: 

O.D. = P.D. + (2.75 X A). 

Worm Pitch Diameter 

The worms, of course, must be made to correspond to the pitch 
diameter of the hob in order to secure proper contact. 

Length of Worm Face 

The length of the worm may be made in accordance with the 
formula for standard worms: 

F.L.-L.P. X (4.5+1)- 



WORM THREADS 303 


Hub Extensions 

The hub extensions may be made in accordance with the formula: 
H.E. = L.P. 

TOP ROUND OF WORM THREAD 

The radius which joins the outside and the sides of the rim of 
the wheel has been called the top round, and it is recommended that 
this be made equivalent to one-quarter the linear pitch. 

Figures 26 and 27 show application of recommendations. 

The top edge of the worm thread should in all cases be rounded 
to avoid cutting action in case the gears are not mounted on exact 
theoretical centers. The amount of the rounding may be made 
equivalent to 0.05 of the linear pitch. 

A.G.M.A. Recommended Practice for the Design of Worm Gearing: 
Using Existing Hobs 

For wheels meshing with single- or double-thread worms: 


F.W. " 2 X V'(P Dw. -h X A -t- (0.2s X L.P.) 

P.W. = 2 X V(P-Dw. -\- A) X A + (0.5 X L.P.) 
O.D. » P.Dg. -f iS X A 
T.Ro. »■ 0.2s X L.P. 



For wheels meshing with triple- or quadruple-thread worms: 
E.Ro. = 0.25 X L.P. 

Where the pressure angle is 20 degrees or greater: 

O.D. - P.Cg -f 2.7s X A. 

Where the pressure angle is less than 20 degrees: 

O.D. - P.Dg. + 3 X A. 

(See Lead Gears for Diametral Pitch Worms, Sec. I. 
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Table of Proportions of Worm Threads to Run in Worm 
Wheels 










Table 28.—Gashing Angles for Worm Wheels 


WORM WHEELS 
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WORM AND WORM 6 EAR TOLERANCES 

The standard practice adopted by the American Gear Manufac¬ 
turers Association, but subject to periodic revisions, is intended to 
form a practical basis upon which gears can be manufactured, 
inspected, sold, or purchased, although it is not necessarily a rigid 
specification. It is emphasized that ultimate performance is the 
final criterion in the acceptance or rejection of gears, regardless of 
whether they meet arbitrary tolerances. In other words, if gears 
run smoothly and carry their rated load without breakage or 
appreciable wear, they will be acceptable for many applications. 
But when gears fail to perform satisfactorily, definite inspection 
methods and tolerances are invaluable in locating the cause. 

An important consideration is that of the relation of cost to 
accuracy. Production of gears to the closer tolerances always costs 
more. In some instances stipulation of the closest tolerances when 
they are not needed may result in a cost several times what it 
should be. 

Profile errors of worm gear teeth cannot be measured directly 
because of the change in pressure angle across the face of the gear. 
So reliance is placed on observation of contact with a master worm 
or with a mating worm. This places responsibility on the judg¬ 
ment of the inspector. 

The pitch range considered is from i to 4 axial pitch, arranged in 
geometrical progression, such as i, J, i, 2 and 4. Tolerances for 
other pitches may be interpolated. The types of errors considered 
are runout, pitch error, accumulated error, and required initial area 
of contact. 

Pitch Error 

Pitch error of a worm is the maximum difference between any two 
successive tooth-to-tooth readings in an axial plane between corre¬ 
sponding sides of adjacent teeth. It refers particularly to multiple- 
thread worms because it indicates the spacing error between 
successive threads. 

In checking pitch errors of multiple-thread worms, an axial plane 
has been selected as the plane of measurement. Readings may be 
taken directly in this plane if the lead angle is low, but at higher 
angles it is preferable to set the indicator and finger to read in a 
plane normal to the threads, and to convert the readings to an axial 
plane for purposes of comparison and standardization by dividing 
by the cosine of the lead angle. 

Another method involves the use of master gage blocks to meas¬ 
ure directly from one tooth to another in an axial plane. 

Pitch error of a worm gear is the maximum difference between 
any two successive tooth-to-tooth readings taken in the plane of 
rotation at the pitch circle between corresponding sides of adjacent 
teeth. 

Profile Error 

Profile error of a worm tooth is the difference between the highest 
and lowest readings of a dial indicator moving along a path repre- 
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senting the desired tooth form. It may be measured in an axial or 
normal plane depending upon the basic tooth form selected. 

A considerable departure in form may be acceptable on a worm, 
provided a corresponding departure is present on the mating worm 
gear, as indicated by the area of initial tooth contact. Frequently, 
the form of the worm or the worm gear hob teeth are intentionally 
modified with respect to each other to concentrate the tooth Con¬ 
tact away from the top and bottom of the teeth. This should be 
given consideration in applying the profile tolerances, because 
obviously if there is a satisfactory contact between a worm and gear 
the profile error may be ignored. 

Profile error is substantially independent of worm diameter. 

Lead Error 

Lead error of a worm is expressed either as the total variation in 
lead for one convolution, or in the total length of the worm. In the 
latter case it is assumed that the worm is a reasonable amount longer 
than the minimum necessary to attain proper length of contact, in 
accordance with good design. 

Acctunulated Error 

Accumulated error of a worm gear is the maximum accumulation 
of pitch errors obtained by algebraic addition of tooth-to-tooth 
pitch errors. 

In deriving the accumulated error, the tooth-to-tooth pitch errors 
must be corrected with reference to the true pitch. 

Unless otherwise specified, accumulated error is checked over 
the entire 360 degrees, and expressed as the maximum error between 
any two teeth. In some cases it is measured only for one-half or 
one-third of a circle, and occasionally tolerances are set for accumu¬ 
lation over any three or four adjacent teeth. 

Required Initial Area of Contact 

The initial area of contact between a worm and worm gear is 
determined by operating the set at proper center distance, and side 
and angular relations, under average operating loads for a short 
time, then observing the contact on all the worm gear teeth. If 
means are not available for operating a worm and worm gear under 
load, the contact area must be judged by hand testing. In either 
case, the percentage of contact is a matter of judgment by eye, 
because precise methods of measuring such areas are not available. 

If the set is to operate in one direction only, then the contact need 
be checked only on the one set of profiles. 
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LINK-BELT SILENT-CHAIN DRIVE DATA 

Link-Belt silent chains may be run with equal eflficiency in either 
direction and are reversible. 

Where exceptionally quiet drives are required, use wheels with 
23 or more teeth, short pitch, wide chain; also recommended are 
encasing and running in oil. 

Most practical and economic chain speeds are between 1,000 and 
1,600 feet per minute. 

For drives under 1,000 feet per minute use roller chain; for drives 
over 1,600 feet per minute, submit your problem to the makers. 

Minimum center distance equals four-fifths difference in diameter 
of wheels. 

Speed ratios up to 15:1 are economical and practical. Higher 
ratios are possible, but a double reduction or speed reducer is more 
desirable for large ratios. 

Lubrication of chain is essential; always use a good grade of oil. 
Do not use grease. When run in oil bath the lowest point of the 
chain, while operating, should be immersed about J inch. 

Duplex or ‘‘back type” silent chain is arranged for operating 
sprocket wheels on both faces of the chain, permitting the operation 
of wheels either clock- or counterclockwise in the same drive. 

Any number of sprockets may be employed on either side of a 
single duplex chain. It is recommended that not less than a 90- 
degree arc of contact be provided for. 

The automatic adjustment and vibration damper maintains 
the correct operating tension on a chain drive, creating an ultra¬ 
smooth operation. It is especially desirable on fixed-center drives 
with the duplex chain. 

Recommendations for Design 

It is desirable to have an even number of links in the chain and 
an odd number of teeth in the sprockets. 

Use sprockets with more than 130 teeth only when necessary for 
large speed ratios. 

Adjustable centers are desirable but not always necessary. 

For very short centers without adjustment the pulling strand 
should be on top. 

For pulsating loads, such as compressors, spring sprockets are 
advisable unless sufficient flywheel is provided to maintain fairly 
uniform rotation. 

For occasional sudden overloads, shear pin sprockets should be 
used to safeguard the drive and all the machinery. 

Approximate weight of chain per foot per inch of width equals 
two times the pitch. 
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Approximate weight of armed wheels N X W X C. N = number of teeth. 

Approximate weight of solid pinions = (P plus W) X N* X K. W = width of face. 

P = pitch. 

♦ For complete horsepower and speed tables consult Link-belt Company. 
























The distinctive feature of construction is the rocker joint which provides rolling instead of friction in the joint. 
While 1,500 ft. minimum is common, much higher velocities are good practice under favorable conditions. 

Data to Be Used in Design of Morse Chain Drives 

With Small Sprocket Driver 


MORSE CHAIN DRIVES 
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* Under favorable conditions these figures can be exceeded somewhat, and under unfavorable conditions they must be reduced. 
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STANDARD ROLLER CHAIN DIMENSIONS 

Roller diameters are approximately f P. 

Widths .—The width is defined as the minimum distance between 
the inside plates. In the wide series the width is the nearest binary 
fraction to f P. In the narrow scries it is the nearest binary frac¬ 
tion to 0.41 P. The narrow chains are seldom used and are not 
recommended except for unusual cases. 

Pin diameters are approximately P or one-half of the roller 
diameter. 

Thickness of inside plates for the standard series is approximately 

iP. 



Table 32.—General Chain Dimensions 
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180^ 

P.D. of sprocket = P -7- sin where P is the pitch, and T is 
the number of teeth. 

Bottom diameter of sprocket == P.D. — roller diameter. 

/ i8o°\ 

O.D. of sprocket (minimum) = Pl 0.6 -f cot )• 
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Table 33.—Standard Pitch Diameters and Outside Diameters 
OF Sprockets, i-Inch Pitch Roller Chain 
For other pitches multiply these values by the pitch. 

To obtain bottom diameters subtract diameter of chain roller 
from pitch diameter. 

(All Dimensions in Inches) 
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2.9238 

3.347 

49 

15.6079 

16.176 

89 

28.3354 

29.918 

10 

3.2361 

3.678 

50 

IS.9260 

16.49s 

90 

28.6536 

29.236 

II 

3 .S 49 S 

4.006 

51 

16.2441 

16.813 

91 

28.9718 

29.554 

12 

3.8637 

4.332 

52 

16.5619 

17.132 

92 

29.2900 

29.873 

13 

4.178s 

4.657 

S 3 

16.8803 

17.451 

93 

29.6082 

30.191 

14 

4 .4940 

4.982 

54 

17.1984 

17.769 

94 

29.9264 

30.510 

IS 

4.8097 

S.30S 

55 


18.088 

95 

30.2446 

30.828 

16 

S.I 2 S 9 

S.627 

56 

17.8347 

18.406 

96 

30.5628 

31.146 

17 

5 .4423 

S. 9 S 0 

57 

18.1529 

18.72s 

97 

30.8811 

31.46s 

18 

S. 7 S 88 

6.271 

58 

18.4710 

19.044 

98 

Iwlggpgi 

31.783 

19 

6.0756 

6.593 

59 

18.7892 

19.363 

99 

31.5177 

32.102 

20 

6.392s 

6.914 

60 

19.1073 

19.681 

100 

31.8360 

32.420 

21 

6.709s 

7.23s 

61 

19.4255 

20.000 

lOI 

32.1543 

32.739 

22 

7.0266 

7 .SSS 

62 

19.7437 

20.318 

102 

32.4726 

33.057 

23 

7.3439 

7.875 

63 

20,0618 

20.637 

103 

32.7909 

33.376 

^4 

7.6613 

8.196 

64 

20.3800 

20.955 

104 

33.1091 

33 .694 

as 

7.9787 

8.S16 

6s 

20.6982 

21.274 

los 

33.4274 

34.012 

26 

8.2962 

8.836 

66 

21.0164 

21.593 

106 

33.7457 

34.331 

27 

8.6138 

9.156 

67 

21.3346 

21.911 

107 

34.0640 

34.649 

28 

8.9315 

9.475 

68 

21.6528 

22.230 

108 

34.3823 

34.968 

29 

9.2491 

9.795 

69 

21.9710 

22.548 

109 

34.7006 

35.286 

30 

9.5668 

10.I14 

70 

22.2892 

22.867 

no 

35.0189 

35.605 

31 

* 9.8845 

10.434 

71 

22.6074 

23.185 

III 

35.3371 


32 

10.2023 

10.753 

72 

22,9256 

23.504 

II 2 

35.655 


33 

10.5201 

11.072 

73 

23.2438 

23.822 

II3 

35.974 

36.560 

34 

10.8380 

ri.392 

74 

23.5620 

24.141 

II4 

36.292 

36.878 

35 

II.1558 

ir.711 

75 


24.459 

IIS 

36.610 

37.197 

36 

11.4737 

12.030 

76 

24.1984 

24.778 

116 

36.929 

37.515 

37 

U.7917 

12.349 

77 

24.5166 

25.096 

II7 

37.247 

37.833 

38 

12.1096 

12.668 

78 

24.8349 

25.415 

II8 

37.565 

38.15a 

39 

12.427s 

12.987 

79 

25.1531 

25.733 

119 

37.883 

38.470 

40 

12.7455 

13.306 

80 

25.4713 

26.052 

120 

38.201 

38.788 

41 

13.063s 

13.62s 

81 

25.7895 

26.370 

I 2 I 

38.519 

39 106 

42 

13.3815 

13.944 

82 

26,1078 

26.689 

122 

38.837 

39.425 

43 


14.263 

83 

26.4260 

27.007 

123 

39.156 

39.743 

44 

14.017s 

14.582 

84 

26.7443 

27.326 

124 

39.47s 

40.062 

45 

14.3356 

14.901 

85 

27.0625 

27.644 


39.794 

40.381 


Conversion of Number of Pitches to Inches and Feet 

In ordering chains, the exact length, including connecting link, 
should be specified in feet and inches, as well as in pitches. 

To convert pilches to feet, multiply the number of rollers by the 
pitch and divide by 12. To convert feet to pitches, multiply by 
12 and divide by the pitch. 











































































Table 34. —Recommended Sizes of Cutters for Block-Chain Sprockets 
(All Dimensions in Inches.) 
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GEARING 


MAXIMUM SPROCKET SPEEDS AND CHAIN VELOCITIES 


On May 4, 1935, the A.G.M.A. approved the maximum sprocket 
speeds (Table 35) and maximum chain velocities for various numbers 
of teeth in the smaller sprocket. Hitherto the maximum chain 
velocity has been considered to be about 1,600 feet per minute, 
regardless of the weight of the chain or the number of teeth in the 
sprocket. Also, the maximum revolutions per minute has been 
taken as 


Max. r.p.m. 


1,920 -/ A 
P V WfP 


regardless of the number of impacts of the roller per minute. P — 
pitch, A = projected area of the roller, and JVf = weight per foot 
of chain. 

Observations of many chain drives have shown that higher chain 
velocities are permissible under certain conditions and that lower 
sprocket speeds should be used under other conditions. The 
figures in the table are computed from three formulas, each express¬ 
ing a separate limiting condition affecting sprocket speeds and chain 
velocities. 

The upper figure in each square is the maximum number of 
revolutions per minute, and the lower figure is the corresponding 
maximum chain velocity which is found by multiplying the maxi¬ 
mum number of revolutions per minute by the product of the 
number of teeth and the pitch, and then dividing by 12. Figures 
in the upper leftrhand block are calculated from the formula: 


Max. r.p.m. 


2,000^/ A 
P 


based on the theory that the allowable energy of roller impact per 
tooth per minute should not exceed a certain maximum. P = 
pitch; A — projected area of the roller, and Wf — weight per foot 
of chain. 

Figures in the lower block are calculated from the formula: 


Max. r.p.m. 

based on the theory that the allowable energy of a single roller 
impact should not exceed a certain maximum. 

Figures in the upper right-hand block are calculated from the 
formula: 


Max. r.p.m. = 

based on the theoty that the maximum allowable centrifugal force 
for one chain link is proportional to the projected area of the roller. 
N “ number of teeth in smaller sprocket. 
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The tabulated fibres are in each case the least of those yielded 
by the three formulas. 

Examination of the table will show that, for chain No. 41 running 
over sprockets with not less than 54 teeth, the chain velocity can be 
as high as 3,195 feet per minute, while a 2 J-inch pitch chain over a 
Q-tooth wheel should not run at a velocity exceeding 450 feet per 
minute. Also, it will be seen that in the case of chain No. 50, 
operating over a 15-tooth sprocket, the maximum revolutions per 
minute is i,9cx5, whereas a 54-tooth sprocket has a permissible speed 
of only 1,028 revolutions per minute. 

Moving-Picture Projector Sprockets 

Both cameras and projectors for moving pictures require great 
accuracy in the gearing used. The standards of the Society of 
Motion Picture Engineers for 8-, 16- and 35-millimeter projector 
sprockets are given, together with the tolerances permitted, in 
Tables 36, 37, and 38. 

The standard speed for silent films is 16 frames per second, and 
for sound pictures, 24 per second. In the sound pictures the 
distance between the center of the picture and the corresponding 
sound is 20 frames on the 35-millimeter film, and 26 frames on the 
16-millimeter film, this being the spacing between the lens and the 
sound-reproducing apparatus. 



Table 35.—Maxxmum Revolutions per Minute and Maximum Chain Velocities 
POR American Standard Roller Chains 

Upper Figures Are Maximum Revolutions per Minute; Lower Figures Are Maximum Chain Velocities 

in Feet i>er Minute 
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1 Number of Teeth in Smaller Sprocket 

L 

N VJO 

H N 

0 0 

H 00 

CO CO 
M CO 

0 0 

M PI 
Cl M 
H CO 

00 to 
to On 
OnO 
CO 

H H 

CO 

Vt/> 
Otto 
to 0 
CO 

Otoo 

3-8 

Cl 

OQ to 
^00 
coo 

CO 

OnO 
CO'O 
CO 0 
ro 

M to 

Cl 

0 N»e 

Cl to 
PION 

V 

10 

0 

0 \ « 
v 

M PI 

to 
0 0^ 
V w 

H CO 

00 0 

OtM 
Cl Ot 
M Cl 

00 to 

Cl 00 

0 00 

M Cl 

00 0 
VO 
00 00 
Cl 

00 0 
CO to 
000 

Cl 

Cl 00 
OnnO 
VC" 
Cl 

P '00 

N 

Voo 

Cl 

V M 
NO to 
CO 00 
PI 

M 00 

0 0 

CO t' 
Cl 

0 0 

VO 

Cl P* 

N 

00 

Vi 

00 p. 
Vi PO 

w w 

00 CO 
00 p* 

0 

M C« 

to 00 

t'- ^ 
CO 

M M 

On Cl 
00 Cl 

0 t- 

M Cl 

00 t- 
On On 
OOO 
M 

00 

Cl 

N M 
Cl M 

to NO 

PI 

CO to 
to M 
vt' 

Cl 

88 
CO to 
Cl 

5 g 

CO'O 

PI 

2-2 

V 0 

PI V 

Cl 

to 

10 00 

C 00 
00 0 

H N 

to ct 
0 M 
'O'O 

M PI 

H 
NO M 

to rt- 
M Cl 

58 , 

N CO 
M Cl 

CO 00 
CInO 
0 CO 
M N 

55 

t' CO 
N 

CO <1 

On On 
to Cl 
Cl 

to to 

MOO 

to CO 
Cl 

O'O 
p* On 
CO On 

to CO 

SiS 

PI 

0 0 

Vto 

Cl 00 

N 

ro 

0 0 

V '«t 

00 

CO 00 
PI M 

00 V 

M « 

to 0 

00 V 
vO Cl 
M Cl 

to Cl 
CO Cl 
CO Cl 
M Cl 

0 0 
0 0 

M N 
M Cl 

00 to 

Cl On 

00 M 
Cl 

On N-. 
CO CO 

0 M 

Cl 

0 0 

PI 00 

to 0 

Cl 

0 00 

Cl 
CO 1 " 

to V 

Cl CO 
CO P- 

0 0 

VO 

Cl NO 

00 

ro 

0 00 

M M 

0 Vi 

to P' 

0 » Cl 
M M 

0 0 
0 0 

00 M 
M M 

NO 0 
N 00 
VO 

M PI 

0 0 

P '0 

M 0 
M PI 

to Cl 
00 CO 

00 0 

Cl 

to 0 
Voo 
0 00 

0 0 

N N 

to 00 

0 0 

P' M 
CO to 

too 

Cl M 

CO to 

0 0 

VO 

Cl V 

“V 

N 

0 0 
Voo 
M 0 

« M 

vO 0 

0 0 

C» N 

to 0 
V 
On On 

Cl to 
VCI 
to On 

0 to 
t- 0 

Cl On 

H M 

00 

Voo 
On 00 
H 

to N 

Vm 

00 

0 0 

Cl NO 
to to 

O'O 
P- On 

CON 

to 0 
Cl 0 
CO CO 

0 0 

VO 

N Cl 

H 

0 

ei 

Ifl ^ 
l/i M 

« M 

NO 0 

0 Cl 

CO Ov 
Cl M 

0 0 

CO 

M 

Cl M 

00 0 
coo 
0 c- 

M H 

Cl 0 
On V 
CO c- 
H M 

0 C' 

VnO 
On to 

to 

V V 
0 CO 

0 0 

Cl 0 
to CO 

M 

0 0 

C'OO 

CO 0 

to CO 
PI 00 
CO 0 

M 

0 0 

VO 

«l 0 

H 

« V 
\0 M 

>o V 

Cl H 

0 0 
0 r- 
to 

M M 

0 "t 

M CO 
CO'O 
PI M 

0 0 

CO Cl 

coo 

H M 

0 V 
0 00 
to to 

0 0 
Vco 
On CO 

to to 
V V 
NO H 
M 

0 V 
Cl 0 
to M 

0 c^ 

CO a 

to Cl 
PI Cl 
CO On 

00 

Vto 

Cl 00 

'O 

CO 

M 

0 00 

00 M 

to t>- 

Ct M 

M « 
CO to 

Cl M 

to 0 
00 

00 to 

H M 

§8 
to to 

0 V 
V to 
On N 

to to 
V C' 

0 0 

0 0 

Cl V 
to 0 

0 V 
p "0 
CO 00 

to P* 
CIO 
CO 00 

38 

Cl 00 

Wi 

to 0 

CO CO 
00 CO 
C< M 

TftO 
to to 
'O'O 

« M 

0 V 

nO CO 
Tl-t/) 
Cl M 

0 0 

0 00 
On V 

M M 

0 t'* 
0 0 
to V 

M M 

0 CO 
V 

Onm 

H 

to 0 

0 0 

0 

PI p- 

to On 

0 0 

P* M 
CO 00 

to CO 

Cl M 
CO 00 

00 

vto 

PI p' 

H 

to Tf 

CO 00 

0 » ct 

C^ M 

Tf Vi 

to 'O- 
0 to 

Cl M 

P* to 
MO 
to -tj- 

Cl M 

0 V 
0 00 

M M 

0 CO 
0 M 

to CO 

0 C" 
VOn 
OnO 

to 0 
V V 
NO On 

0 0 

PI M 

to On 

O'O 
P' to 
CO P' 

1000 
Cl to 
CO p' 

0 0 

VO 

N P* 

PO 

H 

CO 00 

Vco 
0 Cl 

CO M 

V 
to CO 
>o 

Cl M 

0 
mnO 
to CO 

Cl M 

0 

Bn'S 

M M 

0 0 ! 
0 Cl 
to PI 

0 On 
Vm 

OnO 

H 

to Cl 
Vr^ 
000 

0 to 
Cl V 
to 00 

0 Cl 

p' 0 

CO p' 

to V 
Cl 0 
CO P' 

0 0 

V to 

Cl 0 

M 

M 

5 ^ 

0 0 

CO M 

't CO 

to M 
>0 Cl 
ct M 

0 

to M 

Cl M 

0 On 
6 00 
00 

H M ^ 

0 Cl 
0 CO 
to 0 

0 Cl 
V'O 
OnOO 

tooo 1 
V CO 

0 

0 to 

Cl M 

to c^ 

88 
CO to 

to to 

PI Ol 

CO to 

0 0 
vto 

Cl to 

0 

000 

CO 

'e CO 
to o> 
0 Ot 

<1 

Cl 
M 'll- 

to On 
(1 

0 0 
0 0 
000 

§3 

1000 

H 

0 to 
V 0 
ONt-* 

to V 
VO 

00 

0 to 

Cl 00 

to to 

O'O 
P '00 
CO V 

to P* 
Cl 00 
CO V 

0 0 
vto 

N V 


5^ 

OvO 

CO 

Tf-CI j 
to P« 
vO t- 

Cl 
M CO 
to P> 
Cl 

2 X 

0 Ol 

O'O 1 

M 

too 

0 On 
V V 
On to 

to 0 1 
V t" 

0 V 

0 to 
Cl to 
to V 

0 00 

p' p' 
CO CO 

to On 

Cl P- 
CO CO 

%Si 

Cl CO 

RoU 

Diam¬ 

eter 

« 

d 

'O 

0 

CO 

0 

< 

§ 

V 

0 

Hn 


•iM 

HM 

- 

HH* 

M 

< 

M 

1 

s 

MM 

- 

•4. 


"N 

H 

M 

M 

•tw 

PI 

rin 

PI 

(3 

1 

d 

Z 

:z: 

to 

to 

M 

■V 

% 

0 

to 

$ 

5 

8 

H 

0 

1 

H 

1 

5 

H 

8 

PI 




PROJECTOR SPROCKETS 


317 



Table 36.— American Standard for 8-Millimeter Film 
8-Tooth Projector Sprockets 



Millimeters 

Inch Equivalents 

A 

5,72 ± 0.03 

0. 225 ± 0.001 

B 

9.42 -f 0.00 
- 0.05 

0.371 + 0.000 
— 0.002 

C 

1.02 -f 0.00 
— 0.0$ 

0.040 -f 0.000 
— 0.002 

D 

1.14 -f- 0.08 
— 0,00 

0.045 + 0.003 
— 0.000 

E 

45V : 

t o.s' 


Recommended Practice 


1 

f 

2.54 

0.100 

s 

0.13 

0.005 

t 

0.51 

0.020 

u 

11.33 

0.450 





Table 37. —American Standard for i6-Millimeter Film 
Projector Sprockets 



N 

B 

E 


Number of Teeth 

in Mesh 


3 

4 

5 

6 

C 

C 

C 

C 

Mm. 

In. 

Mm. 

In. 

Mm. 

In. 

Mm. 

In. 

Mm. 

In. 


6 

14.3810.566 

6o®o' 

±0.5' 

1.02 

0.040 







(0 

8 

19.23 

0.757 

45 V 

± 0 . 5 ' 

1.02 

0.040 

0.91 

0.036 





£ 

12 

28.93 

1.139 

30°o' 

±0.5' 

1.02 

0.040 

0.91 

0.036 

0. 79 

0.031 

0 69 

0.027 


16 

38.63 

1.521 

22“30 

±0.5' 

1.02 

0.040 

0.91 

0.036 

0.79 

0.031 

0.69 

0.027 
















6 

14.15 

0.557 

60 °o' 

± 0 . 5 ' 

1.02 

0.040 







a);2 

8 

18.92 

0.745 

45 °o' 

±0.5' 

I . 02 

0.040 

0.91 

0.036 





12 

28.50 

1.122 

30°o' 

± 0 . 5 ' 

1.02 

0.040 

0.91 

0.0360.79 

0.031 

0.69 

0.027 

Ha 

16 

38.0s 

1.498 

2 2®30 

±0.5' 

I .o 2 ;o. 04 o 

0.91 

0.036 

0.79 

0 031 

0.69 

0.027 


6 

14.30 

0.563 

6o°o' 

±0.5' 

I. 09 jo .043 







e-S 

8 

19.13 

0.753 

45V 

±0.5' 

I.090.043 

1.02 

0.040 





0 C4 

12 

28.78 

1 . 133 ! 

30 °O^ 

±o.5'j 

1.090.043 

1.02 

0.040 

0.94 

0.037 

0.86 

0.034 

0 C 

16 

38.43 

I.SI3’ 

22°30' 

' ±0.5'“ 

1.09I0.043 

1.02 

0.040 

0.94 

0037 

0.86 

0034 




Millimeters 

Inch Equivalents 


A 

12.22 0.05 

— 0.00 

0.481 -f 0,002 
— 0,000 


D 

1.22 -f- 0.00 

0.048 + 0 000 

For All 


— 0.08 

- 0.003 

Sprockets 

r 

s 

1.27 

0.08 

0.050 

0.003 


t 

B — 0.3, Max. 

B — o.oi, Max. 


u 

1.00 

0.039 


V 

B -b 1.52, Max. 

B -b 0.060, Max. 


Notes 


N =» number of teeth on sprocket. 

Tolerance for B and C, -f-o.ooo to —0.025 millimeter, or -4-0.000 to 
— 0.001 inch. 

Dimensional standards indicated by capital letters. 

Recommended practice indicated by lower case letters. 

Values of C are omitted in cases where the angle of wrap on the sprocket 
would exceed 180 degrees. 
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GEARING 


Rack Teeth 

Rack teeth are generally cut with a gang of circular gear cutters, 
or by the Fellows gear-shaping method, in which the rack is fed past 
the reciprocating cutter at the proper rate to generate the teeth, as 
with a gear. The Fellows machines have independent motors for 
each function. The main drive motor is 3 horse-power; table 
traverse, i horse-power; depth of feed, J horse-power; and the 
coolant pump, J horse-power. The ram speed varies from 66 to 
403 strokes per minute. 

Racks are sometimes cut in a regular shaper, using a form tool 
and suitable means for spacing the distance between the teeth. 

Measurement of Racks 


In measuring a rack, the distance that a 1.728 inch diameter wire 
projects above the pitch line of the teeth for a i diametral pitch 
rack is as follows: 


Degrees 

I 14J 


20 

25 

30 

Inches. 

1.2779 

1.2463 

1.2323 

I. 2241 

1.2316 


For any other diametral pitch {p) divide the values by p and use 

wires inches in diameter. 

P 

To find the distance the wire projects above the tops of the teeth 
of a rack subtract i from the above values. 




SECTION IX 


TURNING AND BORING 

Turning and boring include some of the most important shop 
operations, from heavy roughing cuts to the single-point boring 
now used in much precision work. Single-point tools are being 
standardized as to both shapes and nomenclature. Cemented 
carbide tips are also standardized in size and are becoming more 
economical on much work. Except in extremely heavy work, such 
as tire turning, standard toolholders and bits are common practice. 

SINGLE-POINT TOOLS 

The following definitions of single-point tools and their cutting 
angles were adopted in June, 1938: 

Terminology and Definitions—Single-Point Cutting Tools: 
for Lathes, Planers, Shapers, Turret Lathes, Boring Mills. Etc. 

Tool Elements 

Size.—The size of a tool of square or rectangular section is expressed by 
giving, in the order named, the width of shank, the height of shank, and the 
total tool length, in inches, such asj X li X 12 inches. The same method 
of designation is used for tool bit holders to which is added the size of the 
bits. 

Shank.—The shank is that part of the tool on one end of which the point 
is formed or the tip or bit is simported. The shank in turn is supported 
on the tool post of the machine, Figs, i, 2, and ^ (see American Standard for 
toolholder shanks and tool-post openings. Sec. XVIII). 

Base.—The base is that surface of the shank which bears against the 
support and takes the tangential pressure of the cut, Pigs, i, 2, and 3. 

Heel.—The heel is the edge between the base and the flank immediately 
below the face, Figs, i, 2, and 3. 

Face.—The face is that surface on which the chip impinges as it is cut 
from the work. 

Point.—The point is all that part of the tool which is shaped to produce 
the cutting edges and face. 

Cutting Edge.—The cutting edge is that portion of the face edge along 
which the chip is separated from the work. The cutting edge consists 
usually of the side-cutting edge, the nose radius, and the end-cutting edge. 
Figs. I, 2, 4, and 5. 

Nose.—The nose is the curve formed by joining the side-cutting and 
end-cutting edges. 

Shape.—The shape of the tool is the contour of the face when viewed in 
a direction at right angles to the base. 

Flank.—The flank 01 the tool is the surface or surfaces below and adjacent 
to the cutting edge, Fig. i. 

Neck. —The neck is an extension of the shank of reduced sectional area. 
A relatively small point, as required in boring, is sometimes attached to the 
shrink by a neck. Pig, 4. 

F^at.—The flat is the straight portion of the cutting edge intended to 
produce a smooth machined surface. Pig. $. 

S21 



322 


TURNING AND BORING 


Chip Breaker or Control.—The chip breaker is an irregularity in the face 
of a tool, or a separate piece fastened to the tool or toolholder, to cause the 
chip to break into short sections or curl. Fig. 6. 

Types of Tools 

Ground Tool.—A ground tool is one in which the point is formed on the 
end of a bar (shank) of tool steel by grinding. Fig. i. 



Too/bii 


Too/ho/o/er 
shan/<\ 



Too/ /jo/o/er ang/e 

Fig, 3 


Base 



C/iip breaker 



Section A-A 

Fig. 6 





Face'^ 


^Neck 

~^<^se 4 



S/c/e cuffing -edge ang/^ 


En<p/re//ef ang/e^^ _j 

Eno/c/earance ang/eJJpf^ 

^^Base 

Fig. 5 


Figs, i to 6 .— Single-Point Tools 


Forged Tool.—A forged tool is one in which the point is forged roughly to 
shape on the end of a bar (shank) of tool steel before hardening and grinding, 
Fig.;2. 

Tipped Tool.—A tipped tool is one with a tip of cutting material, perma¬ 
nently attached to a shank of noncutting material. The tip is ground to 
form the cutting edges and face of the tool. Figs. S and 6. 

Curved Cuttmg-Edge Tool.—A curved cutting-edge tool has variable 
side-cutting-edge angles, Fig. 2. 

Raised-Face Tool.—A raised-face tool is one having its face above the 
top of the shank. Forged tools, as in Fig. 2, frequently have the face 
raised above the shank top so that less material need be removed in regrind¬ 
ing the point. The details of forged tools should be shown by drawings. 
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Bit Tool.—A bit tool is one in which small parts of the tool materials, of 
square, rectangular, or other section, or forged to special shapes, are held 
in the end of a holder or shank. Fig. 3. 

Toolholder.—A toolholder is a tool shank designed to hold a removable 
point or tool bit. Fig. 3. 
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Figs. 7 to 12.—Angles of Single-Point Tools 


Tool Bit.—A tool bit is a relatively small piece of cutting material, clamped 
in a tool shank or holder in such a way that it can readfly be removed and 
replaced. Figs. 3, 76, and 9. 

Straight Tool.—A straight tool has the point on the forward end of a 
straight shank. Figs, i and 5. 

Bent Tool.—A bent tool has the point bent to the left or right, Figs. 
70 and 76, to make its operation more convenient. These tools are called 
left-bent tools if the point is bent to the left when looking at the tool from 
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the point end with the face upward and the shank pointing away, and vice 
versa. 

Offset Tool.—An offset tool has the point at either side of, but parallel 
to, the shank. It is known as a right-offset tool if the point is offset to the 
right of the shank when looking at the tool from the point end with the 
face upward and the shank pointing away. Figure 8 illustrates a left- 
offset tool. 

Right-Cut Tool.’—A right-cut single-point tool is one which, when 
viewed from the point end of the tool, with the face up, has the cutting 
edge on the right side. Figs, i, 2, 4, 7a, 76, and 10. 

Left-Cut Tool.-;—A left-cut tool has the cutting edges on the left when 
looking at the point end with the face upward. Figs. S, 6, 8, and 9. 

End-Cut Tool.—An end-cut single-point tool is one having its principal 
cutting edge on the end. 


Tool Angles 

Toolholder Angle.—The toolholder angle is that angle between the bottom 
of the bit slot and the base of the toolholder shank. Fig, 3. 

Shank Angle.—The shank angle is the angle by which the point of a bent 
tool deviates from the straight portion of the shank. Figs. 7 and 12. 

Back-Rake Angle.—The back-rake angle is the angle between the face 
of a tool and a line parallel to the base of the shank or holder measured in a 
plane parallel to the center line of the point and at right angles to the base. 
The angle is positive if the face slopes downward from the point toward the 
shank and is negative if the face slopes upward toward the shank, Fig. 9. 

Side-Rake Angle.—The side-rake angle is the angle between the face of a 
tool and a line parallel to the base. It is measured in a plane at right 
angles to the base, and at right angles to the center line of the point. Fig. 9. 

Relief Angle.—The relief angle is the angle between a plane perpendicular 
to the base of a tool or tool holder and the ground portion 01 the flank 
immediately adjacent to the cutting edge. Figs. 5 and 9. 

Side-Relief Angle.—The side-relief an^le is the angle between the portion 
of the flank immediately below the cutting edge and a line drawn through 
this cutting edge perpendicular to the base. It is measured in a plane at 
right angles to the center line of the point. _ 

End-Relief Angle.—The end-relief angle is the angle between the portion 
of the end flank immediately below the cutting edge and a line drawn 
through that cutting edge perpendicular to the base. Figs. 5 and 9. It is 
measured in a plane parallel to the center line of the point. 

Clearance Angle.—The clearance angle is the angle between a plane per¬ 
pendicular to the base of a tool and that portion of the flank immediately 
adjacent to the base. The side clearance angle is measured in the plane 
of the side-rake angle. The end clearance angle is measured in the plane 
of the back-rake angle, Figs. 5 and 9. 

The surfaces of the tool below the cutting edge are usually forged or rough 
ground before hardening so as to reduce the amount of grinding on the 
flank. Fig. 2. The ground flank sometimes extends to the heel. Fig. i, in 
which case there is no clearance. 

Side-Cutting-Edge Angle.—The side-cutting-edge angle is the angle 
between the straight side-cutting edge and the side of the tool shank. Fig. 10. 
In the case of a bent tool this angle is measured from the straight portion of 
the shank. 

End-Cutting-Edge Angle.—The end-cutting-edge angle is the angle 
between the cutting edge on the end of the tool and a line at right angles 
to the side edge of the straight portion of the tool shank. Fig. 10. 

As the setting angle is changed, the relation of the end-cutting edge to 
the work also is changed. See under “Working Angles.” 

Nose Angle.—The nose angle is the angle included between the side¬ 
cutting edge and end-cutting edge. Fig. 10. 

Working Angles 

Working Angles.-^The working angles are those angles between tool and 
work, which depend not only on the shape of the tool, but also on its posi¬ 
tion with respect to the work. Fig. ii. 

i When such a tool is used in an engine lathe, the cutting edge is on the 
left side. It is fed into the work from right to l^t. as when cutting a right- 
hand screw thread. 
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Settinff Angle.— The setting angle is the angle made by the straight por¬ 
tion of the shank of a tool with the finished surface of the work, Fig. 12. 

Entering Angle.—The entering angle is the angle which the side-cutting 
edge of a tool makes with the finished surface of the work, Figs. 7a and 12. 

True-Rake Angle.—The true-rake angle (or “top-rake”), under actual 
cutting conditions is the actual slope of the tool face toward the base from 
the active cutting edge in the direction of chip flow. It is a combination of 
the back-rake and side-rake angles and varies with the setting of the tool 
and with the feed and depth of cut. Fig. ii. 

Cutting Angle.—The cutting angle is the angle between the face of the 
tool and a tangent to the machined surface at the point of action. It equals 
90 deg. minus the true-rake angle, Fig. ii. 

Working-Relief Angle.—The working-relief angle is the angle between 
the ground flank of the tool and a line tangent to the machined surface 
passing through the active cutting edge. Fig. ii. 

Working-End—Cutting-Edge Angle.—The working-end-cutting-edge angle 
is the angle between the straight-end cutting edge and a plane tangent to 
the machined surface at the point of cutting. 

Lijp Angle.—The lip angle is the included angle of the tool material between 
the face and the ground flank measured in a plane at right angles to the 
cutting edge. When measured in a plane perpendicular to the cutting edge 
at the end of the tool, it is called the end hp angle. When measured at the 
point of chip flow, it is called the true lip angle. Fig. 11. 

General Terms 

Cutting Speed.—The cutting speed is the peripheral or surface speed of 
the work with respect to the tool. In turning, it is usually nieasured on the 
uncut or work surface of the work ahead of the tool. See Fig. ii. 

Example. —Cutting speed 5 in turning in feet per minute =» 3 . 14160 ^ 
in which D =» diameter of work in feet. 

N « revolutions per minute of work. 

Depth of Cut.—The depth of cut is the distance between the bottom of the 
cut and the uncut surface of the work, measured in a direction at right angles 
to the machined surface of the work, Figs. 7. 8 , ii, and 12. This is the 
difference in height between the machined and work surfaces. 

Feed.—The feed is the relative amount of motion of the tool into the work 
for each revolution, stroke, or unit of time. Fig. 12. 

Machined Surface.—The machined surface is the surface left by the 
cutting tool, Figs, 7, 8, ii, and 12. 

Work Surface.—The work surface refers to the surface to be machined. 
Figs. 7, 8, II, and 12. 


Symbols 

Recommended Symbols.—A recommended system of symbols for brevity 
in catalogs, purchase orders, etc., follows: 

RC-S —Right-cut, single-point tool, with straight shank, Fig. i. 

LC-S —Left-cut, single-point tool, with straight shank. Fig. 5.. 

RC-RB —Right-cut, single-point tool, with right-bent shank. Fig. 76. 
RC-LB —Right-cut, single-point tool, with left-bent shank. Fig. 7a. 
LC~RB —Left-cut, single-point trol, vnth right-bent shank. 

LC-LB —Left-cut, single-point tool, with left-bent shank. 

RC-RO —Right-cut, single-point tool, with right offset shank. 

RC-LO —Right-cut, single-point tool, with left offset shank. Fig. 8. 

LC-RO —Left-cut, single-point tool, with right offset shank. 

LC-LO —Left-cut, single-point tool, with left offset shank. 

Figure 13 shows the similarity between the best known cutting 
tools. 


CONSTANTS FOR CUTTING TIME 

An estimate of the time required for turning or boring work is 
often necessary. Multiplying the diameter in inches by 3.1416 and 
dividing by 12 gives the circumference in feet. Dividing the length 
of the cut in inches by the rate of feed per revolution gives the 
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number of turns the piece must make. Multiplying the circum¬ 
ference by the number of revolutions gives the number of feet of tool 
travel. Dividing this by the cutting speed in feet per minute gives 
the actual cutting time in minutes. 
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Fig. 13. —Names of Parts of Various Cutting Tools 


The figuring can be resolved into the following formula: 

Diameter X 3.1416 X length in inches ^ 

--—— 7 v^ f - 1 . - ♦ —r- = time in minutes. 

12 X speed X feed m inches 


The knovm factors in the case can be resolved into a constant 
which is directly dependent on the feed and speed; hence, a table 
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covering a wide range of speeds and feeds is necessary for their 
proper use. 

One part of the table gives constants for two cuts at and 
^-inch feed, up to i- and i-inch feed, at any speed from 20 to 65 
feet per minute. The rest of the table gives constants for one 
cut at ^-inch feed up to and including J-inch feed, also at any speed 
from 20 to 65 feet per minute. 

A typical computation is as follows: 

A piece 4 inches in diameter, 10 inches long, is turned with two 
cuts at and ^-inch feed, each with a cutting speed of 20 feet 
per minute. Diameter X length in inches X constant = time in 
minutes. 4 X 10 X 0.6283 = 26 minutes. 

If, for the purpose of accuracy it is thought advisable, in connec¬ 
tion with these two cuts, to run another cut over, the constant 
0.6283 is added to a constant for the third feed used. If this feed is 
^ inch, then we have 0.6283 -f- 0.8378 = 1.4661, the constant for 
three cuts, one of one pf and one of ^-inch feed. 

Table i.—Constants for Cutting Time in Minutes 


Feed, 

Cutting Speed, in 

Feet per 

Minute—Turning 

in Inches 

20 

25 

30 

35 

45 

55 

6s 

Two cuts at; 








A and it 

1.257 

1.005 

0.8378 

0.7181 

0.5581 

0.4572 

0.386 

A and if 

0.6283 

0.5027 

0.4189 

0.3590 

0.2793 

0.2286 

0.193 

if and * 

0.3142 

0.2513 

0.2094 

0 .1795 

0.1396 

0.1143 

0.097 

i and i 

0 .1571 

0.1257 

0.1047 

0.0898 

0.0698 

0.0571 

0.048 

One cut at: 








A 

0.8378 

0.6702 

0.5585 

0.4787 

0.3723 

0.3046 

0.257 

A 

0.4189 

0.3351 

0.2793 

0.2394 

0.1862 

0.1523 

0.128 

A 

0.2094 

0.1676 

0.1396 

0.1197 

0.0931 

0.0761 

0.064 


0.1047 

0.0838 

0.0698 

0.0598 

0.046s 

0.0381 

0.032 

i 

0.0524 

0.0419 

0.0349 

0.0299 

0.0233 

0.0191 

0.016 


The cutting speeds given were selected so that many others can 
be easily secured. Constants for any multiple of these can be 
found by dividing these constants by the multiplier used. Thus 
constants for 200 feet per minute are found by dividing those given 
in the 20 column by 10. For 195 feet cutting speed divide the 
constants in the 65 column by 3. For 210 feet divide constants in 
the 35 column by 6. 

Table Has Wide Applications 

There is hardly a combination of feeds and speeds that is not 
possible to secure by inspection from Table i. By interpolation 
an added number can be secured. 

The table can be adapted, on account of its wide range, to the 
known individual performance of any lathe or boring mill in the 
shop. No slide rule or any special operations are necessary to 
secure the desired results, merely a knowledge of multiplication. 
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For flange facing it is possible to use the table with the same ease 
as for boring and turning by figuring on the mean diameter. 


Rotary Cutting Speeds 


An easy method of calculating the cutting speed of a lathe tool 
or boring cutter is to divide the number of revolutions by 4 and 
multiply by the diameter in inches. This gives the approximate 
speed in feet per minute. This also applies to milling cutters. 

Let D — diameter of work, cutter or boring bar. 

N = revolutions per minute. 

C ~ cutting speed in feet per minute. 


N 

C DX — 

4 


N = 


4 X C 
D 


D = 


4 X C 
N 


Figuring Turning Speeds 

A short-cut rule for quick mental calculation of turning speeds 
on a lathe or boring mill is: Multiply one-half the revolutions (per 
minute) by half the diameter (in inches). Add i for every 25 in 
the product. This result is the cutting speed in feet per minute. 

Example. —What is the cutting speed on a i^-inch diameter at 
400 revolutions per minute? 

Solution. —200 X I = 150; 150 4- 25 = 6; 150 + 6 = 156 feet 
per minute. 

Frequently the following statement of the same formula is 
more convenient, as it avoids dividing the diameter, which some¬ 
times makes a troublesome fraction: Multiply one-quarter the 
revolutions (per minute) by the diameter (in inches). Add i 
for every 25 in the product. The result is the cutting speed in 
feet per minute. 

Example. —What is the cutting speed on a li-inch diameter at 
440 rev. per minute? 

Solution. —no X f = 124; 124 25 = 5; 124 -j- S = 129 feet 

per minute. 

To see how closely this “rule of thumb” formula approximates 
the theoretical formula in accuracy, reduce both to similar terms 
in the latter example: 

Practical formula: i X 440 X | X iA> o** 44° (revolutions) X 
f (diameter) X 0.260. 

Theoretical formula: 3.1416 X 440 X | X or 44° (revolu¬ 
tions) X t (diameter) X 0.262. 

This comparison shows that when both formulas are reduced 
to similar terms, the discrepancy between the “constants” is only 
the difference between 0.260 and 0.262. This difference represents 
the amount of error, which is usually so much less than the error in 
roughly measuring the diameter or the revolutions per minute 
that it is negligible. Tables 2, 3 and 4 will save time. 


Lathe Tool Tests 

In testing steels for lathe and similar tools it has become custom¬ 
ary to use standard material, speeds, feeds, and depth of cut. In 
some cases tools are run until they break down; in others, they are 
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passed if they stand up for a specified time. A 20-point carbon 
steel is often selected and cuts i inch deep with 1^- to J-inch feed at 
cutting speeds of from 60 to 90 feet per minute. 

The United States Navy Department specifies that a J-inch lathe 
tool shall stand up for 20 minutes with a 3^-inch cut and ^-inch 
feed at 60 feet per minute without regrinding; the material must be 
at least 80,000-pound tensile, and 50,000-pound elastic limit with a 
25 per cent elongation in 2 inches. The steel is annealed before 
the test. 

Accurate Tool Setting with Compound Rest 

A compound rest fitted with a micrometer dial may be used to 
take very minute cuts by swiveling the rest to the proper point. 
Starting with the rest set to feed straight in and moving to the 
right, the in-feed will be the cosine of the angle. If the rest is 
moved 30 degrees from center, the in-feed, or cut taken, will be 
0.86603 of the feed as shown on the dial. Or, for every 0.001 in. 
on the dial the actual in-feed is 0.000866 in. at 30 deg. With a 60 
deg. setover the actual advance is one-half the amount shown on 
dial. The formulas are: 

A = actual advance of tool in radial direction. 

B = amount removed on diameter of work = 2A. 

C — number of degrees of setover of compound rest, from center. 

D = advance as read on dial in 0.001 of inch. 

A = D X cos C. B - 2A. 

A . A 

cos of C = 2^ or C = angle whose cos is 

Cutting Lubricants 

Cast iron is usually worked dry, but when hard cast-iron gears 
are to be cut, as with three cutters, the first cut through will work 
better with strong soda water. It makes an objectionable mess, 
but the work will be done faster and the cutters keep sharper longer 
than with the dry process of cutting. 

Brass and babbitt are usually cut dry, but to hand-ream brass and 
babbitt is sometimes difficult if the reamer is a little dull. Kerosene 
and turpentine are used with good results. Cast iron can be hand- 
reamed easily with tallow and graphite, mixed, and the hole will 
be kept just the size of the reamer. Copper can be worked well 
with lard oil and turpentine mixed. 

In boring babbitt bushings and rod boxes in a lathe or boring 
mill, it is very difficult to work the material dry as the chips ha^'^e a 
great tendency to roll around the tool and into a hard ball, tearing 
the metal and. making a rough ragged hole. In this case kerosene 
and lard oil mixed will work well. 

Turpentine is good in some cases where fitting is done, such as 
scraping lay-out plates, or face plates. Oil will form a coating so 
that marks cannot be seen plainly, but turpentine will prove bene¬ 
ficial on this kind of work if used freely. The marks can be seen 
plainly, and the work is a great deal easier to scrape than with an 
oil surface, as the oil glazes over the surface and makes it hard to 
start the scraper cutting. 



Table 2.—Cutting Speed Conversion Table 
Surface Feet to Revolutions per Minute 
Feet p>er Minute 

Higher cutting speeds are easily found by multiplication. For 150 feet, use the 50 column and multiply by 3, or use the 75 
column and multiply by 2. For 350 feet, use 70 column and multiply by s. 
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Table 4 .—^Lathe and Boring-Mill Time 


Cutting Speedy Feet per Minute 


Diam. 

of 

Work 


25 



30 


Feeds, Inches per Rev. 

Feeds, Inches per Rev. 


Ar 

* 


h 

A 

1 


h 

2 

8.042 

2.on 

1.005 

0.S03 

6.702 

1.67s 

0.838 

0.419 


10.053 

2.513 

I. 257 

0.628 

8.378 

2.094 

1.047 

0.524 

3 

12.064 

3.016 

1.508 

0.754 

10.053 

2.S13 

1.2^ 

0.628 

3i 

14.074 

3.519 

1.759 

0.880 

n .729 

2.932 

1.466 

1.6761 

0.733 

4, 

16.08s 

4.021 

2.on 

1.005 

13.404 

3.351 

0.838 

Ah 

18.096 

4.524 

2.262 

1.131 

15.080 

3.770 

1.88s 

0.942 

S 

20.106 

5.027 

2.513 

1.257 

16.755 

4.189 

2.094 

1.047 

Sh 

22.117 

5.529 

2.76s 

1.382 

18.431 

4.608 

2.304 

1.152 

6 

24. 127 

6.032 

3.016 

1.508 

20.106 

5.027 

2.S13 

1.257 

6i 

26.138 

6.535 

3.267 

1.634 

21,782 

5.445 

2.723 

1.361 

7 

28.149 

7.037 

3.519 

1.759 

23.457 

5.864 

2.932 

1.466 


30.159 

7.540 

3.770 

1.88s 

25.133 

6.283 

3.142 

1.571 

8 

32,170 

8.042 

4.021 

2.011 

26.808 

6.702 

3.351 

1.676 


34.181 

8.545 

4.273 

2. 136 

28.484 

7.121 

3.560 

1.780 

9 

36.191 

9.048 

4.524 

2.262 

30.159 

7.540 

3.770 

1.88s 


38.202 

9.550 

4.775 

2.388 

31.835 

7.959 

3.979 

1.990 

10 

40.212 

10.053 

5.027 

2 SI3 

33.SIO 

8.378 

4.189 

2.094 

lOj 

42.223 

10.556 

5.278 

2.639 

35.186 

8.796 

4.398 

2.199 

II 

4f 234 

11,058 

5.529 

2.76s 

36.861 

9.215 

4.608 

2.304 

Hi 

46.244 

11.561 

5 .781 

2.890 

38.537 

9.634 

4817 

2.499 

12 

48.255 

12.064 

12.566 

6.032 

3016 

40.212 

10.053 

5027 

2.S13 

I2i 

50.266 

6.283 

3.142 

41.888 

10.472 

5.236 

2.618 

13 

52.276 

13 069 

6.535 

3.267 

43.564 

10,891 

5.445 

2.723 

i3i 

5^287 

13.572 

6,786 

3.393 

45.239 

n.310 

5.655 

2.827 

14 

SO.297 

14.074 

7.037 

3.519 

46.915 

il.729 

5.864 

2.932 

I4i 

58.308 

14.577 

7.289 

3.644 

48.590 

12.148 

6.074 

3.037 

IS 

60.319 

15.080 

7.540 

3.770 

SO . 266 

12.566 

6.283 

3.142 

isi 

62.329 

15.582 

7.791 

3.896 

51.941 

12.98s 

6.493' 

3.246 

16 

64.340 

16.085 

8.042 

4.021 

53.617 

13.404 

6.702 

3 .351 

16^ 

66.351 

16.588 

8.294 

4.147 

55.292 

13.823 

6.912 

3.456 

17 

68.361 

17.090 

8.545 

4.273 

56.968 

14.242 

7.121 

3.560 

I7§ 

70.372 

17.593 

8.796 

4.398 

58.643 

14.661 

7.330 

3.66s 

18 

72.382 

18.096 

9.048 

4.524 

60.319 

15.080 

7.540 

3.770 

l8i 

74.393 

18.598 

9.299 

4.650 

61.994 

15.499 

7.749 

3.875 

19 

'76.404 

19.lOI 

9.550 

4.77s 

63.670 

15.917 

7.959 

3.979 

19J 

78.414 

19 .604 

9.802 

4.901 

65.345 

16.336 

8.168 

4.084 

20 

80.425 

20.106 

10,053 

S.O27 

67.021 

16.755 

8.378 

4.189 

21 

84.446 

21 . II2 

io,SS6 

5.278 

70.372 

17.593 

8.796 

4.398 

22 

88,467 

22.117 

11.058 

5.529 

73.723 

18.431 

9.215 

4.608 

23 

92.489 

23.122 

n .561 

5.781 

77.074 

19.268 

9.634 

4.817 

24 

96.510 

24.127 

I 2.064 
12.566 

6.032 

80.42s 

20.106 

10.053 

5.027 

25 

100.53 

25.133 

6.283 

83.776 

20.944 

10.472 

5.236 

26 

104.55 

26.138 

13.069 

6.53s 

87.127 

21.781 

10.891 

5.44s 

27 

108.57 

27.143 

13.572 

6.786 

90.478 

22.620 

n.310 

5.655 

28 

II2.S9 

28.149 

14.074 

7.037 

93.829 

23.457 

11.729 

5.864 

29 

116.62 

29.154 

14.577 

7.289 

97.180 

24.265 

12.148 

6.074 

30 

120.64 

30.159 

15.080 

7.540 

100.53 

25.133 

12.506 

6.283 
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Table 4.—^Lathe and Boring-Mill Time— Continued 



1 Cutting Speed, Feet per Minute 

Diam. 

of 

Work 

35 

40 

Feeds, Inches per Rev. 

Feeds, Inches per Rev. 

- 

h 

\ 

- 1 • 

* 

\ 

\ 



2 

5.745 

1.436 

0 

.718 

0.359 

5.027 

I. 257 

0.628 

0 

314 

2§ 

7.181 

1.795 

0 

.898 

0.449 

6.283 

I. 571 

0.785 

0 

393 

3 

8.617 

2.154 

I 

.077 

0.539 

7.540 

1.88s 

0.942 

0 

471 

3 i 

10.053 

2.513 

I 

.257 

0.624 

8.796 

2.199 

1.100 

0 

550 

4 

11.489 

2.872 

I 

.4.16 

0.718 

10.053 

2.S13 

1.257 

0 

628 

4 § 

12.925 

3.231 

I 

.616 

0.808 

II .310 

2.827 

1.414 

0 

707 

S 

14362 

3 .590 

I 

.795 

0.898 

12.S66 

3.142 

1.571 

0 

78 s 

Si 

15.798 

3.949 

I 

•975 

0.987 

13.823 

3.456 

1.728 

0 

864 

6 

17.234 

4.308 

2 

•154 

1077 

15.080 

3.770 

1.885 

0, 

942 

6i i 

18.670 

4.668 

2 

•334 

1.167 

16.336 

4.084 

2.042 

I. 

021 

7 1 

20.106 

S.027I 

2 

•513 

1.257 

17.593 

4.398 

2.199 

I, 

100 

7 i 

21.542 

5.386 

2 

.693 

1.346 

18.850 

4-712 

2.356 

I, 

178 

8 

22.979 

5.745 

2 

.872 

1.436 

20.106 

5.027 

2.513 

I, 

257 

8i 

24.415 

6.104 

3 

.052 

1.526 

21.363 

5 .341 

2.670 

I 

335 

9 

25.851 

6.463 

3 

.231 

1.616 

22.620 

5.655 

2.827 

I 

414 

9 i 

27.287 

6.822 

3 

.411 

1.70s 

23.876 

5.969 

2.985 

I, 

492 

10 

28.723 

7.181 

3 

■ 590 

I. 795 

25.133 

6.283 

3.142 

I, 

571 

loi 

30.159 

7.540 

3 

.770 

1.88s 

26.389 

6.597 

3.299 

I. 

649 

II 

31.596 

7.899 

3 

949 

1.975 

27.646 

6.912 

3.456 

I. 

728 

Hi 

33.032 

8.258 

4 

129 

2.064 

28.903 

7.226 

3.613 

I, 

806 

12 

34.468 

8.617 

4 

.308 

2.154 

30.159 

7.540 

3.770 

I. 

88s 

I2i 

35.904 

8.976 

4 

,488 

2.244 

31.416 

7.854 

3.927 

I, 

964 

13 

37.340 

9.335 

4 

,668 

2.334 

32.673 

8.168 

4.084 

2. 

042 

I 3 i 

38.776 

9.694 

4 

.847 

2.424 

33.929 

8.482 

4.241 

2. 

Z 2 I 

14 

40.212 

10.053 

5 

.027 

2.513 

35.186 

8.796 

4.398 

2. 

199 

I 4 i 

41.649 

10.412 

5 

. 206 

2.603 

36 .443 

9. Ill 

4 555 

2. 

278 

IS 

43.085 

10.771 

5 

.386 

2.693 

37.699 

9.42s 

4-712 

2. 

356 

ISt 

44.521 

II.130 

5 

565 

2.783 

38.956 

9.739 

4.869 

2. 

435 

16 

45.957 

11.489 

5 

.745 

2.872 

40.212 

10.053 

5.027 

2. 

513 

i6i 

47.393 

11.848 

5 

924 

2.962 

41.469 

10.367 

5.184 

2. 

592 

17 

48.829 

12.207 

6 

104 

3.052 

42.726 

10.681 

5 .341 

2. 

670 

I 7 i 

50.266 

12.566 

6 

283 

3.142 

43.982 

10.996 

5.498 

2. 

749 

18 

51.702 

12.925 

6 

463 

3.231 

45 .239 

11.310 

5.655 

2. 

828 

i8i 

53.138 

13.284 

6 

,642 

3.321 

46.496 

11.624 

5.812 

2. 

906 

19 

54-574 

13.644 

6 

,822 

3.411 

47.752 

11.938 

5.969 

2. 

985 

i 9 i 

56.010 

14.003 

7 

,001 

3-501 

49.009 

12.252 

6.126 

3. 

063 

20 

57.446 

14.362 

7 

.181 

3 .590 

50.266 

12.566 

6.283 

3. 

142 

21 

60.319 

15.080 

7 

540 

3.770 

52.779 

13.19s 

6.597 

3 - 

299 

22 

63.191 

15.798 

7 

899 

3.949 

55.292 

13.823 

6.912 

3. 

456 

23 

66.063 

16.516 

8 

258 

4.129 

57.805 

14.451 

7.226 

3. 

613 

24 

68.936 

17.234 

8 

617 

4.308 

60.319 

15.080 

7.540 

3. 

770 

25 

71.808 

17.952 

8 

976 

4.488 

62.832 

15.708 

7.854 

3 - 

927 

26 

74.680 

18.670 

9 

335 

4.668 

65.345 

16.336 

8.168 

4. 

084 

27 

77.553 

19.388 

9 

694 

4.847 

67.859 

16.96s 

8.482 

4 - 

241 

28 

80.42s 

20.106 

10 

053 

5.027 

70.372 

17.593 

1 8.796 

4. 

398 

29 

83.297 

20.824 

10 

.412 

1 S.206 

72.885 

18.221 

9.Ill 

4. 

555 

30 

86.170 

21.542 

10 

.771 

I 5.386 

I 

75.398 

18.850 

9.42s 

4. 

712 


For speeds of So, 6o, 7o, and 80 feet per minute, divide these time values 
by 2. For speeds of 75, 90, 10^, and 120 feet per minute, divide by 3. 
Other speed values can be found in the same way. 
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Lubricants for Threading 

Aliuninum.—For aluminum, kerosene with enough cutting oil to 
give it a body. For many purposes a soluble cutting oil is 
satisfactory. 

Basic Steel.—The same good mineral lard oil that was used 
for threading Bessemer steel has worked well for basic steel. 

Bessemer Steel.—In cutting the regular grades of Bessemer 
steel a good mineral lard oil has been used with results wholly 
satisfying. Sometimes the mineral lard oil has been mixed with 
a certain percentage of ordinary kerosene oil, ranging from 25 to 
50 per cent, according to the nature of the work. 

Copper.—Frequently cut dry, but good cooling compound 
preferred. 

Cast Iron.—Mineral lard oil. 

Hard rubber and fiber are threaded without any lubrication. 

Monel Metal.—In threading monel metal a compound of white 
lead and oil has been used successfully. Others claim better 
results from red lead and oil. If the lead and oil are mixed to the 
consistency of thin glue and applied to the work, there would 
probably be no difficulty in cutting monel metal successfully, so 
far as the lubricant is concerned. 

Phosphor Bronze Studs.—Mineral lard oil straight or diluted 
with 25 per cent kerosene oil. 

Soft Drawn Steel and Soft Steel Forgings.—Prime lard oil, or 
the compound for general threading, given here: 

Compound for General Threading 


A British lubricant for thread cutting is made of 33 parts tallow, 
23 parts white lead, 3 parts graphite, 41 parts fatty oil. 


Lubricants for Machine Threading 
(Landis Machine Company) 

Tool steel \ 

Vanadium steel I 

Nickel steel I A heavy sulphur-base oil will give the best 
Open-hearth steelf results, due to its cooling effiiciency. On the 
Machine steel > freer-cutting steels mineral oil or paraffin 
Bessemer steel I oil can be used, when sulphur-base oil is 

Screw stock 1 objectionable. 

Merchant pipe I 

Seamless tubing / 


Cast iron 
Malleable iron 

Phosphor bronze 
Copper 
Drawn brass 
Aluminum 
Lead 

Cast brass 
Hard rubber 
Fiber 
Bakelite 


'j Mineral oil or compound, of a mixture 40 
Vgallons water, 10 gallons mineral lard oil, and 
) 2\ pounds of soda ash 

! Mineral lard oil diluted with 30 to 40 per 
cent kerosene 

[ory 
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1 J. G. Roney and G. L. Sumner of the Westinghouse Electric & Mfg. 
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Monel 

Metal 

9 

rO 

w 

N to 

M 4 

N to 

M 4 


6 -K 

6 -K 

6 -E 

0 

M .0 c. 

A 4 

? ^ 
Jf A 

j 6 -C 

6 -B 

K 

A 

A 

P 

A 

W 

A 



Stainless 

Steel 

Q 

W 

Aph 

N to 

M tT 

W 

N to 

M 4 



A 

W 

A 

0 

W to c 

A 4 •> 

6 -C 

6 -C 

pq 

A 

X 

A 

A 

P 

A 

W 

A 



Heat- 

Treated 

Steel 

p 

w 

N to 

*H rr 

W 

M to 

« 4 


W 

A 

A 

« 

A 

0 

W to c 
A 4 ' 

0 
t A 

6 -C 

6 -B 

X 

A 

A 

P 

A 

W 

A 



[ 

Tool 

Steel 

Annealed 

1 

Q 

fO 

W 

(N to 

M Tf 

CS to 

M 4 


W 

A 

M 

A 

w 

A 

0 

W ti) c. 
A 4 

3 0 
A 

0 

A 

m 

A 

P 

A 

•—> 

P 

A 

W 

A 

_ 


t 

Axle 

Steel 

P 

fO 

w 

til 

M ^ 

A to 

M 4 


A 

A 

w 

A 

0 

to C. 

A 4 ' 

0 
t A 

0 

A 

m 

A 

X 

A 

A 

P 

A 

W 

A 



Cold- 

Rolled 

Steel 

1 

p 

fO 

W 

soO 

N to 

M rf 

W 

vop 

Pt to 

M 4 


W 

A 

W 

A 

_ 

0 

W to c 
A 4 ' 

0 
t A 

0 

A 

6 -B 

6 -H 

’ 

A 

P 

A 

W 

A 



Malle¬ 

able 

Iron 

0 

M 

N til 

M Tf 

viO 

M to 

M 4 


W 

A 

W 

A 


WO 

A to (. 
M 4 ' 

0 
t A 

0 

A 

m 

A 

a 

A 

I—> 

P 

A 

W 

A 


_ 

Cast 

Iron 


0 

to 

9 

to 

4 





0 

to C 

4 ' 

u 
t A 

A 

p 

A 

X 

•—> 
A 





Copper 

P 

1 

y ro 

7 fO 

|W 

-oO 

Pt to 

M 4 


A 

W 

A 

pt 

W 

A 

CH 

1 Q 

W to c 

A 4 

0 
t A 

0 

A 

p 

A 

X 

A 

♦-1 

A 

P 

A 

A 


P 

A 

Alumi¬ 

num 

9 

1-2-3 

4-5-6 

F 

M 

fx. 

A 

9 

A 

9 

A 

9 

to 

4 P 

^ •—> 
^ A 

•—1 

A 

*—> 

A 

A 

»—t 

A 

P 

A 

W 

A 


p 

A 

Type of Machine Tool 

Thread millers 

Vertical boring mills 

Horizontal boring mills 

Planers and shapers | 

Vertical milling machines | 

Horizontal milling machines | 

Slotters and key seaters 

Drill presses 

O'..__- 1 

Internal grinding machine 

Cylinder and horizontal grind¬ 
ing machines 

Lapping machines j 

Honing machines 

Broaching machines | 

Power saws 

Draw presses 

Punch presses 


1 J. G. Roney and G. L. Sumner of the Westinghouse Electric & Mfg. Co. 
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Micarta 



0 ^ 











Hard 

Rubber 














Fiber 

3-4 

M 


3-4 

M 

3-4 

M 



3-4 

M 







Sheet 

Iron 









0 

4 





Wrought 

Iron 

1-6-K 
3-4-S-I 
and G 

W 

1-6-K 
3-4-5-1 
3-4-S-G 

t-iO 

►4 »o 10 
0 4 t- 

M fJ) fO 



0 *0 to 

N 4 4 

M 4 fO 

0 

vO 

4 

0 

4 

0 

?o 

N 

4 

rt 

Q 

4 

W 

4^9 

M 4 4 

Cast 

Steel 

1-6-K . 
3-4-S-I 

'4 

1-6-K 
3-4-5-1 

14 10 

M fO 



1-2-6-K 

3-4-5-I 



0 

?Q 

w 

4 

7 

3-d 

M 

N to 

M 4 

Cast 

Bronze 

1-6-K 

3-4-5-I 

X-9-1 

Q 

W 10 

4* 4^ 

M n 




WQ 

^ to 

4 4^ 

M 4 


0 

4 

?P 

N 

Q 

7 

Q 

4 

W 

49 

N to 

M 4 

Bronze 

Rod 

Q 

W 10 

M 


0 

W to 

4t 

M fO 

1-6-K 

3-^-5 

7 tf Q 

Tl- 

1-2-3 

4-5-6 

D 

I 4 Q 

^ to 

A 4 

M 4 


0 

4 

0 

?Q 

N 

M 

q! 

4 

CM 

9 

4 

W 

49 

N to 

M 4 

Cast 

Brass 

1-6-K 

W 

1-6-K 

3-4-S-G 

0 
►4 10 
<4 4 

M fJ> 



1-2-6-K 

3-4-5-I 

0 

6 

4 

0 

4 

0 

?w 

w 

M 

w 

4 

N 

W 

4 

M 

1 1 

N to 

M 4 

Soft 

Brass 

1-2-3 

4-5-6 


1-6-K 

1-6 

>3-^-5 

1-2-3 

4-5-6 

E 

1-2-3 

4-5-6 

1-2-3 

4-5-6 

K 

0 

4 

0 

4 

0 

?w 

w 

4 

9 

4 

1-2-4 

Type of Machine Tool 

Lathes 

Semi-automatic lathes 

Turret lathes 

Hand screw machines 

Automatic screw machines, 
single spindle 

Automatic screw machines, 
multiple spindle 

Semi-automatic chucking ma¬ 
chines 

Pipe cutters 

Bolt cutters 

Gear and thread bobbers 

Gear shapers 

Thread millers 

Vertical boring mills 
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A cutting lubricant or coolant is best determined by cutting 
action of material and machine on which threading is done. On 
steel a loss in production and tool upkeep often offsets the difference 
in price between a good coolant and a cheaper one. 

ESTIMATING MACHINING TIME 

These speeds and feeds will be found conservative for average 
work with high-speed steel tools. 

Table of Cutting Speeds for Estimating Purposes 

Cutting 
Speed in 
Feet per 


Material Minute 

Cast iron. 50-60 

Cast steel. 60 

Malleable iron. 70 

Machine steel forgings (15- to 20-point carbon). 60-70 

Machine steel bar stock. 60-70 

Tool steel forgings. 35-40 

Steel alloys containing nickel and chromium. 30-50 

Yellow brass. 150-200 

Composition brass. 120-150 

Bronzes—manganese and phosphor bronzes usually 
require speeds approximating those for cast iron. 

Speed depends considerably on whether lubricant 

is used or not. 30-80 

Aluminum—aluminum alloys usually cut freely with 
lubricant, but the nature of the alloy and the shape 
of the tools are important factors. 150-300 


Stellite tools will run satisfactorily at greater speeds and with 
coarser feeds in the majority of cases. 

It is difficult to give thoroughly reliable data on feeds, but a few 
examples may be of interest. For estimating purposes, and 
always assuming that the normal finish allowance is provided, the 
following notes may be used as a basis in setting feeds. There are 
so many factors to be taken into consideration, however, that 
variations of from 20 to 30 per cent from the figures given are often 
correct under certain conditions. 

Cast Iron 

For roughing cuts on diameters up to 8 inches, the feed may range 
from A to inch. Feeds for finishing cuts may be about the 
same, and the speeds increased 25 per cent or more, or the feeds 
may be doubled, using a slight increase of speed and broad-nosed 
tools. On diameters where the finish allowance is from i to J inch, 
the feeds for roughing cuts may vary from iV to i inch, and for 
finishing cuts higher speeds can be used with finer feeds, or slower 
speeds with an increase of feed, if broad-nosed tools are used. 
On large work, final finishing cuts are sometimes taken at cutting 
speeds 50 per cent higher than for roughing cuts, and with a feed 
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of from i to J inch per revolution with very broad-nosed tools and 
when great accuracy is not required. These statements are based 
on actual practice, and, although they cannot be considered as 
positive in their nature, they will be found to answer very well for a 
great proportion of cast-iron work. 

Cast Steel 

Roughing cut feeds on diameters up to 8 inches will vary from 
0.020 to 0.040 inch. Finishing feeds should be decreased by 25 to 
50 per cent, while speeds can be correspondingly increased. For 
larger diameters, where the finish allowance is from i to inch, 
the feeds for roughing may vary from 0.040 to 0.060 inch, and for 
finishing cuts on large diameters, where considerable accuracy is 
required, the feeds should be 50 per cent finer with speeds increased 
25 per cent or more. Broad-nosed tools cannot be used to advan¬ 
tage for finishing steel castings, as they are inclined to tear the 
metal and leave it rough. The use of lubricant is assumed when 
cutting steel castings, and the tools must be lipped and ground to 
suit the material. 


Malleable Iron 

Roughing cuts on diameters up to 8 inches can be made with feeds 
from ^ to inch, and finishing feeds are about the same as for cast 
iron. The use of lubricant for malleable iron is recommended. 

Machine-Steel Forgings 

The feeds will range from 0.020 to 0.040 inch for roughing cuts on 
diameters up to 8 inches. For finishing, the feeds should be 
decreased from 20 to 30 per cent, and the speeds can usually be 
increased from 30 to 50 per cent. For larger diameters, when the 
finish allowance is considerably greater, the maximum feed can 
seldom be over inch, and in many cases not more than ^ inch 
is permissible. Finishing cuts on large diameters are generally 
about the same as for cast steel, always assuming that a plentiful 
supply of lubricant is provided. 

Machine-Steel Bar Stock 

It is difficult to give feeds on tins class of work, because diameters 
are frequently reduced by taking a very deep cut with a fine feed, 
but when box tools or universal turning tools are used, and when the 
stock reduction is not more than to i inch, a feed of from 0.020 
to 0.040 inch can often be used. In forming cuts and for greater 
stock reductions, the feeds may vary from 0.002 to 0.015 inch, 
depending upon the shape of the form to be cut and the method of 
applying the tools. Finishing cuts are seldom made with a coarse 
feed, but speeds are increased in many cases as much as 50 per cent. 

Tool-Steel Forgings 

Roughing cuts on small diameters up to 6 or 8 inches with a 
depth of cut not exceeding i inch can usually be machined with 
feeds from 0.012 to 0.020 inch, and occasionally a feed of 0.030 inch 
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can be used, if the forgings have been thoroughly pickled and 
annealed. For finishing cuts, the feeds must be finer, although the 
speeds can usually be increased about 25 per cent. On large 
diameters, feeds from to /j inch are possible in some cases, 
when the depth of the cut does not exceed | inch, but in estimating 
work of this kind it is seldom safe to exceed a feed of ^ inch for 
roughing cuts. Finishing cuts for large diameters can be slightly 
coarser, if great accuracy is not required in the product and if the 
appearance of the work is not of primary importance. Otherwise 
fine feeds must be used and the tools “lipped” to curl the chip, in 
order to remove the metal easily and leave the surface smooth and 
clean. Lubricant must always be used on this kind of work and 
any boring tools for deep holes must be designed so that lubricant 
can be carried to the cutting edges. 

Steel Alloys 

Roughing cut feeds are usually about the same as for tool steel 
forgings. It is safe to follow the procedure noted in the preceding 
paragraph, unless it is possible to obtain a sample of the alloy on 
which tests can be made to determine the feeds and speeds possible. 

Yellow Brass 

For roughing cuts on work up to 8 inches in diameter and having 
a finish allowance of from to i inch, feeds from 0.020 to 0.040 
inch can be safely used. It is not advisable to go much beyond 
these feeds, as there is danger of tearing the metal, so that the 
finishing cuts will not remove the marks made in roughing. For 
finishing cuts, tools should be ground with a “drag,” and, when 
only a small amount is allowed for the finishing cuts, the feeds can 
be quite coarse, even with very high speeds. For roughing cuts on 
large diameters when the finish allowance does not exceed J inch, 
feeds as coarse as or even inch can be used in extreme cases. 
It is not advisable, however, to attempt to use too coarse feeds for 
the reason previously stated. In finishing large diameters, the 
same rule applies as that mentioned for small diameters, that is, 
coarse feeds and high speeds, provided the tool is ground with a 
drag. Some operators prefer to use finer feeds in finishing, but 
this is not necessary if judgment is used in grinding tools. 

Composition Brass 

Roughing and finishing cuts are approximately the same as for 
yellow brass, although they should be slightly more conservative, 
as the composition is generally somewhat harder than ordinary 
brass. 

Bronzes 

For roughing work up to 8 inches in diameter where finish 
allowances do not exceed to inch on a side, feeds from 0.020 
to 0.040 inch can generally be used, depending considerably on the 
nature of the alloy. Phosphor bronze and manganese bronze are 
hard in their composition and the feeds used must not be too great. 
In addition to this, the scale on bronze castings is extremely hard 
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and has a strong abrasive action on the tools, so that they dull very 
rapidly. The speeds and feeds used in finishing can be consider¬ 
ably increased, but if good work is required, it is not advisable to 
use very coarse feeds, and an increase of 25 per cent over the 
roughing cuts will usually be found satisfactory. For larger 
diameters, when the finish allowances approach to inch, the 
feeds for roughing can frequently be 0.030 to 0.060 inch. In 
finishing large diameters slightly coarser feeds can be used than 
for the smaller sizes, but really coarse feeds cannot be applied to 
advantage if a good finish is desired. 


Aluminum 

The feeds for roughing this class of material vary greatly on 
account of the difference in the composition of the alloy. In 
general, very coarse feeds can be used for both large and small 
diameters, provided the tool is suitably ground. The writer has 
seen aluminum castings 10 inches in diameter machined dry at a 
cutting speed of 300 feet per minute and with a feed of J inch per 
revolution. It would not be advisable, however, to use speeds and 
feeds of this kind for estimating, because the nature of the alloy 
might easily make a great difference. Feeds for the majority of 
roughing cuts on small diameters, when the finish allowance is 
approximately ^ inch, can vary from 0.040 to 0.080 inch, and in 
extreme cases even more than this. P'inishing cuts are possible at 
feeds from I to ^ inch per revolution, when broad-nosed tools are 
used. For large diameters an increase of about 25 per cent is per¬ 
missible, in both roughing and finishing. It is advisable to be some¬ 
what conservative in setting feeds for this class of work, but it will, 
in general, be found that the production time is much better than 
the estimated time, provided the operator uses judgment and tries 
to obtain the highest possible production. 

Boring and Drilling in the Ford Plant 

Single-Point Boring—Ford V-8 Cylinders 

Metal removed.. 0.014 inch 

Roundness and straightness 0.0002 inch 

Bores per grind of tool. 500 

Speed: 520 revolutions per 
minute or 430 feet per 
minute. 

Feed. o. 007 inch per spindle revolution 


Drilling—Ford 

Bronze. 

Copper. 

Aluminum. 

Malleable iron. 

Cast iron: 

Machined surface. 

Scale surface. 

Deep holes. 

Steel: 

Brinell 402 to 404. 

Brinell 302 to 387. 

Brinell 202 to 293. 

Brinell loi to 196. 

Brinell less than 100. 


250 feet per minute 
ISO feet per minute 
300 feet per minute 
80 feet per minute 

TOO feet per minute 
80 feet per minute 
80 feet per minute 

40 feet per minute 
SO feet per minute 
60 feet per minute 
70 feet per minute 
80 feet per minute 
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Feed per Revolution—Ford 


A 

i 

i 

i 


1 

f 

I 

2 . 2I, 3 

0.003 

0.004 

0.006 

0.008 

0.010 

O.OII 

0.012 

0.014 

0.016 


Power for drilling steel is about 2^ times that for cast iron. 
Power for feeds in steel is about 2 times that for cast iron. 


Cast Iron 


Power for drills. . 

•1 i 1 i 

i 1 i 1 I 1 li 

iH li 1 2 1 2i 

3 

Horse-power. 

.jo. 14I0.29 

o.S7|o.87|i.i6|i.4S 

1.74I2.03I2.32I 2.9 

35 



0.36 

0.72 

2.85 

4.27 

S.70 

8.55 

Feed horse-power for 

cast iron. 

0.0045 

0.0059 

0.0071 

0.0078 

0.0084 

0.0093 

Feed horse-power for 

steel. 

0.0081 

0.0109 

0.0130 

0.0145 

0.0155 

0.0171 



Table 6.—Standard Shaper Time Tables—Cutting 
For all cuts except keyways 
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Cut 
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Feed 

i Inch. 
Rough 
Cut 
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Feed 

i Inch. 
Rough 
Cut 

0.025-In. 

Feed 

A Inch. 
Finish 
C.I. 

0.200-In. 

Feed 

Finish. 

Cut. 

o.02S-In. 
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Head 
Feed, 
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Finish 
0.010 In. 
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CO 


CO 

h 

CO 


CO 

H 

CO 

H 

CO 

H 

CO 

In. 

II8 

0.13 

83 

0.33 

83 

0.48 

27 

0.19 

118 

0.34 

II8 

0.42 

II8 

0.8s 

2 

II8 

0.13 

83 

0.33 

83 

0.48 

27 

0.19 

118 

0.34 

II8 

0.42 

II8 

0.85 

3 

II8 

0.13 

83 

0.33 

83 

0.48 

27 

0.19 

118 

0.34 

II8 

0.42 

II8 

0.8s 

4 

83 

0.19 

59 

0.46 

83 

0.48 

27 

0.19 

118 

0.34 

83 

0.60 

II8 

0.8s 

S 

83 

0.19 

59 

0.46 

83 

0.48 

27 

0.19 

118 

0.34 

83 

0.60 

II8 

0.85 

6 

59 

0.27 

40 

0.68 

59 

0.68 

27 

0.19 

118 

0.34 

59 

0.88 

II8 

0.85 

7 

59 

0.27 

40 

0.68 

59 

0.68 

27 

0.19 

83 

0.48 

59 

0.88 

83 

1.20 

8 

40 

0,40 

40 

0.68 

40 

1.00 

27 

0.19 

83 

0.48 

40 

1.25 

83 

1.20 

9 

40 

0.40 

27 

r. 00 

40 

1.00 

27 

0.19 

83 

0.48 

40 

r. 25 

83 

1.20 

10 

27 

0.59 

27 

1.00 

40 

1.00 

19 

0.26 

59 

0.68 

27 

I. SO 

59 

1.70 

II 

27 

0.59 

27 

1.00 

27 

1.40 

19 

0.26 

59 

0.68 

27 

I. SO 

59 

1.70 

12 

27 

0.59 

19 

1.41 

27 

1.40 

19 

0.26 

59 

0.68 

27 

I. SO 

59 

1.70 

IT 

27 

0.59 

19 

1.41 

27 

1,40 

19 

0.26 

40 

1.00 

27 

I. SO 

40 

2.50 

i£ 

19 

0.85 

19 

1.41 

27 

1.40 

19 

0.26 

40 

1.00 

19 

2.63 

40 

2.50 

IL 

19 

0.8s 

19 

1.41 

19 

2.10 

19 

0.26 

40 

1.00 

19 

2.^ 

40 

2.50 

16 

19 

0.8s 

19 

1.41 

19 

2.10 

19 

0.26 

40 

1.00 

19 

2.63 

40 

2.50 

17 

19 

0.8s 

19 

I- 4 I 

19 

2.10 

19 

0.26 

40 

T .00 

19 

2.63 

40 

2.50 

ii 

19 

0.8s 

13 

2.07 

19 

2.10 

i 19 

0.26 

40 

1.00 

19 

2.63 

40 

2.50 

IE. 

13 

1.24 

13 

2.07 

19 

2,10 

13 

0.38 

27 

1.48 

13 

’3 90 

27 

3-70 

20 

13 

1.24 

13 

2.07 

19 

2.10 

13 

0.38 

27 

1.48 

13 

3.90 

27 

1.48 

21 

13 

1.24 

13 

2.07 

13 

3 08 

13 

0.38 

27 

1.48 

13 

3-90 

27 

I 48 

22 

13 

1.24 

13 

2.07 

13 

3.08 

13 

0.38 

27 

1.48 

13 

3-90 

27 

1.48 
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Finish Cut Based on ^-Inch Depth 
Table Based on Cutting of Cast Iron 

Conversion Factors for Other Materials 



M. S. & 

Forg 

Br. 

Tool 


M. I. 

St. 

Cu. 

Steel 

Cut 

I 

i 

1 

2 

Cut-Off or Part 

3 

3-9 

2.1 

6 


Table 7.—Standard Shaper Time Tables—Setup 


Job Allowances, in Minutes 
Per Job: 

Table setup. 8 

Simple vise setup. 5 

Dividing head. lo 

Angle iron. 8 

Simple fixture. lo 

Complex. IS 

Diff. fixture. 35 

Large angle plate. 8 

Small angle plate. 7 

V-blocks. 7 

Set Tool on First Piece: 

This will be/_t • . 

used mostlyJ ^ 

* 

Tool Adjustment per cut: 
♦Change tool and set cut 

with measure. i.aol 

♦Set first cut with meas¬ 
ure same tool. 0.85 

Raise tool by head feed 

(rough). o.io 

and start next cut 

(accurate). o 18 

Raise tool by head feed 
and return table for 

next cut. 0.30 

Shift head. 0.35 

* Rate Setter’s note.— 
These two units can be applied 
in the setup or in the per piece 
time, depending on the job re¬ 
quirements. 


Using scale 


Measuring Allowances, in Minutes 
Per Piece: 

le. 0.25 

ium. 0.5 

Using micrometers. i 

Using verniers. 1.5 

Using bevel protractor. 2 

! simple. I 

medium. 2 

difficult. S 

, 5 

Using gage. 

Level and Square Up: 

, 0.25 

+/—A inch.-{0.5 


-f/—0.010 inch.^ 

-f/—0.005 inch. 3 

-j-/—0.0005 inch. 3 

Place, Remove, and Handle per Piece: 

Rough Finish 


ir 


Vise. 

0.50 

0.75 

Shift piece in vise or.... 
Shift piece on angle (one 

0.25 


bolt). 

0.25 


I. Straight clamp or bolt 

0.75 

0.9s 

2. Straight clamp or bolt 

1.25 

I . SO 

3. Straight clamp or bolt 

1-75 

2.00 

4. Straight clamp or bolt 

2.25 

2.50 

I. C clamp. 

0.90 

I.IS 

2. C clamp. 

1.64 

1.89 

3. C clamp. 

2.38 

2.63 

4. C clamp. 

3.12 

3 40 

Extra C clamp. 

0.50 


Extra-straight clamp. . . 

0.6s 


Jacks I. 

0. IS 

0.30 

2. . 

0.35 

o.SS 

3. . 

0.55 

0.80 

4 . 

I .00 

I. SO 


TURRET LATHE SPEEDS AND FEEDS 
Warner and Swasey recommend the speeds and feeds in Table 8 
for turret-lathe work, as a general guide for average work. 
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* Water-soluble oil lubricant. t Kerosene lubricant. t Cobalt 18-4-1 
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ADVANCES IN TURNING PRACTICE 

Two wartime developments in turning practice have been the 
wide use of carbide tools on steel and of tools with negative rake 
both for plain turning and especially for interrupted cuts. As with 
the new milling practice, the real advantage of the negative rake is 
the protection of the cutting edge of the tool. This is especially 
true in work with interrupted cuts, as it brings the first contact, or 
blow, behind the point of the tool where it is well supported. 





Fig. 13(1. —Zero and Negative Rake Turning Tools. 

In all high-speed work it is necessary to have the tool rigidly 
supported, a uniform feed, and sullicient power to pull the cut. 
Hearings and slides must be well fitted to prevent vibration. Tool 
shanks should be heavy, particularly on interrupted cuts, and steels 
that resist bending arc recommended. 

The effect of back rake on cuts of different types can be seen in 
Fig. 13^^. As seen at A, the side cutting angle protects the point 
by having the first contact with the work about the center of the 
carbide tip. The other illustrations show different conditions 
depending on the shape of the tool and of the work as it makes con¬ 
tact. In plain turning, as at A and By some consider the zero rake 
desirable, while others prefer negative rake in nearly all cases where 
the cut is very heavy. 

Illustrations C, D and E show different contacts with interrupted 
cuts in which the angle of contact varies with the work itself. Her e 
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an angle of 3 degrees is preferred. Others prefer greater angles. 
The main object is to secure a shear cut beginning behind the cut¬ 
ting point. This has been very successful in machining armor 
plate for tanks and elsewhere. One difficulty in turning armor 
plate is the tendency to work harden so that tools should be as free 
cutting as possible. Armor plate castings also flex rather easily 
under pressure and return to shape after pressure is released. 

In comparing turning and milling cutter speeds it must be remem¬ 
bered that in milling each tooth is free of the work for a portion of 
the time, while in turning there is constant contact, except in inter¬ 
mittent cuts. The nose of a turning tool, buried in the work, 
inevitably heats far more than the tooth of a milling cutter. 

Higher turning speeds can be used on many old machines if their 
bearings and other moving parts are in good shape. It is frequently 
only a question of having sufficient power to remove the metal at the 
high rate. It is also necessary to consider the relative importance 
of the cutting time as compared to the total time needed on the 
work. On short cuts, such as many turret lathe jobs, the time for 
handling the work is greater than the cutting time, so that the total 
time may not be materially reduced by speeding up the cut. In 
such cases it is often possible to shorten the handling time by using 
faster working chucks and fixtures. In many cases cutting speeds 
can be greatly increased, but experiment is necessary to determine 
the best speed for the particular job and for the machine being used. 
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GENERAL MACHINING OF NONFERROUS METALS 
AND OTHER MATERIALS 

The growing use of such nonferrous alloys as aluminum, mag¬ 
nesium, and monel metal and of the various plastics, frequently 
grouped under the head of bakelite, makes it seem advisable to 
group the suggestions from various sources, as to tools and methods 
of machining these, under one heading. This seems to be more 
convenient than to divide the information among the sections deal¬ 
ing with the various operations to be performed. 

Tools for High-Nickel Alloys 

Correct combinations of tooling, speeds, feeds, and cutting com¬ 
pounds give satisfactory results in machining such materials as 
monel, nickel, and Inconel. Monel contains approximately two- 
thirds nickel and one-third copper. Inconel is approximately 78 
per cent nickel, 14 per cent chromium, 6 per cent iron, 2 per cent 
other elements. 

Tungsten high-speed steels of the 18-4-1 type, with 0.70 to 0.75 
per cent carbon content, are most satisfactory for general machining. 
Tools should be of 58 to 60 Rockwell C hardness for machining 
operations where cutting is intermittent and the tool is subjected 
to impact and for heavy roughing. For light smooth lathe turning 
and for automatic machining, tools with 61 to 63 Rockwell C hard¬ 
nesses are best. For light cuts and high-speed machining, the 
super high-speed steels, containing cobalt and molybdenum, give 
best results. 

Because of high heat generated in machining high-nickel alloys, 
carbon tool steels are not satisfactory. Stellite, tungsten, carbide, 
and tantalum carbide, properly used, are best. Grind with a 
slightly larger true rake angle than for mild steel. Figures 14, 15, 
and 16 show tools for various operations on high-nickel alloys. 

In machining the harder alloys. Inconel, and K monel, the clear¬ 
ance angle should be kept at a minimum. On heavy, rough 
machining, it is best to grind a land about ^ inch wide at the cut¬ 
ting edge. 

Rough turning, rough planing, and shaping may be done dry, but 
it is essential to use a cutting oil for all other cutting operations. 
This increases the machining speed' from 25 to 50 per cent, and 
results in a smoother finish. 

Sulphurized oils give best results. Any tarnish is readily 
removed by soaking the work for 20 to 30 minutes in a cold 10 per 
cent solution of sodium cyanide. 

All lubricants should be thoroughly removed from the machined 
pieces if they are to be subjected to high temperatures either during 
subsequent fabrication or in service. 

Automatic Screw Machine Work.^ 

In Table 9 are recommended speeds and feeds for automatic 
screw machine turning on R monel. 

1 W. F. Burchfield, Research Department, International Nickel Company. 
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Standard twist drills have proper angles for general-purpose work. 
Only high-speed or super high-speed steel drills should be used, with 
polished flutes. Sulphurized cutting oils give best results. Recom¬ 
mended speeds for regular monel and nickel are between 40 to 60 
feet per minute with the same feeds for mild steel.' R monel may 
be drilled at a speed of 60 to 75 feet per minute. Lower the drilling 

Table 9.—Recommended Speeds and Feeds for Automatic 
Screw Machining of Grade R Monel 


Operation 


Box tool: 

Roughing. 

Finishing. 

Cut-off: 

Circular tool \ 

Straight tool j . 

Stock under J inch diameter 
Forming tool: 


Circular 


Balance turning tool: 

Turned diameter under ifj inch 

Over /j inch. 


Width of 
Cut, in 
Inches 

Feed, in 
Inches 

Speed, in 
Feet per 
Minute 

\ 

0.006 

^25 

J A 

0 005 

125 


0 004 

125 

0.00s 

0.010 

125 

A to i 

0.001 

125 


0.0005 

125 

a to i 

0.0006 

T 2 S 


0.0005 

125 

) 1 to } 

0 0004 

125 


0.00025 

125 

( * 

0 006 

125 

\ * 

0.005 

125 

< ^ 

0.012 

125 


0.010 

125 


speed to 30 to 45 feet per minute for Inconel and to 20 to 30 feet per 
minute with 75 per cent standard feed for soft K monel. 

Helical-fluted high-speed steel reamers with narrow lands and 
well-polished flutes are best. Reamers must be kept sharp. Speeds 
for reaming are 25 to 35 feet per minute for monel and nickel and 
10 to 15 feet per minute for K monel and Inconel. Reaming feeds 
are about twice the drill feed for the same size hole. 

Thread chasing should be done with self-opening dies, which 
should have a 15-degree hook, as shown in My Fig. 14. In thread 
chasing, turn the rod slightly smaller than standard as the high- 
nickel materials will flow into the grooves of the dies, giving full size 
threads. A speed of 20 to 25 feet per minute is suggested for thread 
chasing monel and nickel. For K monel and Inconel 10 to 15 feet 
per minute. For R, speeds are 25 to 35 feet. 

In lathe threading monel, the tool should have a back rake angle 
of 6 to 9 degrees and a side rake angle of 9 to 12 decrees, as at A, 
Fig. 14. V threads may be machined in monel and nickel at 25 feet 
per minute with light cuts, and Acme or straight threads at approxi¬ 
mately 10 to 15 feet per minute. For K monel and Inconel, reduce 
these speeds to 15 feet per minute for V threads and to 5 to 10 feet 
per minute for straight or Acme threads. 
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In tapping, use a drill of slightly larger diameter than standard 
National standard, four-fluted high-speed steel, plug taps, with 
ground threads and 7-degree helical flutes or four-fluted helical 
pointed plug taps are best for machine tapping. The plug taps have 
a four- or five-thread chamfer, more is better. The flutes give a 
15-degree lip, and the tap should be “ backed off.’’ On i ^ inch and 
larger sizes, the skip-thread tap gives excellent results. 

Regular monel and nickel may be tapped at a speed of 20 to 
25 feet per minute; K monel that has not been heat-treated and 
Inconel at 12 to 15 feet per minute; R monel at 25 to 35 feet per 
minute in automatic machines. 


Lathe and Planer Work 

The only instruction is that the cutting edge of the tool be set 
above the center of the work. But, when turning K monel or 

‘Maferia! r’x2"H.S she! 

Clapper 
(box pin S 



Turning tool for 
“K” monel 


V 

■X'£lar)d 
(b) 

(<^) ' B 

(q) Brodol nose tool for 
finishing ond parting 
work on deep section 
on planer 
(b) Tool for shaper 
with small land 


^ fo 4 obovB 
I centerline 



H.S.Stee! drill 
standard 
angles 


Method of setting 
tool ground without 
land above center 
of work for lathe 
work only 
LATHE TOOL SET-UP 


DRILL ANGLES 
Fig. 15 .—Tools for High-Nickel Alloys 


Inconel with tools ground with a land, the cutting edge of the tool 
must be set on center. 

The cuts, feeds, and speeds given for lathe turning in Table 8 are 
merely guides. They are based on wet cutting and should be 
reduced 20 to 35 per cent for dry cutting. These speeds must be 
reduced for boring operations. 

The setup for planing or shaping is no different than for mild 
steel. Roughing is usually done dry, but a cutting oil for finishing 
cuts and for parting gives a better surface. 
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Correct designs of planer and shaper tools are shown in Fig. 14 at 
G, Hf I and J, and in Fig. 15 at B. Table ii lists some feeds, 
cuts, and speeds used on production jobs and will serve as a guide 
in setting up for planing. 

Milling chips from these materials do not break up but tend to 
curl. To facilitate the removal, the cutter should be ground with a 
10- to 15-degree back rake from the cutting edge. Coarse-tooth 
cutters are preferred. Plain or barrel milling cutters should be of 
the heavy-duty helical-fluted type. Alternating tooth or inter¬ 
locking side millers are best for deep holes or for slitting. If only 
straight-tooth milling cutters are available, the sides of the teeth 
should be cut on a slight taper, widest at the cutting edge. For 
narrow slotting, high-speed-steel slitting saws with alternate teeth 
chamfered are most satisfactory. This type of circular saw, which 
is used for cutting copper, is ground concave on the side for clearance. 

For general practice, in milling monel metal and nickel, use an 
average cutting speed of 50 to 65 feet per minute, with a feed of 
0.005 to 0.010 inch per tooth, depending on the depth of cut. 
With Inconel and K monel that has not been heat-treated, the sur¬ 
face speed of the cutter must be reduced to around 40 feet per 
minute with a feed of from 0.003 to 0.006 inch per tooth. 

Table 10.—Recommended Cuts, Feeds, and Speeds for Lathe 
Turning 


Cut, in inches. . 

it 


it 

i 

i 

i 

Feed, in inches. 

it> ii 

A 

it, iff 3^ 

A. *. i 

A. tV. t 

1, A 

Wrought monel 

no, 140 

ns. 100, 

95. 80, 

8S. 70, so. 

55 . 45 . 

35, 30. 

nickel 

Wrought K 


8S 

55 

45 

35 

25 

monel (un¬ 

125. 90 

75 . 65. 

60, 45. 

0 

6 

35 . 30. 

25. 2C, 

hardened ) 
Inconel 


SO 

35 

1 30 

25 

IS 


Cutting speeds in feet per minute. 

Table ii.—Feeds and Speeds for Planing (Heavy Work) 



Roughing 
Tool, 
Fig. 7 

1 

Finishing 

Tool, 

Fig. 8 

Parting 
Tool, 
Fig. 6 

Depth of cut, in inches. 

Feed, in inches. 


1 

i 

X 

0.020 

H 

O.OIS 

A 

0.010 

i 

0.005 to 
0.010 

Forged monel metal—nickel. 

Forged unhardened 2K monel— 

25 

25 

25 

25 

25 

35 

30 

30 

Inconel. 

IS 


15 

15 

15 

25 

20 

20 


Cutting speeds in feet per minute. 

Monel metal shrinks \ inch to the foot in castings; should be 
poured at 28oo°F. Cores should be made of washed silica sand and 
raw linseed oil, about 25:1 for large cores and 60: i for small cores. 

Pickling.—For heavily scaled monel, soak in 10 per cent (by 
weight) hydrochloric acid for 30 minutes at i8o°F., thpn dip in a 
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sodium dichromate solution for 5 to lo minutes at room tempera¬ 
tures. This solution is made by dissolving o.i gallon of sulphuric 
(66°B6.) and i.i pounds sodium dichromate in i gallon of water. 
For unsealed monel, use i gallon of water, 1.5 gallons of sulphuric 
acid (66°B6.), 2.2 gallons of nitric acid (38°B6.), cool, and add 0.2 
pound sodium chloride. 

Welding.—Monel metal welds readily by gas or electric method. 
Monel rods should be used. Welding tip should be one size larger 
than for steel. An electric welding flux has been specially devel¬ 
oped. Monel metal rods make a machinable weld on cast iron. 
Monel metal is easily soldered and brazed; clear surfaces are 
necessary. 

Drawing and Punching.—Reduction of diameter and depth of 
draw are about as for steel, but corners of dies should have a larger 
radius to prevent tearing. Metal is “sticky” and tends to adhere 
to soft dies. The diameter of the first cup is usually about two- 
thirds that of the blank. Reduction of 30 per cent in gage may be 
had in one draw with slight reduction in diameter. Clearances are 
usually greater than for steel; runs 0.010 to 0.015 inch on metal from 
0.1021 to 0.078 inch. Greater power required than with steel. 
Proper adjustment of pressure plate and blank holder prevents 
wrinkling. Anneal at 1400 degrees between draws. Punches are 
designed about 75 per cent stronger than for steel, with same 
clearance angles. 

Spinning.—Owing to toughness, monel metal is harder to spin 
than copper, brass, steel, or silver and requires more frequent 
annealing. Spinning tools should be brass, bronze, wood, or tool 
steel, not soft steel. Lubricate with tallow. No change necessary 
from ordinary speed of lathe. 

Nichrome 

Nichrome is a trade name for a specific mixture of nickel and 
chromium. It retains strength at high heats and resists continued 
or repeated exposure to heat, as in annealing and carburizing boxes; 
it also resists nitric, hydrochloric, and sulphuric acids. Its prop¬ 
erties are: 


Tensile strength. 64,000 pounds 

Elongation in 2 inches. 3J per cent 

Reduction in area. 2 per cent 

Melting point. 25oo°F. 

Specific gravity. 8.06 

Weight per cubic inch (cast). 0.29 pound 

Brinell hardness. 157-187 

Rockwell hardness. B-83-94 

Scleroscope hardness. 30 


Nichrome welds readily by arc or flame. Preheating is necessary 
and the weld surface must be clean. Flux is needed in flame weld¬ 
ing, but not in arc. Nichrome cannot be cut successfully with a 
torch, because it does not oxidize readily; a hack or cold saw is 
better and. cheaper. 
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Nichrome castings can be machined readily with any good high¬ 
speed cutting steel at a speed of about i8 feet per minute. Because 
of the toughness of the alloy, the tools must be ground with special 
angles. These particular angles have 
been worked out, and Fig. i6 shows 
how tools should be ground for machin¬ 
ing and threading Nichrome and Cimet 
castings. 

Machining Aluminum and Its Alloys 

Successful machining of aluminum 
and its alloys requires different tools 
than for steel and free-cutting brass. 

The tools should have appreciably 
more side and top rake than the tools 
for cutting steel; they should have very 
keen edges supplemented by hand ston¬ 
ing with an oilstone and used with 
suitable cutting compounds. 

Except for aluminum alloys high in 
silicon content, carbon steel and high¬ 
speed steel tools may be used satisfactorily. Carbon steel tools 
may generally be maintained with a keener cutting edge. Ce¬ 
mented tungsten carbide tools are necessary for machining the 
high-silicon alloys, notably ^‘Lo-Ex ” No. 132 piston alloy. Carbide 
tools are also superior to carbon and high-speed steel tools in 
production because keen edges are maintained over long periods 
without regrinding. Diamond tools are often used for boring holes 
where a fine, accurate finish is desirable, such as piston pin holes. 

Cutting Speeds.—Aluminum can be machined best by using high 
speeds and fine to medium feeds. Surface speeds from 500 to 800 
feet per minute are possible under some conditions with ordinary 
carbon steel tools, and appreciably higher speeds with high-speed 
steel and carbide tools. The feed may vary from J inch for rough¬ 
ing cuts to a few thousandths for finishing cuts. An increase in the 
amount of metal removed from the stock can often be obtained to 
better advantage by increasing the speed rather than the feed. 
The work should be cooled before calipering and finishing to size. 

Cutting Lubricants.—For many purposes a soluble cutting oil is 
good. Ordinary carbon oil or kerosene will often serve but works 
better when mixed with lard oil, usually in equal parts. For he/’vy 
cuts and slow feeds, such as in roughing work or tapping, pure 
lard oil is good. Cutting compounds of paraffin oil are unsatis¬ 
factory. For milling, sawing, and drilling, the soluble cutting oils 
are satisfactory and more economical than kerosene or kerosene and 
lard oil lubricants. 

Lathe Tools.—Using the round-nosed tool. Fig. 17, the tool 
should be set to have proper clearance and not curl the chip more 
than necessary. Before finishing with the tool, its edge should be 
rostoned. Set the tool considerably higher on the work than when 
machining brass or steel, preferably on a diameter of the work, 
making an angle of 45 degrees with the horizontal. The tool shown 


i^Rad ly 

Back rake /Odeg. rake 
angle a/so 10 deg. Other 
angles as shown 



Fig. 16.—Tools for Ni¬ 
chrome 
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in Fig, 18 is satisfactory for large diameter work where the tool must 
be set on or near the center of the work. A much better tool is 
shown in Fig. 19. 
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Figs. 17 to 23. —Cutting Tools for Aluminum 
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Resharpen by holding the bit by its shank in the chuck or collet 
of a tool grinder or a lathe and grinding outside diameter. After 
each grinding, the tool should be stoned. The bit in the holder may 
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be rotated to various positions and adjusted to different working 
conditions. This form may be used for both rough turning and 
finishing cuts. Parting tools should have from 12 to 20 degrees top 
rake and be stoned. Front clearance angle should be decreased to 
about 3 or 4 deg. Facing tools should have a side rake similar in 
amount to the top rake of the outside tools. 

Planer and Shaper Tools.—The tool in Fig. 19 may be adapted 
to planer and shaper work by using a holder, Fig. 20. This tool 
may be used for both roughing and finishing. For heavy roughing 
cuts, a side cutting tool, Fig. 21, can be used. The roughing tool 
should do nearly all of its cutting on the side of the tool, whereas for 
finishing work, the cutting should be done with the front or bottom 
edge of the tool. Finishing tool. Fig. 22, should be used for light 
cuts with fine feeds only. 

Milling Cutters.—Milling cutters, straddle mills, end mills, and 
similar cutters work to best advantage if they are of the coarse- 
tooth helical type and have considerable top rake. Milling cutters 
with nicked teeth assist in decreasing the chip size. Inserted tooth 
face-milling cutters should be designed with appreciable top and 
side rake. Helical milling cutters work well if the cutting edges are 
provided with suitable top rake. 

Threading Tools.—It is desirable for threading dies or thread 
chasing tools to provide special rake and clearance. Threads may 
be chased in the softest aluminum, using a single-pointed threading 
tool with considerable top and side rake. Hand and machine taps 
will produce smooth and accurate threads if they have helical flutes. 
Such taps should have a right-hand helical flute when intended to 
cut a right-hand thread. The gun tap. Fig. 23, will often work 
satisfactorily when there is room for the chips to be forced ahead 
of the tap. Slightly oversize taps assist in maintaining required 
dimensions of holes in aluminum and its alloys. Thread chasers 
for self-opening dieheads and collapsible taps should be ground with 
appreciable top and side rake. Generally speaking, tapping speeds 
are slow and depend upon the size of the tap drill used, the depth 
of the tapped hole, and the alloy tapped. In some cases, tapping 
speeds approximately equal to those used for steel may be used. 
Screw machine products are generally provided with about 67 per 
cent of full thread. 

Twist drills sometimes give trouble. They should have keen 
edges and a copious amount of cutting compound. For some work, 
the single-fluted twist drills are superior to the usual form of drill. 
Drills with a sharp helix angle work well. Reamers with helical 
flutes are best. 

Saws.—Saw teeth should have considerable top rake and some 
side rake. Saws of the alternate side-rake type or those of the chip^ 
breaker type (teeth of alternate square and rounded front profile) 
may be used. A side rake of 15 degrees is recommended for the 
former. For either type, a front or top rake of 10 to 25 degrees is 
recommended. To use a saw with much front rake, the sawing 
machine must be provided with a positive feeding device to prevent 
the saw from feeding into the work too rapidly. 
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Machining Nonmetallic Materials 

General 

Cemented-carbide tools are preferred for machining Formica, 
Micarta, and Textolite because these materials are abrasive. 
High-speed steel tools are frequently used for small-quantity work, 
but carbon steel tools are not employed. Diamond tools are rarely 
used. Coolant is seldom applied, but an air blast has some cooling 
effect for drilling operations and is useful in removing chips and dust 
in this and other operations. 


Formica 

Formica is a laminated gear material made by the Formica 
Insulation Company, Cincinnati, Ohio. The material is made of 
cotton duck impregnated with a phenolic resin. 
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Fig. 24,—Tools for Formica and Similar Materials 


Turning. —The outside diameter and sides of gear blanks are 
turned with the tools in Fig. 24. Such tools must have 3 to 5 
degrees more rake and clearance than are common for metal turning 
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tools. Speeds up to 750 feet per minute can be used successfully. 
Cut can be from to J inch, but the feed should be 0.030 inch, 
regardless of the cut. The tool should overlap the feed. Provision 
should be ma^e in grinding the tools so that they clear themselves. 

Threading. Chasing tools require special rake and clearance 
from 3 to 5 degrees more than is common practice with metal. 
Dieheads do not require special rake and clearance. They are 
operated at a relatively slow speed and are backed off a short 
distance in every inch of threading. Neither taps nor dies require 
special grinding. High-speed and ground taps produce the best 
results. Tap-drill sizes recommended are the same as those com¬ 
monly used for metal. 

Drilling.—The cutting point of the drill should have an included 
angle of about 55 degrees. Rapid feed prevents the drill from 
lagging. For holes more than I inch deep, the drill should be with¬ 
drawn momentarily to cool and remove the chips. The minimum 
preferred speed is 1,200 revolutions per minute. 

Gear Cutting.—Teeth may be cut on a bobbing or milling machine 
or a shaper. Assuming a 3-inch hob with 10 teeth, the speed would 
be 150 feet per minute and the feed from 0.090 to o.iio inch per 
revolution. 


Micarta 

Micarta is a product of the Westinghouse Electric & Mfg. Co. It 
is made of either a paper or fabric base and a synthetic resin. The 
data following are from the company’s experience. 

Turning.—In general, high speeds, fine feeds, and light cuts are 
best. If high-speed steel tools are used, the speed should be from 
100 to 125 feet per minute. Where roughing and finishing cuts are 
taken, a high-speed steel tool is not essential for the first operation 
but should be used for the second. About 0.010 inch of stock 
should be left for the finishing cut. An exhaust system should be 
provided. 

Threading.—Chasers should be made without the hook used in 
cutting steel. Plenty of chip clearance should be used on taps and 
dies as Micarta has a tendency to choke the tap. No undercut 
or hook on the flute is necessary, but a slight hook on the lead helps 
to start the chip to curl. High speed taps are preferred except in 
extremely small sizes. Ground taps are not usually necessary. 
About 70 per cent full thread is recommended. Standard tap-drill 
sizes are satisfactory. Small holes (under i inch) are machine 
tapped at a speed of 200 revolutions per minute, or under. Larger 
holes are hand tapped. Medium-size holes are tapped with a 
slow-speed drill press fixture at 40 to 60 revolutions per minute. 

Drilling.—Included angle of drill should be 49 to 50 degrees. 
The face of the lip should have the hook removed as for cutting 
brass. The grade of Micarta has an effect on the cutting speed and 
feed. For Micarta with a cloth or paper base, holes up to \ inch 
in diameter can be drilled at a speed of 1,600 revolutions per minute. 
The asbestos grade requires slower speeds of 800 to i ,000 revolutions 
per minute. Holes from i to f inch require speeds from 500 to 800 
revolutions per minute. For holes from f to i inch the speed 



358 


TURNING AND BORING 


should be from 8o to 200 revolutions per minute, and above i inch 
in diameter, a counterbore should be used. Use hand feed. On 
small holes and thin material, a feed suitable for wood can be used. 
When drilling straight through on thick material, it is necessary to 
clear the drill about every i inch. 

Milling.—A standard cutter may be used at a speed and feed 
corresponding to those used for bronze or soft steel. 

Punching.—Dies should be designed the same as for punching 
metal, except that smaller clearances should be allowed. In cold 
punching, it is desirable that this clearance be small and approach a 
sliding fit. Maximum punching thickness for any grade is J inch. 
Heating the stock from 210 to 250^0. will assure better quality 
punching. 

Sawing.—Material up to i inch thick should be cut with a lo-inch 
saw working at 3,000 revolutions per minute. Above i inch thick, 
a 16-inch saw, running at about 1,600 revolutions per minute, is 
satisfactory. Roughing cuts should be made with a saw having a 
bevel tooth, seven to the inch, while for finishing, a smooth saw 
similar to that used for metal (no set) should be used. 

Textolite 

Textolite is a product of the General Electric Company. It con¬ 
sists of canvas coated with a synthetic resin as a binder. 

Turning.—The tools used by the company have tungsten-carbide 
tips mounted on j- or |-inch square bits. These tools are ground 
with no top rake and with 6^ degrees clearance on the end and sides. 
A very keen edge must be maintained. When tools become too 
dull to cut Textolite, they will still work satisfactorily on metals. 

The cutting speed is usually the highest speed that the machine 
will handle, up to 500 or 600 feet per minute. Roughing cuts range 
from to i inch, finishing cuts not less than ^ inch. 

Threading.—The rake and clearance on chasing tools are the 
same as those used on turning tools. Special grinding is not 
necessary for taps and dies. High-speed ground taps have been 
found to give the best results. Tap-drill sizes are the same as those 
used for steel. Most work is tapped by hand. For production 
tapping, it is recommended that a coolant of very light oil or 
turpentine be used. 

Drilling.—Best results are obtained with twist drills having a long 
lead and with the lips ground thin and with little rake. An air 
blast is used to cool the drill. Most drilling work is done with hand 
feed. For a i-inch drill, the speed is 1,800 revolutions per minute. 
With automatic feed, using a No. 45 drill operating at 3,600 revolu¬ 
tions per minute, a feed per revolution of 0.002 to 0.003 inch has 
been found satisfactory. 

Punching.—Textolite may be punched readily in thicknesses up 
to i inch. The die should be relieved on a taper of about i degree 
to a distance of | inch below the surface. This relief will minimize 
splitting around the edge of the punched part. Punched holes 
usually contract slightly, so that it is necessary to make punches 
slightly larger than the hole desired. The increase in punch 
diameter is equal to approximately 3 per cent of the thickness of 
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the material. When thick pieces are being punched, it is desirable 
to use a shaving die. 

Some grades of Textolite can be punched cold, but it is worth 
while to heat all material before punching. This is usually done by 
laying the strips on a steam plate which should not have a tempera¬ 
ture higher than 300°F. The Textolite should not be left on the 
plate for an extended period. 

Hard Rubber 

Turning.—Shapes of cutting tools are given in Table 12. High¬ 
speed steel is recommended for turning tools. Tungsten-carbide 
tools are used when the savings justify the expense and because they 
avoid frequent resharpening, improve the finish and accuracy. 
Where accuracy demands, diamond tools are used, but cannot be 
employed on interrupted cuts. With coolant, turning, facing, and 
boring operations can be done at a speed of 300 feet per minute; 
dry, the speed is reduced to 200 feet per minute. A large screen 
area should be provided in coolant reservoirs to remove floating 
rubber particles. It is recommended that wet grinding w'heels be 
used in place of turning wherever possible. 

Table 12.—Tool Shapes for Hard Rubber 


Operation 

Tool 

Top 
Rake, 
in De¬ 
grees 

Side 
Rake, 
in De¬ 
grees 

Clear¬ 
ance, 
in De¬ 
grees 

Notes 

Turning . . 

Facing,... 

/Steel (lathe) 

1 Form tools 

1 Tungsten car- 
V bide tip 
/Roughing dia- 
1 mond 
\ Finishing dia- 
V. mond 

None 

None 

None 

None 

None 

None 

None 

None 

None 

None 

10 to 20 

IS to 20 

10 

10 

10 

If consistency of stock 
causes tool to tear, 
tilt forward to in¬ 
crease clearance and 
provide negative rake 
of 5 to 10 degrees 
Round nose A inch 
radius 

Round nose ^ inch 
radius 

Threading. 

J Die 

J Diehead 

1 chasers 

Snut slightly 
Snub slightly 
Negative 
rake, 15 de¬ 
grees 


Grind flutes deep as 
possible. 


American Hard Rubber Company, 


Threading. —Tables 12 and 13 give information on the grinding 
of chasers, as well as the speeds recommended. High-speed taps 
and chasers are preferred. No special table of tap-drill sizes has 
been developed. When cutting coolant is not available or practical, 
machine oil should be applied to taps and dies. If the tolerances 
are very exact the taps should be made 0.002 to 0.003 inch oversize 
for taps up to No. 6-32; 0.005 to 0.006 inch oversize for taps up to | 
inch; and 0.006 to 0.010 inch oversize for taps from i to i inch. 
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Drilling.—Feeds and speeds for drilling are given in Table 13. 
High-speed drills are preferred. A greater helix angle than with 
steel increases the cutting speed and drill life. An ideal helix angle 
is from 35 to 40 degrees, but is available only in small diameters 
and in drills made by the Cleveland Twist Drill Company. Drill 
sizes below { inch should be ground to an angle of 45 degrees. 
Above the J-inch size, the standard 59-degree angle is used. The 
lips should be snubbed or ground flat to prevent digging in. Flat 


Table 13.—Speeds for Machining Hard Rubber 


Operation 




Drilling 



Diameter, in inches... . 
Speed, revolutions per 

To A 

i 

t 

h 


1 

1 

minute. 

4,000 

3.000 

2,000 

i.SSO 

1,200 

1,000 

750 

Feed, in inches. 

0 005 

0.006 

0.008 

0 010 

0.011 

0.012 

0.014 


Tapping (Pipe Sizes) 


Nominal size, in inches 
Speed,in feet per minute 


Up to 2 

2 h 

3 

4 

200 

100 

75 

SS 


Turning, Facing and Boring 

With no coolant, 200 feet per minute—with coolant, 300 feet per minute 


American Hard Rubber Company. 

drills may be used for odd sizes or large diameters. The same 
coolant as applied for tapping should be used. 

Sawing. —Bandsaws 0.035 inch thick by | inch wide, 5 to 8 points 
per inch, running at about 3,400 feet per minute, give good results 
for rough sawing. For cutting off small rods, tubes, and strips, 
abrasive wheels, such as the Norton Grain 30 Grade R8 or a 
Carborundum ^‘Carbo RedmanoF^ 70C-6V, are suitable. The 
wheel should be about 8 inches in diameter, ^ inch thick, running 
at 10,000 feet per minute. For sawing panels or sheets, the follow¬ 
ing saws may be used: a 14 inch diameter by \ inch thick Car¬ 
borundum 50-C4 or ‘‘Carbo Redmanol’^ 36C-2D wheel running at 
about 12,000 feet per minute. 

Grinding.—Either wet or dry grinding may be done. If hard 
rubber is ground wet with water or with cutting lubricant, the sur¬ 
face is black and smooth, but if ground dry, the surface will be more 
or less rough and will be brown in color. Wheels used for various 
types of work are: 


Article 

Wet or 
Dry 

Wheel 

Penholders^—pipe bits. 

Wet 

60 N. Crystolon or Alundum 
60 M Crystolon 

36 L Staralon 

SO K Silicon 

24 L Alundum 

Rods or tubes. 

Wet 

Rods or tubes. 

Wet 

Sheets up to about i inch thick. 

Sheets over i inch thick. 

Dry 

Dry 



American Hard Rubber Company. 
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Table 14.—Depth of Cut and Feed 


Surface 

Depth of Cut, 
in Inches 

Feed, in Inches 

Turning 

Boring 


1 

0.025 

0.018 


1 

0.023 

0.016 


) k 

0 020 

0 014 

Rough cut. 

\ A 

0.018 

0.012 


) ^ 

0.017 




0.016 



\ i 

0 015 




0.012 

0.009 

Finish cut. . 

) * 

0 012 

0.009 


1 A 

0 on 

0.008 


1 i 

0.010 



American Hard Rubber Company. 


Fiber 

Turning.—Fiber is an extremely hard and tough material, and 
tools must be kept sharp to obtain the best results in machining. 
The material is slightly elastic and tends to impinge against the 
back of the tool and to generate heat. Generally, tools for cutting 
fiber should be ground about the same as for cutting brass. The 
peripheral speed should be about 30 per cent faster than for cast 
iron, using a coarse feed and a wide-nosed tool. Large clearance, 
but no rake, [should be employed. Lubricant is not needed. 
Diamond cutting tools are satisfactory for light cuts on close work. 

Fiber tubes and rods can be successfully machined in automatic 
screw machines or hand turret lathes. When tubes of the correct 
size can be secured, they will generally give better results than rods. 
The following are the recommended cutting feeds on automatic 
screw machines; 


Drilling. 0.007 to o. 010 inches per revolution 

Turning. o 010 to 0.015 inches per revolution 

Forming. 0.0015 to 0.002 inches per revolution 

Cutting off. o 002 to 0.003 inches per revolution 


Threading.—^Both solid and self-opening dies are used, but the 
self-opening type is best except with short thread lengths where the 
threads may be torn off in opening the die. A smoother thread is 
obtained by stoning the dies to a negative rake of 7 degrees and 
slightly dulling the cutting edge with a V-shaped stone. Tap drill 
holes should be made from 0.002 to 0.006 in. larger than when 
tapping brass or steel. Tap drills cut fiber a few thousandths below 
size unless ground slightly off center. A very little oil will give an 
easier flow of chips. 

Drilling.—Run drills at the highest speed possible without 
burning the tool. A i-inch drill should run at 2,500 revolutions per 
minute, and a No. 6o drill at 10,000 revolutions per minute. High¬ 
speed or special bakelite drills with greater helix, narrow web, and 
wide flutes are recommended. The drill should be ground with 
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a liberal clearance and should not be forced. Fiber should always 
be drilled perpendicular to the grain when possible. Digging in 
may be minimized by stoning the cutting edge to give it a slight 
negative rake. 

Milling.—With standard milling cutters, high speeds and feeds 
give the best results, as to both finish and length of time between 
grinds. Two-bladed fly cutters for form work should be run at 
higher speeds but with slower feed. A high speed and coarse feed 
will throw the chips away from the work and will prevent a rubbing 
action that dulls tools quickly. For deep slots, use side milling 
cutters because fiber will bind if straight-side cutters are employed. 

Sawing. —A smooth polished edge can be obtained with a hollow- 
ground circular saw without set to the teeth. A satisfactory 
circular saw for stock up to \ inch is 14 inches in diameter, with no 
to 120 teeth, and from i to ^ inch thick at the outer edge. The saw 
should be run at 2,500 to 3,000 revolutions per minute. Bandsaws 
with 5J points per inch and 19 gage thickness are satisfactory. 
The widths vary from } inch for scroll sawing to i \ inches for heavy 
, sheet sawing. A bandsaw should run at about 4,000 feet per 
minute and will last from i to ij hours on }-inch fiber, and J hour 
on J-inch fiber before sharpening is necessary. 

Bending and Forming. —Fiber should always be bent parallel to 
the grain (long way of the sheet), because it is difiicult to bend fiber 
across the grain without breaking. It is general practice to soften 
the material by immersing in hot or cold water and then drying it 
out in heated forms under sufficient pressure to keep the shape 
desired. If the material can be steamed instead of immersed, it 
will require less time to set. 

Pimching. —Blanking, piercing, and shaving operations on fiber 
can be done with ordinary punch presses. The punches should be 
a close fit in dies for best results. Fairly smooth edges can be 
obtained in stock up to J inch thick without heating. Above this 
thickness it is advisable to heat the stock to i8o°F. When a rough 
edge is not objectionable, thicknesses of | to i inch can be punched. 
Dies for fiber should not have any taper clearance. Punch will 
produce a hole 0.001 to 0.008 inch smaller than itself. Blank 
should be 0.001 to 0.0008 inch larger than the hole in the dieplate, 
the allowance increasing with the thickness of the stock. 

Shaving. —The cutting edge of shaving dies should be about 
45 degrees. No clearance is given to the first J inch of the die, and 
dies can be ground without changing size. A better edge can be 
had by using a roughing and finishing cutter. Fiber has a tendency 
to check. Elimination of the difficulty will be obtained by heating 
it to i8o°F. If the cutting edge on a shaving cutter is mouthed out 
very slightly with an oil stone, the stock will bind slightly in passing 
through, will prevent chatter, and will tend to smooth and f)olish 
the edges. Stock up to ij inches thick can be smooth punched by 
successive shaving operations. 

Stellite J-Metal 

The cutting speeds and feeds for turning, facing, and boring, 
supplied by the Haynes Stellite Company, represent average 



Table 15.—Average Cutting Speeds and Feeds for Turning, Facing, and Boring with Haynes Stellite 

J-Metal 
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Malleable Iron 

Feed per 
Revolution, 
in Inches 

m V) V) mio 10 
fO fO PO fO 

000000 

Cold-Rolled Stock 

10 0 in 0 0 0 

fO Cl CO Cl CO Cl 

000000 

0 0 0 0 d 0 
000000 

000000 

N PI N N (N N 

000000 

020 to 0 
010 to 0 
020 to 0 
010 to 0 
015 to 0 
010 to 0 

000000 

000000 

Cutting 
Speed, in 
Feet per 
Minute 

V) 0 0 t/> 0 

0 t'- 0 1" 0 

M M N M M 

00000 0 

to 0 0 0 0 

N 10 lO 0 >0 

000000 

0 0 0 0 0 to 

CO’t CO CO CO 

000000 

0 0 0 0 0 C 
000000 

Cl -0 Cl CO N Cl 

Medium Cast Iron 

Feed per 
Revolution, 
in Inches 

0 0 ‘o 0 

Cl 10 (N 'O fN 10 

M 0 -• 0 0 

000000 

c 0 0 0 0 0 

000000 

0 0 0 C b 0 

000000 

S.A.E. 3115 

000000 

CO Cl CO (N CO Cl 

000000 

000000 

000000 

0 0 0 0 'O 0 

000000 

0 c 0 0 0 0 

Cutting 
Speed, in 
Feet per 
Minute 

0 lO C 0 10 
i-n t'* 10 I-' 

0 c 0 0 0 0 

4 J ^ 4 J 

0 0 0 0 0 to 

0 to 0 t /^00 Cl 

125 to 175 
150 to 200 
125 to 175 
150 to 200 
125 to 175 
150 to 200 

Hard Cast Iron 

Feed per 
Revolution, 
in Inches 

N to Cl lO Cl to 
vO fOO too CO 
000000 

Steel Castings 

000000 

fO Cl CO Cl CO Cl 

000000 

020 to 0 
020 to 0 
020 to 0 
020 to 0 
020 to 0 
020 to 0 

015 to 0 
010 to 0 
015 to 0 
010 to 0 
015 to 0 
010 to 0 

000000 

000000 11 

Cutting 
Speed,in 
Feet per 
Minute 

60 to 90 
150 to ITS 
60 to 90 
ISO to 175 
60 to 90 
100 to 150 

60 to 125 
125 to 200 
60 to 125 
125 to 200 
60 to 125 
125 to 200 

Type of Cut 

Rough turn. 

Finish turn. 

Rough face. 

Finish face. 

Rough bore. 

Finish bore. 


Rough turn. i 

Finish turn. 

Rough face. 

Finish face. 

Rough bore. 

Finish bore. 
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practice in production shops. These figures do not apply to any 
particular job, but can be used as a starting point. Cutting speeds 
can be increased 30 per cent or more if a coolant is used. 

CEMENTED CARBIDE TOOLS 

Carbide tools are now being made with tungsten, tantalum, 
titanium, and other alloys. Generally speaking, the tungsten 
carbides work better on cast irons than on steel, and titanium and 
tantalum carbides prove successful on steel. Selection of the 
prop>er grade for the work is important in all cases. American 
practice gives best results with high speeds and light feeds and cuts. 
Average speeds are given by Carl Pulvermacher of the Ex-Cell -0 
Corporation as 400 to 425 feet per minute. They cut steel of 520 
Brinell at 400 feet per minute. Interrupted cuts on steel may give 
trouble, but in cast iron they can run up to 900 feet per minute. 

Table 16.—Some Examples of Speeds and Feeds with Carbide 

Tools 


Operation 

Material 

^eed, in 
Feet per 
Minute 

Feed, in Inches 

Turning. 

/Aluminum 

1 Brass 
\ Bronze 
/ Cast iron 
j Cast iron 
/ Cast iron 
' 1 Steel S.A.E. 1040 
'Steel S.A.E. 4150 

1 Cast iron 

1 Cast iron 

Semisteel 

I. 3 SO 

31 S 
400 
520 
146 

70 

170 

300 

222 

26s 

120 

0.014 

0.015 

0.018, cut iV 
0.02s, cut iV 
0.03s, cut i 
0.070, cut i 

0.003, cut 1 
0.022, cut 1 

2.0, cut 0.020 

1.9, cut ^ 

A, cut iV 

1 

Milling. 

Planing. 



CHROMIUM-PLATED TOOLS 

Plating tools and gages with chromium has its uses. It builds 
up worn gages with a very hard surface. It is also used to build up 
worn reamers to size and increase their useful life. When drill 
flutes are chromium plated, the chips slide out more easily. Plating 
surfaces of cutting tools that do not have to be ground increases 
their life. 

Cases are cited where chromium plating the teeth of saws used 
in cutting insulation from between commutator bars increased the 
saw life ten times. Chromium-plated twist drills also last much 
longer in drilling slate and similar material. Some claim they 
equal tungsten carbide for this work. 

DIAMOND TURNING TOOLS 

There are relatively few standard diamond tools for turning, 
cutting, boring, reaming, and facing. These are usually made up 
to specifications for special operations on plastics, phenoloids, 
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caseins, compressed fiber, rubber, etc., and also on nonferrous alloys 
such as aluminum, brass, bronze, copper, etc. However, many 
standard types are made for special industries and crafts, among 
them, optical, engraving, jewelry, textile, radio, automotive, and 
electrical. Diamond tools for turning, boring, etc., are mounted 
with shaped diamonds, ground and polished to any requirements 



Diamond shaped+0a Diamond shaped too 

chisel head sharp conical point 



Cutoff Blade Swing Box Tangent 

toot tool tool 


Fig. 25. —Tools with Inserted Diamond Tips 

and limited only to sizes in which suitable stones can be obtained. 
Set two or more in spindles, diamond tools can be used for boring, 
reaming, and finishing large work. Also they are used regularly 
for turning large rolls, as, for example, calender rolls for paper- 
making machines. 

Size limitations are confined especially to special shapes required 
in single stones. Sometimes diamonds are matched and polished 
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Extra 

Finish¬ 

ing 

None 

None 

None 

None 

None 

None 

None 

Ruffing 

None 

None 

None 

None. 

Feed 

Automatic 

Direct drive 
Automatic 

Automatic 

Automatic 

Automatic 

Automatic 
Hand feed 
Automatic 

Hand feed 

Automatic 

Automatic 

Pieces before 
Relapping 

Indefinite 

Indefinite 

Indefinite 

Indefinite 
Indefinite 
20,000 to 30,000 

Indefinite 

4.500 

50,000 

100,000 

25,000 

Indefinite 

Pieces 

per 

Hour 

fO 00 000 NOO 0 00 

0 Os 0 too 10 M 0 0 0 fO 

0 MI-1 M (SO r- 0 

Revolu¬ 
tions per 
Minute 

0 00 000 000 0 00 

0 00 000 000 0 00 

0 10to-^o MOO 0 0*0 

M* 0* fO CO M M* CO CO CO CO CO 

Stock 

Removed 

0.003 to 0.00s 

0.008 to 0.010 

0.008 to 0.010 
0.008 to 0.010 
0.005 to 0.008 

0.008 to 0.010 
0.020 

0.010 

0.010 

0.008 to 0.010 
0.008 

Work Size 
in Inches 

2^ diameter 

X 18 

AX H 

4i long 

fl diameter 

1 X I 

2 diameter 

X I 

long 

3i diameter 

A diameter 

X H 

A diameter 
i X H 

AX i 
ij diameter 

X 8i long 

Material 

Bearing bronze 

Catalin 

Lynite (alum¬ 
inum alloy) 
Bronze 

Aluminum 

Copper 

Aluminum 

Hard rubber 

Hard rubber 

Celluloid 

Celluloid 

Bakelite 

Operation 

Turning roll. 

Recessing. 

Turning. 

Boring (finish) . . . 
Boring (finish).... 
Turning. 

Taming. 

Facing. 

Reaming. 

Reaming. 

Turning. 

Turning rod. 


Data from Arthur A. Crafts & Co. 
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to form, and then set in multiples for larger t)rpes of forming. On 
plastics, resinoids, alloys, etc., diamond tools, if correctly designed 
and used, usually produce a mirror polish in one operation. Only 
in very unusual cases.are further operations like buffing or polishing 
necessary. 

It is next to impossible to establish fixed rules of machine proce¬ 
dure for diamond tools because special equipments, methods, 
materials, and conditions apply so generally. Some actual case 
examples of diamond-tool results are shown in Table 17. They 
are not unusual cases but were taken at random from many shop 
studies, made recently under average shop conditions and with 
usual equipment. Figure 25 shows a number of tools with diamond 
tips. 

TUNGSTEN CARBIDE TOOLS 

These tools are very useful in machining materials having 
abrasive qualities, such as fiber and hard rubber. On this kind of 
work the tool life between grinds is often several hundred times that 
of high-speed steel. In general, best results are obtained with light 
cuts and high speeds on cast iron and on nonferrous metals. They 
are, however, being used successfully on steel in many places. 

Tools of this class are known by various trade names such as 
Carboloy, Firthite, and Vascaloy-Ramet, which includes tantalum 
as well as tungsten. These materials are used as tips brazed to a 
steel shank, which should be heavy for stiffness and to avoid 
vibration which tends to crumble the cutting edge. These tools 
require special care in grinding, as is illustrated on later pages. It is 
frequently economical to'use carbide tools in gang setups for the 
larger diameter work which can then be machined at the same speed 
as for the high-speed tools used on the smaller diameters. 

The following tool angles are suggested: 


Material 

Front 
Relief in 
Degrees 

Side 

Relief, in 
Degrees 

Side Rake 
Angle, in 
Degrees 

Nose 

Radius, in 
Inches 

Cast iron. 

6 

4 

12 

1 to li 

Soft steel. 

6 

6 

14 

1 to li 

Medium steel. 

6 

6 

14 

I to li 

Hard steel. 

4 

4 

14 

1 to li 

Nonferrous. 

6 

6 

Negative 



For planer tools, 7 to 14 degrees side or rake angle and 5 degrees 
relief are suggested for roughing cast iron. Some finishing tools 
have no side rake angle or back rake. They sometimes have 3 
degrees negative rake. 

Feeds and Speeds 

John C. Coonley, tool superintendent, and J. H. Howieson, 
timestudy manager, of the Walworth Company, recommend the 
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feeds and speeds in Table i8 for carbide tools on various kinds of 
work. 

PROPER DRESSING OF WHEELS 






LL 





^•‘‘•Crown 


FM 


face 





Sh^pe for roughing Shape for semi- Shape for 
on periphery of finishing on face sharpening on 

Sfraighf wheels, of cupvsPneels. face of cup wheel 
USE OF COMPOSITE ANGLES 
Si-eel shank otoes noi coniacl wheel 

on fin i sh grinds ^- Finishe d angle 



Rough grind af angle Finish grind on carbide 
4 deg. greoi+er +han +ip only oif final angle 
finished angle desired. desired. 


ALTERNATE GRINDING ON 
CARBIDE TIP AND STEEL SHANK 



Firs+duboffa Thenduboffa Keepalternafing 
small sec+ion small sec+ion until desired amount 
of steel shank, of carbidetip. is dubbed off 


MAINTAINING CONSTANT TOOL MOTION 



End View of Tool 

□oo □ 


Keep tool rocking 
durjpci rough and 
semi-rinisn grinding 


Fig. 26. —Grinding Carbide Tools 


Grinding Carbide Tools 

Carbide tools can be ground much faster by the method shown 
above than was formerly thought possible. It was suggested by 
N. N. Shepherd of the Carboloy Company. 
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Dress the wheel with a crown of ^ inch as in Fig. 26. All rough 
and semifinish dressing is done with a mechanical dresser. For 
finish grinding the cup wheel is dressed flat with a diamond impreg¬ 
nated carbide dresser. 

The main points to remember, for rapid grinding, are to use the 
double or composite angle, to alternate grinding between the carbide 
tip and the steel shank, to keep the tool in motion, to rough grind 

Table 18.—Feeds and Speeds of Carbide Tools on Various 
Materials 


Operation 

Surface 
^eed, in 
Feet per 
Minute 

Feed, in 
Inches 

Depth of Cut 
in Inches 

Pieces 
per Tool 
Grind 

Machining 500 Brinell 18 
chrome 0.90 carbon steel 

350 

0.002 

0.008 (2 cuts) 

100 

Facing carbon molybde¬ 
num steel castings. 

100 

0.032 

iio\ 

2$ 

Machining monel-metal 
valve yokes. 

150 

0.012 

A 

60 

Facing and turning bronze 
gate-valve wedges. 

700 

0.004 

A 

1,000 

Turning and facing stain¬ 
less gate-valve wedges.. 

80 

0.012 

'iS 

50 


on straight wheels, and to exert only moderate pressure while 
roughing and light pressure in semifinishing and sharpening. The 
illustrations which follow explain each operation. The finished 
ground angle shown is 6 degrees, and the angle for roughing is 10 
degrees. These angles may vary by about 2 degrees for heavy- 
duty tools and from 4 to 5 degrees for light duty. 

The use of correct grinding wheels is also an important factor. 
There are available today wheels which are entirely satisfactory for 
rapid grinding without injury to the carbide tip. The specifications 
follow: 

Silicon Carbide Wheels for Grinding Carbides 
(A) Straight Wheels 

(For roughing only. Wheels should not be used after wearing down 
to 6 inches diameter owing to excessive concave surface ground on 
tools when wheels wear down to smaller diameters) 

Carborundum.60R-WGG.(straight) 

Norton.3760I7.(straight) 

{B) Cup Wheels 

Rough Finish 

60R—WGG 120S—WHG 

(or looS) 
37120 H plus 7 
(or 37100) 


Carborundum 
Norton. 


3760I7 
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Under no circumstances should wheels other than special silicon 
carbide wheels be used for grinding carbide, and these wheels should 
be of the soft grades recommended. Correct wheel speed is about 
5,000 surface feet per minute. 





Fig. 27.— Details of Grinding Operations 

Detailed grinding operations are shown in Fig. 27 and are 
described below. 

1. Rough Top Face.—Rough hollow-grind top face of tool on periphery 
of straight wheel (with crowned surface). Hold tool in hands (not against 
table). Leave about A inch land at the cutting edge of the tool. Use 
60-gnt, soft, silicon carbide wheel. This free-hand grinding is done only 
when one or two tools are to be ground. When a quantity of tools with the 
same top side rake are to be ground, set the table at the proper angle to save 
time and maintain the correct top rake. 

2 . Rough Front Clearance.—Set table rest at 10 degrees (4 degrees greater 
than finished angle desired), and rough-grind front clearance, leaving about 
A inch land at cutting edge. Hold tool against table rest. Use same wheel 
as in (i). Angle at which table rest is set will vary with the diameter of the 
wheel. However, 10 degrees should be angle on tool. 

3. Rough Side Clearance.—Rough-grind side clearance. Use same wheel 
and same angle of table rest as in (2). 

4. Semifinish Top Face.—Using face of cup wheel (prepared with to 
A inch crowned surface), and with table rest set at finished angle desired, 
semifinish-grind top face of tool. Use 100- or 120-grit, soft silicon carbide 
wheel. 

5. Semifinish Side Clearance.— Set table rest at 6 degrees (finished angle 
desired). Reverse wheel direction and on left-hand face of wheel semifinish- 
grind side clearance. Note that wheel rotation is always/rom carbide tip io 
steel shank. Use same wheel as in (4). 

6. Semifinish Front Clearance.—Semifinish-grind front clearance, also 
radius on nose of tool. Use same wheel as in (5). 

7. Sharpen Top Face.—Set table rest for correct top side rake. On same 
wheel as in (6), dress a flat surface on the face, using diamond-impregnated 
carbide dresser, and use wheel dressed in this way for the following operations 
which are required to sharpen the tool, (8), (9), (10). Reverse direction of 
wheel and on right-hand face of wheel, sharpen top face of tool. 

8. Sharpen Side Clearance. —Set table rest on 6 degrees (finished angle). 
Reverse wheel, and on left-hand face of wheel finish-^ind side clearance. 
Use wheel dress^ the same as in (7). Examine for finish by holding the tool 
so that light reflects across the surface of the tip. 
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9. Sharpen Front Clearance. —Finish-grind front clearance, using wheel 
dressed the same as in (8) and table rest at same angle. 

10. Sharpen Radius. —Finish-grind radius on nose of tool. Use same 
wheel as in (9) and table rest at same angle. 

Wheh it is necessary to grind the top face, this is always done before 
grindii^ on the side or front clearances. This is particularly important 
when nnish-grinding, if the best possible cutting edge is desired. When 
grinding on the top face, the movement across the face of the cup wheel is 
limited to a small area. Because of this, a slight recess is formed in the 
wheel as the tool is being ground. The corner of this recess rubs the front 
and nose of the tool and tends to dull those surfaces. By grinding the front 
and side clearance last, this difficulty is avoided. 


Sharpening on Diamond Wheels and Lapping Discs 

The procedure for finish-grinding, or sharpening, carbide 
tools on diamond wheels or lapping discs is the same as 
operations shown in Fig. 26. Use less pressure of the tool 
against the wheel and, when employing diamond wheels be 
careful to use the entire surface of the wheel, keeping the tool 
slowly in motion across the wheel. When the diamond wheels 
become loaded, apply pumice stone lightly against the revolving 
wheel. Frequently an ordinary paint brush saturated in kerosene 
will be sufficient to open up the wheel. For lubricating the wheel, 
use kerosene applied at the rate of about 40 drops per minute. 

When using diamond-charged lapping discs follow the same 
sharpening procedure as described for diamond wheels. Occa¬ 
sionally add a small amount of No. 4 diamond dust immersed in 
olive oil to the surface of the tool in contact with the disc. 

STAINLESS STEEL 

High-chromium steels tend to gall or seize under pressure, and 
chips weld to the tool, producing a built-up edge which heats the 
tool and interferes with the finish. Chromium-nickel stainless 
steels also work harden rapidly from the tool action, particularly 
in milling and drilling. Speed should be reduced, the feed increased, 
and the tool kept cutting, as idling glazes the work. 

Straight chromium steels can be turned at 50 to 75 feet per minute 
and chrome nickel at 30 to 45 feet. These speeds can be doubled 
in the free machining grades. A steep top rake of 20 to 22 degrees 
helps prevent galling, especially if the top of the tool is stoned. 
High-sulphur-base oil (i pound of sulphur to the gallon) is a good 
coolant. Tool upkeep is two or three times that for mild steel. 
Yet stainless is machined in automatics if hardness is between 200 
and 240 Brinell. 

Drill at about half speed for mild steel, and keep drill feeding. 
Cast iron makes a good backing for steel being drilled. Turpentine 
added to the sulphur-base oil helps in drilling. 

Threading is similar to soft brass for both chasing tools and taps. 
Tap at about 15 feet surface speed for straight chromium and 
9 to 10 feet for chrome nickel. Increase speed 50 per cent for free 
machining grades. A paste of white lead and high-sulphur oil 
helps in threading. High-speed taps and dies, collapsible where 
possible, are best. 
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SIZES OF CENTERS IN ARBORS 

The accompanying table gives a few of the sizes of center drills 
and countersinks used by the Remington Arms Co., Ilion, N. Y., 
on its mandrels. 


Table 19.—Center Drills and Countersinks 


A 

Diam. of 
Mandrel 

B 

Largest Diam. 
of Center 

C 

Size of 

Drill 

D 

D^th 
of Hole 

0.25 

0. 12 

0.052 (#55) 

o.iS 

0.50 

0.25 

0.102 (#38) 

0.30 

0.75 

0.38 

0.152 (#24) 

0 . 4 S 

1.00 

0.50 

0.199 (#8) 

0.60 

1-25 

0-53 

0.213 (#3) 

0.64 

1.50 

0.56 

0.228 (#1) 

0.68 

1-75 

0-59 

0.238 (#B) 

0.73 

2.00 

0.62 

0.250 (#E) 

0.77 

2*50 

0.69 

0. 272 (#1) 

0.85 

3.00 

0-75 

0.302 (#N) 

0.94 

3-50 

0.82 

0.323 (#P) 

1.00 

4.00 

0.88 

0.348 (#S) 

1 

1.10 


Chart of Metal Removed at Various Cuts, Feeds, and Speeds 

The chart enables rapid estimating of metal removed under 
varying conditions. To use the chart, start with the depth of cut 
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at bottom of left side. With a i-inch cut and J-inch width feed 
at 8o feet per minute, start at i-inch feed, go up the f-inch feed line, 
across to 8o-feet cutting speed, which shows that 6o cubic inches per 
minute is being removed. Depth of dut is also shown in decimals 
of an inch, and the figures in the center show the area of the cut in 
square inches. 


CHIP BREAKERS 

Chip breakers are very useful in high speed turning with carbide 
tools. The Carboloy Company make the following suggestions: 
Fit each chip breaker to the job. Ground-in, step type shown in 



diagram is usually best. The table below shows recommended 
width W. A breaker depth of 0.020 inch is generally satisfactory. 


! 

Depth Cut, 


Peed, 

in Inches per Rev. 


in Inches 







.008-.012 

.013-.017 

.018-.022 

.023-.027 

.O28-.O32 

A-A 

A 

5 

64 

A 

A 

1 

8 

A-i 

A 

i 

A 

H 

A 

A-i 

i 

A 

A 

ll 

64 

A 

A-i 

A 

A 

A 


1 

4 


TURNING TAPERS BETWEEN CENTERS 

Tapers can be cut between lathe centers either by setting over the 
tail center or by using a taper attachment. In either case the angle 
must be one-half the difference in diameters between the two ends 
of the taper, if it extended the whole length of the piece. To turn 
a piece 20 inches long, 5 inches at one end, and 3 inches at the other, 
as Fig. 28, the tail stock must be set over i inch, this being one-half 
of the difference between 5 and 3. 

If the taper extends only half the length of the piece, with the 
same difference in diameter, the tail stock must be set over twice as 
far, or 2 inches, for the true taper is now from 3 inches at the small 
end and 7 inches at the large end. The difference is 4 inches, mak¬ 
ing it necessary to set the tail stock over 2 inches (see Fig. 29). 

A third case is shown in Fig. 30, where the taper is not at either 
end. With the same difference between large and small diameters, 
the taper is again twice as great as in Fig. 29, the dotted lines showr 
ii;g the taper extended the whole length of the piece. This would 
be 1 inch at the small end and 9 inches at the large end, a difference 
of 8 inches, requiring a setover of 4 inches. 
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Extreme tapers of this kind are not easy to turn by setting over 
the tail stock. The point of the cutting tool must be set at the 



Fig. 29. Fig. 32. 



Figs. 28 to 33. —Tapers and Setover in Lathe. 


same height as the lathe centers. Figures 31,32, and 33 show work 
set over in lathe. 

SPINNING 

Spinning is an old process of forming sheet metal over a wood or 
metal form as both are revolved in a lathe. Skill is required to con¬ 
trol the flow of metal as desired. 
Speeds vary from 500 to 2,000 
revolutions per minute, and some 
lathes are powered with a 5 horse- 
power direct-current motor. 
Spinning lathe spindles are made 
to stand an end pressure of 2,000 
pounds. 

TURNING SPRAYED METALS 
Many surfaces built up with 
sprayed metal require turning to 
size. Unless tools are sharp and 
both speeds and feeds right, the 
sprayed coating may be torn off. 
Sprayed steels sometimes form 
a hard ring near the ends of the undercut section. These hard 
rings should be turned first with a flat-nosed tool, fed straight in 
(see Fig. 34). Tungsten carbide tools are useful in this work. 


Hash / 



•J U' 

Feed in 

‘ Fig. 34. 
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Table 20.—High-speed Tools, Speeds and Feeds eor Machin¬ 
ing Sprayed Metals 

rD“J>c/e cuffmg-edge angle 
^-Nose radius 

iQ^ End cuff mg- 
“1 ^ / edge angle 

-L-—/! , \A-side rake 

l5‘providedby W angle 

holder!S:-r2:ii=^j4-om^ 

tO 




Sef fool for as f 
small end relief 
as possible 


b'Side 

relief 

angle 


Tool No. 


Angles, 

Degree 


Nose Rad. 

E Inches 

A 

D 

C 

1) 

I 

0 

10 

10 

3-5 

0.030 

2 

10 

10 

10 

3 -S 

0.030 

3 

IS 

10 

10 

3-5 

0.040 


Metal 

Tool 

No. 

Surface 
Speed, Ft. 
per Min. 

Feed, In. 
per Rev. 

Aluminum*. 

3 

ISO to 200 

0.003 to 0.005 

Sprababbitt. 

3 

ISO to 250 

0.005 to 0.007 

Sprabrass Yt. 

2 

100 to I2S 

0.003 to 0 005 

Sprabronze A. 

I 

100 to I2S 

0.003 to 0.005 

Sprabronze Cf. 

3 

100 to 125 

0.003 to 0.005 

Sprabronze M. 

I 

100 to 125 

0.003 to 0.005 

Sprabronze P. 

I 

100 to 125 

0.003 to 0.005 

Sprabronze T. 

1 

100 to 125 

0.003 to 0.005 

Monel. 

3 

100 to I2S 

0.003 to 0,005 

Nickel. 

3 

100 to I2S 

0.003 to 0.005 

Sprairon AJ. 

3 

75 to 100 

0.003 to 0,005 

Copper*. 

3 

100 to I2S 

0.003 to 0,005 

3 

ISO to 250 

0.005 to 0.010 

Metcoloy No. i. 

Metcoloy No. 2. 

3 

100 to 125 
Grind 

0.003 to 0.005 

Sprasteel lot. 

3 1 

75 to 100 

0.003 to 0.005 

Sprasteel 25 +. 

2 

50 to 75 

0.003 to 0.00s 

Sprasteel 40^. 

Sprasteel 80. 

Sprasteel 120. 

2 1 

1 SO to 75 
Grind 

Grind 

0.003 to 0.005 

Tin. 

3 1 

1 ISO to 250 

0.005 to 0.007 

2inc. 

3 1 

ISO to 2SO 

0.005 to 0.007 


Note: Do not use this treatment on Metcoloy No. i, nickel, monel, 
Sprabronzes A, M and P, since it will result in a poorer rather than better 
machine finish. 

* The same treatment applied to copper and aluminum will give a slight 
improvement to the machine finish*. 

t To improve the machine finish on Sprabronze C and Sprabrass Y, apply 
a liberal coat of a mixture of one part cylinder oil plus one part kerosene to 
the sprayed metal with a brush, and allow to stand for 20 to 30 min. before 
maemning. 
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They give better finishes than high-speed steel. The tool may be 
set on center for roughing and raised slightly for finishing. The 
tool can be raised more when turning sprayed monel, nickel, or 
bronze. 

As cuts on sprayed metal are seldom over 0.020 in. deep the side 
cutting angle is of little importance. Tool shapes for both high¬ 
speed steel and carbide tools are shown in Tables 20 and 21. 

Table 21.— Recommended Speeds and Feeds for Tungsten- 
Carbide Tools 


Side reh'ef r^^S/de rake ang/e^S^nax, 
angfe * 7 ® /, "rEnd cuffing-edg^ 

M'ongle^lS- 


Side cuHin^ge 1 - 1 

angle - 0 * 5 ®- - 

N. ^Back rake angfe » 6** max.^ 

- Joolbd \ 

for holder - 1 

**\ '^^’^Siraighf- 

^ -z^nd relief angle * 7 *^ shank foo/ 


Metal 

Surface Speed, Ft. per 
Min. 

Feed, In. per Rev. 


Roughing 

Finishing 

Roughing 

Finishing 

Sprabrass Y. 

250 to 300 

300 to 350 

0.006 

0.002 

Sprabronze C. 

2.S0 to 300 

300 to 350 

0.006 

0.002 

Sprabronze M. 

250 to 300 

300 to 350 

0.006 

0.003 

Sprabronze P. 

250 to 300 

300 to 350 

0.006 

0.003 

Sprabronze T. 

250 to 300 

300 to 350 

0.006 

0.003 

Copper. 

250 to 300 

300 to 350 

0.006 

0.003 

Sprairon. 

75 to 100 

100 to 125 

0.006 

0.003 

Metcoloy No. i. 

100 to 125 

125 to I 7 S 

0.006 

0.003 

Metcoloy No. 2. 

30 to 40 

30 to 40 

0.004 

0.003 

Monel. 

200 to 250 

250 to 300 

0.004 

0.002 

Nickel. 

200 to 250 

250 to 300 

0.004 

0.002 

Sprasteel lo. 

75 to 100 

75 to 100 

0.006 

0.003 

Sprasteel 25. 

SO to 75 

50 to 75 

0.004 

0.003 

Sprasteel 40. 

30 to 40 

30 to 40 

0.004 

0.003 

Sprasteel 8o. 

30 to 40 

30 to 40 

0.004 

0.003 

Sprasteel 120. 

30 to 40 

30 to 40 

0.004 

0.003 

Sprasteel S2E. 

30 to 40 

30 to 40 

0.004 

0.003 






















SECTION X 

MILLING-MACHINE FEEDS AND SPEEDS 


War demands for increased production brought drastic changes 
in milling machine and cutter practice. Cutter designs have been 
changed and both speeds and 
feeds increased far beyond pre- 
vious rates. In some cases on 

light cuts aluminum and mag- / \ 

nesium are being milled at f j f \ 

20,000 surface feet per minute r r j j 

and steel at 1,200 feet, but xIT } Max. chip 

these speeds do not represent I /''^thickness 

average practice. Much de- r - -1 

pends on the condition of the c—-—( 

spindle bearings and their sup- ( * 'Min. chip thickness 

port, on the strength of the • _ 

machine, on the rigidity of the Tablf> tra\/pl 

work and fixture which holds f' •c' a- • f n f 

it, on the cutters themselves, ^ agamst Cut 

and on the power available at ^p” or Out” m.llmg 


"'Min. chip thickness 


macmne, on tne ngiaity 01 me Tablt^ tra\/f>l 

work and fixture which holds f' •c' a- • f n f 

it, on the cutters themselves, ^ agamst Cut 

and on the power available at ^p” or Out” m.llmg 

the spindle. It is essential that there be no vibration in the 
machines, that the slides guide the wmrk without shake, and that 
there be no backlash in any of the feed screws or other feeding 
mechanisms. 

Compensating feed nuts now 
• ^ eliminate backlash in feed 

screws and make climh or down 
/ 1 \ feed possible, in mechanically 

V / \ operated feeds. This has ad- 

I r _A_ \ vantages in most cases where 

\ t J T” milling is done with the pe- 

\ L- riphery or outside of milling 

\ ' AV cutters used for flat surfaces 

I -1 on horizontal spindle machines, 

j ^ j sometimes known as slab mill- 

) ^Min.chip bhickness ing. This term also applies to 

' - narrow faced cutters used in 

Tah/e fravef cutting slots of keyways. It 

Fig. 2.—“ Climb” Cutting “Down” is necessary to avoid confuaon 
or ‘Tn” Milling between this type of milling 

and the use of face- or end- 
mills for surfacing, or for cutting keyways, particularly in view of 
the trend toward using milling cutters with negative instead of posi¬ 
tive rake to the teeth, for some classes of work. 


Tabte fravef 

-“Climb” Cutting “Down” 
or “In” Milling 
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Terms indicating direction of feed have not been standardized. 
“Conventional’^ and “climb” milling are likely to give way to 
“up” and “down” milling or to “in” and “out’^ milling. For slab 
milling “up” and “down” are quite descriptive but for both slab 
and face milling “in” and “out” seem better, and are advocated 
by Prof. O. W. Boston. See Figs, i and 2. 

Neither the high speeds mentioned nor the new types of cutters 
mean that all former practice has been abandoned. Because of 
existing low-powered milling machines, of older types of cutters, 
and of the small quantities involved in many cases, much of our 
former practice as to feeds and speeds will be continued in many 
shops. But the newer methods should be carefully studied and 
understood so that they may be applied whenever it is possible to 
do so to advantage, as they have shown greater productive possi¬ 
bilities than ever existed before. 

The essential requirements of high-speed milling are: cutters that 
will stand impact with the work at high peripheral speed; positive 
feed which gives a chip of sufficient thickness to each tooth as it 
strikes the work; and power enough to revolve the cutter at a 
speed which secures the most economical results when cutter life 
and other factors are considered. It is assumed that the work is 
substantial enough to stand the most economical feed, that it is 
rigidly held in its fixture, and that the machine has the necessary 
strength and power for the work. 

Assuming that sufficient power is available at the spindle, the 
feed per minute can be easily calculated if one knows the speed at 
which the cutter can safely be run in any given material, the eco¬ 
nomical chip thickness per tooth, and the number of teeth in the 
cutter. A single tooth or fly cutter, running 3,000 r.p.m. with a 
chip load of 0,005 inch, would give a feed of 3,000 X 0.005 or 
15 inches per minute. With two teeth, the feed rate would be 
30 inches per minute and would presumably take twice the power, 
so that both on account of the power required and on account of 
the cost of cutters, there is a tendency to use as few teeth as is 
possible or practicable. With carbide cutting edges this is an 
appreciable saving. Carbide tipped cutters, brazed or welded to 
cast or low grade steel centers or bodies, are proving both very 
economical and very satisfactory. Arthur A. Schwartz, chief tool 
research engineer for Bell Aircraft Corporation, who has pioneered 
much development along this line, favors meehanite for the cutter 
body, feeling that it helps absorb vibration more than some steel. 
He has done some remarkable milling with single-tooth helical 
cutters on wide surfaces and advocates as few teeth as practicable 
for almost all classes of work. Milling cutters with from four to 
six teeth are common even in diameters up to 6 and 8 inches, and 
for very high speeds on soft metals one and two teeth are often used. 
Another advantage of cutters with few teeth is the large chip space 
between them. 

Flywheels on milling machine spindles are highly desirable, 
especially where the chip load per tooth is heavy. They prevent 
any slowing down of the cutter while it is in contact with the work, 
or any acceleration on leaving the cut. They also help lengthen 
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the cutter life and make a more smoothly running machine. Fly¬ 
wheels should be as near the milling cutter as possible. In some 
special cases the cutter body has been fastened to the flywheel. 
Some advocate a flywheel at each end of the spindle to avoid any 
tendencv of the spindle itself to twist under heavy^^load. The fly¬ 
wheel snould be heavy enough to ensure steady running of the 
cutter at all times. 


NOMENCLATURE OF MILLING CUTTER TEETH 


To avoid misunderstandings regarding the meaning of terms used 
in discussing milling cutter teeth and their angles, the illustrations 
show what is being considered by the Committees of the American 


Cenfsr 

ofeuffer 


Toofh face 
Cuff/ng edge or//p 
Back of tooth 
y Chip space 
^ 1 , Land ^32 to '/jq in. 



Lip angle -— 


/ Root radius or gullet 


45°Primary 
clearance angle 


^Reliefangle 


SS^Secondary / 
clearance angle 

Fig. 3.—Plain Milling Cutter Teeth. Suggestions for High-Speed 
Steel Cutters for General Use. 


Society of Mechanical Engineers, of which Prof. O. W. Boston is 
chairman. These terms have been suggested for plain or slab cut¬ 
ters, for side-milling cutters, and for face-milling cutters. An 
understanding of them will avoid confusion in describing or discuss¬ 
ing cutting and other angles. The values given are suggested as 
being suitable for high-speed cutters. See Figs. 3, 4 and 5. 


FEEDS AND SPEEDS 

Developments in milling practice include the use of milling cut¬ 
ters with carbide tips brazed to cast iron or steel bodies, of those 
with blades of solid carbide held in the body by wedges of different 
sorts, and in some cases of small cutters where the whole cutter 
body is formed of carbide and ground to the desired cutting angles 
and clearances. Cutters with negative rake are also being used 
successfully in milling steel, and much higher cutting speeds have 
been adopted in many cases. Negative rake cutters usually pro- 
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duce a smoother finish on the work because of the burnishing 
action, but in most cases they take more power. Some contend 
that the excess of power they require over positive rake cutters 
decreases as the speed is increased and that at high speeds less 
power is needed than with positive rake. This is attributed to 


^S^Secondary 

peripheral Primary 

clearance \y'' \ peripheral 
angle , 



Primary face 
clearance angle 

^-2^fo5^Fac€ 
relief angle 


/z Face a if ting edge angle 


Fig. 4. —Side-Milling Cutter. Suggestions for High-Speed Steel 
Cutters for General Use. 



permit radial adjustment 
required by peripheral 
¥rear as in deep cuts 



blade placed In holder to 
permit axial adjustment 
required by face wear 
as m shallow cuts 


Fig. 5.—Face-Milling Cutter. High-Speed Steel Cutters for 
General Use. 


the heating and softening of the metal at the higher speeds, but 
this is not the universal opinion. 

The best speeds and feeds to be used still depend on the material 
being cut, the power of the machine, the kind of cutter, the ability 
of the work to withstand the pressure of the cutter, and the ability 
of the fixture to hold the work against deflection or loosening. 
Whether carbide or high speed steel cutters are used, probably 
the most important factor is the thickness of the chip taken by each 
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tooth. Regardless of the material in the cutter, a light, scraping 
cut is injurious to the cutter. Each tooth should have a definite 
and substantial chip to secure the best results. The tendency 
toward coarse-toothed cutters has increased in the case of carbide 
cutters, one fairly common practice being to make the number of 
teeth two more than the diameter of the cutter in inches. In 
many cases where the speed can be high enough to warrant it, 
especially on aluminum and the softer metals, single tooth or fly 
cutters are used very successfully. On some light cuts in alumi¬ 
num, speeds of 20,000 surface feet per minute have been used. 

Since cutter wear depends on the number of contacts with the 
work, it is evident that the more metal to be safely removed by 
each tooth the longer the cutter life. But the fact that the heavier 
chip requires more power may limit the number of teeth to be used. 
It must also be remembered that the chip taken by a milling cutter 
differs materially from that of a lathe tool which# is of uniform sec¬ 
tion. With the milling cutter, the chip varies from start to finish. 
This variation depends on the kind of cutter and the method of 
feeding it to the work. With the slab milling cutter using the up 
or conventional feed the chip begins at zero thickness and ends with 
the maximum. With the climb or down feed this is reversed. In 
face milling, which is being used wherever it can be applied in most 
cases, the chip thickness varies with the relation between the 
diameter of the cutter and the width of the work. It also varies 
with the location of the entering edge of the work with relation to 
the center of the cutter. 

Tests at the Brown & Sharpe Manufacturing Company and else¬ 
where show that coarse tooth milling cutters require less power to 
remove a given amount of metal. They also leave a better finish. 
Milling efficiency is increased by heavy feeds per tooth. Coarse 
teeth also have less tendency to chatter. Rake angles affect the 
power needed. For carbon and high-speed cutters positive rakes 
are in general use, but for carbide cutters on steel the negative rake 
angles give much longer cutter life and a smoother finish. The 
positive rake angles vary, but rarely are over 10 and 15 degrees. 
High-speed cutters in which the face of the tooth is curved and which 
have up to 20 degrees positive angle show small power consumption. 
This is attributed to the curved face helping to curl the chip, and 
so taking less power. 

Much research has been devoted to the action of milling cutters 
on various metals, principally steel, cast iron, and aluminum. The 
large makers of milling machines have made public the results of 
their work through the Mechanical Engineering Committee of the 
A.S.M.E., which has worked in conjunction with the Research 
division of W.P.B. Much of this and other data has been issued 
to those engaged in making war materials to speed production of 
much needed equipment. Makers of various cutting materials, 
especially of the carbide types, have also supplied valuable data 
which have helped the war effort and which can be of great value to 
all shops engaged in peacetime work later. 

Chip formation is being studied by those responsible for economi¬ 
cal milling practice. The deformation of the chip as it leaves the 
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tool adds heat which indicates power consumption. Fortunately 
most of this heat goes into the chip instead of in the cutter and the 
work. Deformed or closely rolled chips turn a dark blue just as 
in drawing the temper of a tool. Particles become red hot, as 
from a grinding wheel. Chips which are not so deformed remain 
at a straw color or are hardly colored at all. These chips are not 
tightly curled but remain almost flat and indicate that less power 
is required to remove them. Chips of this type evidently indicate 
greater efficiency in removing metal. 

RAKE AND HELIX ANGLES OF MILLING CUTTERS 

“Rake” is the angle between the cutting edge and the work. 
With the cutting edge at right angles to the surface being cut, the 
tool has a “zero” rake. Where the cutting edge is ahead of the 
axis of the cutter, and gives a shearing cut, the rake is positive. If 
this is reversed, with the cutting edge behind the axis of the cutter, 
the rake is negative. 

Similarly, the helix angle of the cutting teeth is zero, positive, 
or negative, depending on their relation to the cutting edge. As 
can be seen, these terms apply only to face or end mills. On milling 
cutters of the slab or peripheral type, the helix angle is merely 
right-hand or left-hand. 

When both radial and axial rake angles are used, the net results 
may not be what they seem to be. This is shown clearly by M. 
Kronenberg on the following pages, which should be studied care¬ 
fully. Combinations of axial and radial rakes should only be 
made after understanding how they affect each other. An unusual 
combination which gives good results is shown in Fig. 15. 

TRUE RAKE OF TEETH OF FACE MILLS 

The increasing use of face mills with negative rake cutting edges 
makes it necessary to consider the true rake in determining the 
performance of the cutter. This is explained by M. Kronenberg, 
Eng. D., of the Research Department of the Cincinnati Milling 
Machine Co., as follows: 

“A face mill with its teeth set at a 10 degree negative radial rake 
angle may in effect be cutting with a positive rake. 

“When the axial and radial rakes are both positive or both nega¬ 
tive, the true rake may be greater than either one of them. 

“The true rake of a cutter can be varied many degrees without 
changing either the axial or radial rake.” 

These strange statements are explained by the fact that the 
“true” rake is an angle which is the resultant of three others—the 
radial rake, the axial rake, and the corner angle. To describe a 
cutter by means of only the first two of these components is 
insufficient. See Figs. 6 to 9. 

True rake is measured at right angles to the projection of the 
cutting edge on the reference plane. In general it serves as a useful 
index to cuttejr performance since it affects not only the tool life 
but also the finish quality of the work, the power consumption, 
and the deflection of the machine. In extreme cases where the 
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cutting edge is greatly inclined to the reference plane, its angle of 
inclination must also be considered in estimating cutter performance. 

Since it is therefore necessary for the practical designer and user 
of cutters to think in terms of true rake, it is desirable to have some 
easy means for determining what this significant angle will be for a 
given combination of its three components. 

The alignment chart on Fig. 10 permits the reading of the value 
and variation of any one of the angles if the three other angles are 
given or varied. It is necessary only to lay a straightedge across 
the chart connecting the values for the given angles. 




If the true rake is to be determined, the given value of the radial 
rake should be connected with the value of the axial rake. The true 
rake can then be read for any value of the corner angle at the inter¬ 
section of the ruler’s edge with the vertical line. 

If, on the other hand, a certain value for the true rake is desired 
and the corner angle and radial rake are given, the required axial 
rake can be determined by laying a straightedge from the radial 
rake value through the proper intersection point between the 
corner angle and the desired true rake value. When the other end 
of the straightedge crosses the axial rake scale, the proper axial 
rake value can be read directly. 

By experimenting with the alignment chart, choosing various 
combinations of values and considering the situations caused by 
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multiple corner angles or rounded tool noses, many important facts 
can be learned. Among them are the following significant results. 

1. Grinding a different corner angle on the tooth of a cutter 
changes the magnitude of the true rake and affects cutter 
performance. 

2. A chamfered cutting tooth has two different true rake angles, 
and three where there are two chamfers. 

3. On a tool with a rounded nose, the true rake varies along the 
curved portion because the corner angle varies from point to point 
of the cutting edge. 

4. The true rake will always be positive if the axial rake and the 
radial rake are both positive; it will always be negative if these 

Rodial Rake Axial Rake 



O’ 5’ 10’ 15’ 20’25’30’35'40*45'50'55’60“ 65’ 70" 73* 00’ 85' 90' 


Corner Angle 

Fig. 10. —Resultant Angle Due to Continued Rake and Helix 
Angles. 

rakes are both negative. The true rake, however, can be either 
positive or negative if the axial and radial rake have opposite signs. 

5. Changing the radial rake will appreciably alter the true rake 
if the corner angle is small, but will have little effect if the corner 
angle is large. Conversely, changing the axial rake will have little 
influence on the true rake if the corner angle is small, but an appreci¬ 
able effect if the angle is large. 

The alignment chart and conclusions hold also for lathe tools, if 
the term “axial rake’^ is replaced by “back rake’’ and the term 
“radial rake” by “side rake.” 

When collecting production data it will often be useful to plot 
tool life vs. true rake; this will not necessarily give a straight line, 
because of the influence of other factors such as friction. Such 
plotting will allow judging and improving results which might be 
difficult to comprehend. 

Examples 

I. Given: a radial rake of ± s degrees and an axial rake of ± to degrees. 

Required: the corner angle which will give a true rake of ± 10 degrees. 


CHIP THICKNESS 


383 


Solution: The point of intersection between the straight edge (yellow line) 
and the ±10 degrees rake line falls between the 3S-degree and 40-degree 
corner angle vertical line (arrow), indicating about 37 degrees for the required 
comer angle. 

2. Given: a radial rake of —5 degrees, an axial rake of.— 10 degrees, and 
a corner angle of 20 degrees. 

Required: the true rake. 

Solution; The point of intersection between the ruler’s edge and the 
20-degree corner angle line falls between the — s-degrcc and — 10-degree rake 
lines (arrow) indicating that the true rake is approximately — 8 degrees. 

3. Given: a radial rake -|-s degrees and an axial rate of — 10 degrees. 

Required: the range of corner angles which will result in negative rakes. 

Solution; The ruler’s edge dips below the zero rake line at the 20-degree 

corner angle line (arrow), indicating 
that the true rake will be negative 
for any corner angle greater than 26 
degrees. 

Varying Chip Thickness 

Chip thickness varies widely 
with the relation between the 
cutter and the work, especially 
in face milling. In slab milling 
the chip varies from zero to the 
feed per tooth, whether the feed 
is lip or down. In face milling 
the variation depends on the 
relative width of the work and 
the diameter of the cutter. Both 
cases are shown in Fig. 11. 

W 



Fig. II.— Z>, Cutter Diameter; 
IF, Width of Work; F, Feed per 
Tooth. 


D 


= ratio of width of work to cutter diameter 


a = included angle of cut 

C = normal thickness of chip at edge of work (per cent of feed per 
tooth) 


w 

D 

a 

C, % 

W 

D 

a 

C, % 

w 

D 

a 

c. To 

1.00 

180° 

0 

0. 70 

890 

71 

0.3s 

41° 

94 

0.98 

157° 

20 

0.65 

81° 

76 

0.30 

35 ° 

95 

0.95 

142° 

32 

0.60 

74 ° 

80 

0. 25 

29° 

97 

0.90 

128° 

44 

0.55 

67° 

83 

0. 20 

23° 

98 

0.85 

116° 

53 

0.50 

60° 

87 

0. 15 

17° 

99 

0.80 

106° 

60 

0.45 

54 ° 

89 

0. 10 

iii° 

99 

0-75 

97 ° 

66 

0.40 

47 ° 

92 





With the work the same width as the diameter of the cutter the 
chip is of zero thickness at each end and maximum thickness in the 
center. The thickness at the edge of work of various widths as 
compared with different cutters is shown in the diagram and table 
prepared by L. B. Mayo of the Brown & Sharpe Mfg. Co. It is 
usually advisable to have the cutter diameter at least one-third 
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more than the width of the work. 
To mill work 3 inches wide the 
cutter should be at least 4 inches 
in diameter. If, as sometimes 
happens, a burr forms where the 
cutter enters the work as at B in 
Fig. 12, this may be corrected by 
moving the work so as to increase 
the overhang A on the entering 
side. 

The location of the edge of the 
work with regard to the center of 
the cutter also affects the angle of contact between the cutting 
blade and the work. When the contacting edge is below the center 
of the cutter the first impact on the tooth is behind the cutting 
point of the tool. In 
milling across a round 
bar the angle of con¬ 
tact is constantly 
changing from the first 
contact until the bar 
is milled all the way 
across. 


Suggested Milling 
Speeds for Carbide 
Cutters 

The suggested mill¬ 
ing speeds which fol¬ 
low are by the courtesy 
of the Cincinnati Mill¬ 
ing Machine Company 
and bear the date of 
June 21, 1944. They 
are based on conditions found in their own shop practice and may 
be revised as experience dictates. 





100 150 200 300 400 

Brinell hardness 

Fig. 13. —Relation between Hardness and 
Speed. 



Brinell 

Hardness 

1 Cutting Speed, in Feet per Minute | 

Typical 

Material 

Average 

Limits, 10 Per 
Cent of Average 

no 

750 

675 to 825 

SAE 1020 

165 

630 

567 to 693 

SAE III 2 

180 

600 

540 to 660 

Annealed 

200 

57 ° 

S13 to 627 

Alloy 

220 

540 

486 to 594 

Steels 

250 

500 

450 to 550 


300 

450 

405 to 495 

Hardened 

32s 

425 

382 to 468 

Alloy 

350 

400 

360 to 440 

Steels 

400 

360 

324 to 396 



i 4 ote. —For steel castings and forgings where hard inclusions may be 
encountered, the above recommended cutting speeds should be reduced 
about one-third. 
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General Rules for Speed Selection 

Always find hardness of steel first. Too high a speed on hard 
steel may ruin the cutter instantly. 

Start a new job with the average speed recommended. If the 
cutter sparks prematurely, reduce the speed to the lower limit. 

For a fine finish, use higher speed limit. For maximum cutter 
life, use lower speeds. 

If the carbide edge begins to fail rapidly by abrasion, reduce the 
speed. If it begins to crater prematurely, increase the speed. 
The chart Fig. 13 gives a general idea of the relation between hard¬ 
ness and speed. 

General Rules for Feed Selection 

Table i.—Recommended Feeds for Milling Steel with 
Carbides 

Feed per Tooth, 

Type of Milling in Inches 

Face.0.006 to 0.012 

Side or straddle.o. 008 0,012 

Slab. 0.008 0.012 

Slotting.0.006 0.010 

Sawing. o. 003 o. 006 

Maximum feed depends on power available in the machine and 
on the rigidity of the work and fixture. Check these to determine 
feed. 

Select the feed. Remember that for shallow slotting cuts the 
maximum chip thickness may be only 10 per cent to 50 per cent of 
the feed per tooth. On such cuts increase the feed so as to obtain a 
maximum chip thickness of 0.004 to 0.008 inch. 

If the carbide edge begins to fail rapidly, increase the feed per 
tooth. 

If it begins to crater too rapidly, reduce the feed per tooth. 

The cutting edge builds up less at higher speeds. 

Points on Milling 

1. Wear on positive rake cutters increases power consumption 
much faster than wear on negative rake cutters. The greater the 
negative angle the less the increase in wear. 

2. Spindle speeds should not be a multiple of the number of 
teeth in the milling cutter if smooth surfaces are desired. 

3. There should always be one tooth in contact in the cut unless 
there is a very heavy flywheel, as with single-point or fly cutters. 

4. Flywheels not only help carry the cutter tooth through the 
work at constant speed but also prevent acceleration when the 
tooth leaves the cut. 

5. When several cutters having the same number of teeth are 
mounted on a single arbor the key sets should be arranged so as to 
stagger the teeth. This will give smoother work and also increase 
the number of pieces per grind. 

6 . flywheels should be placed as near the cutters as possible. 
They can sometimes be placed on tfle milling cutter arbor and near 
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the cutters where the work does not interfere. In some cases it is 
necessary to place them on the back end of the machine spindle but 
this might permit some distortion in the spindle. 

7. Milling with carbide cutters should be done dry as a coolant 
of any kind is sure to crack the carbide. 

Milling Speeds and Material Hardness 

A chart covering milling speeds for a variety of materials with 
cutters of different kinds is shown in Fig. 14. This is by M. 
Martellotti, Research Engineer of the Cincinnati Milling Machine 
Co., and was released in August, 1944. It covers aluminum and 
magnesium alloys, plastics, cast iron, and steels up to 400 B. H. N. 
(Brinell Hardness Number). It also shows how Brinell hardness 
compares with tensile strength of materials; this information is 
useful as some specifications refer to tensile strength. 

This chart gives a good general picture of milling practice in 
condensed form. It shows that the Brinell hardness of aluminum 
alloys and plastics runs to 125; of magnesium and alloys, to 80; of 
brass and bronzes, to from 80 to 250; of cast irons, perhaps to 300; 
of carbon steels and cast steels, between 125 and 200; of alloy steels 
from 200 to 400 and stainless steels from 150 to 250. It also shows 
that the tensile strength in 1,000 pounds is about half the Brinell 
of the same material. These are, of course, general figures. 

Studying the cutting speed which can normally be expected with 
cutters of different kinds, we find that steel of 250 B. H. N. can be 
machined with carbon cutters if the speed does not exceed 30 feet 
per minute and that 18-4-1 high-speed steel can cut the same 
material at 60 feet per minute, while with carbide cutters a speed 
of 550 feet per minute can be used. For materials of minimum 
softness, it indicates that carbon cutters can be run well over 1,000 
feet per minute and carbide cutters over 20,000 feet per minute. 

A careful study of this chart gives a wide range of information. 
It does not include chip thickness, which, with the number of teeth 
in the cutter, is a vital factor in determining the feed to be used. 
These factors are given elsewhere in this section. 

General Rules for Choice of Feed 

1. The maximum feed that can be used will be determined either 
by the power available in the machine, by the number of teeth in 
the cutter, by the rigidity of the cutter, by work and fixture, or by 
the finish required. Check these items before starting job. 

2. Select the feed per tooth from the table of milling speeds for 
carbide cutters, remembering that for shallow slotting cuts, etc., 
the maximum thickness of the undeformed chip may be only 10 to 
50 per cent of the feed per tooth. Wherever possible, therefore, on 
such cuts, use the upper limit given in this table. 

3. If the carbide begins to fail rapidly by abrasion, increase the 
fe^ p)er tooth. 

4. If the carbide begins to crater too rapidly, reduce the feed 
per tooth. 



CuHing Speed, Ff. per Min. 
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Fig. 14.--A General Guide for Different Tools and Materials. 
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Table 2.—Recommended Milling Cutter Angles foe Steel 



Work Material 

Axial 

Rake, 

Degrees 

Radial 

Rake, 

Degrees 

Corner 

Angle, 

Degrees 

Correspond¬ 
ing True 
Rake, Degrees 

Face or 
side. 

Hard steel (or gen¬ 
eral purpose) 

— 10 

—10 

30 to 45 

-13 to -14 

I'ace or 
side. 

Soft steel (under 
180 Brinell) 

- 5 

- 5 

30 to 45 

“7 

Slotting. 

Hard steel (or gen¬ 
eral purpose) 

- 5 

—10 


— 10 

Slotting. 

Soft steel (under 
180 brinell) 

0 

- 5 


- 5 

i 


Note. —As indicated in the table, a higher numerical value of negative 
rake is recommended for the harder steels than for the soher steels. 

Where the cutting conditions are extremely severe, axial and radial rake 
angles of even —20° may be used to advantage. Such severe cutting condi¬ 
tions might be due to hard inclusions in the workpiece or to the chips crowd¬ 
ing, which is experienced when the cutter teeth are ground with multiple 
chambers or a rounded nose. 


Table 3.—Recommended Carbides for Steel for General 
Use under Average Conditions 
(Where depth of cut = 0.040 inch or greater) 


Work Material 

Sintered Carbide 

Carboloy 

Kenna- 

metal 

Vas 

Ramet 

Firthite 

Steel, 100-400 Br. 

78-B 

KM 

EM 

TA 


Both harder and softer grades of carbides can be obtained from any of the 
manufacturers of these materials. The harder grades are more wear- 
resistant but also more subject to chipping due to impact or vibration. 
Recommendations for special applications may be obtained from the carbide 
manufacturers. 

Number of Teeth in Cutter.—The maximum number of teeth 
in the cutter may be limited by the design of the cutter or work- 
piece, or by the power available at the machine spindle. The 
following formula should be used to determine the maximum num¬ 
ber of teeth in the cutter when limited by power: 

^ H.P. X K 
dXwXfXN 

where 

T = number of teeth in cutter. 

H.P. = horsepower available at cutter (or maximum permissible 
power). 
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K — metal removal factor with dull cutter (cubic inches per 
minute per H.P.) (see table on page 389-3). 
d = depth of cut (inches). 
w = width of cut (inches). 

/ = feed per tooth (inches) (see table on page 385). 

1 2 S 

N = r.p.m. of cutter = where S = recommended cutting 

speed in feet per minute, and D — cutter diameter in 
inches. 

This will permit full utilization of the power of the machine, 
wherever permissible, while keeping the feed per tooth and cutting 
speed in accordance with the recommended values. Average 
values of the factor K for true rake angles of — 10 to —14 degrees, 
for the recommended speeds and feeds, and including a 25 per cent 
allowance for dulling of the cutter, are given in the following table: 


Metal Removal Factor 


Brinell Hardness 
100 
ISO 
200 
250 
300 
400 


K 

(Dull Cutters) 
0.80 
o. 70 
0.65 
0.60 

0.55 

0.50 


Cast Iron. —At the present time recommendations for the milling 
of cast iron still follow the practice which has been in general use 
for the past several years. Extensive investigations now under 
way, however, indicate that this practice may be considerably 
revised in the near future. 

Cutting Speed for Cast Iron. —For average grades of cast iron 
with a Brinell hardness range of 150 to 220, the cutting speed now 
recommended is from 350 to 250 feet per minute depending on the 
hardness and uniformity of the material. For chilled castings 
where the hardness exceeds 300 Brinell, the cutting speed may have 
to be reduced to about 200 feet per minute to obtain a satisfactory 
cutter life. 

Feed per Tooth for Cast Iron. —For all types of cutters except 
thin saws, use a feed per tooth of 0.008 to 0.020 inch. Wherever 
possible, favor the high limit. For thin saws the feed per tooth 
might be as low as 0.003 inch depending upon depth of cut and the 
proportions of the saw. 

Milling Cutter Angles for Cast Iron. —Axial and radial rake 
angles now used for milling cast iron vary over a considerable range. 
In most cases both axial and radial rake are positive, while in other 
cases the axial rake is positive and the radial rake is negative. It is 
important that the combination of rake angles be selected with 
respect to the corner angle so that a desirable value of true (or 
resultant) rake is obtained. 

Values of true rake may be obtained for any combination of axial 
rake, radial rake, and corner angle from the alignment chart in 
Fig. 10. For average conditions the true rake should be from 4*4 
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to -fio degrees. Corner angles in general use vary from 30 to 
45 degrees. 

Metal Removal Factor for Cast Iron. —Under average conditions 
the efiiciencv of metal removal in cubic inches per minute per 
horsepower (factor K in the equation for number of teeth) is about 
1.25. This includes a 25 per cent allowance for dulling of the 
cutter. 

Table 4.— Recommended Carbides for Cast Iron for General 
Use under Average Conditions 



Sintered Carbide 

Work Material 

Carboloy 

Kenna- 

metal 

Vas 

Ramet 

Pirthite 

Cast iron. 

44A 

K6 

2A68 

H 



It should be noted that both harder and softer grades of carbides for cast 
iron milling are available from the various manufacturers. 

Malleable Iron. —For malleable iron of high ductility which forms 
a continuous chip, the steel grade carbides should be used. All 
other recommendations, however, are the same as those given 
above for cast iron. 

Light Alloys. —For aluminum and magnesium alloys, positive 
rake angles are recommended in practically all applications. Only 
in the case of some of the more abrasive aluminum alloys does it 
seem helpful from the standpoint of tool life to resort to negative 
rake. Cutting speeds from 3,500 to 12,000 or even 15,000 feet per 
minute are now in use on aluminum alloys, the selection being 
usually determined by practical considerations other than chip 
formation, such as cutter vibration (in the case of thin saws), nature 
of the work and the mounting, and spindle bearing design. Wher¬ 
ever possible, however, the cutting speed should not be less than 
about 6,000 feet per minute. 

SPECIAL MILLING CUTTERS 

The Kearney & Trecker engineers have developed a type of face 
milling cutter which has several novel features. The cutters are 
of solid carbide inserts clamped in a steel body, instead of having 
tips brazed to the body, as is customary. Instead of having the 
blades parallel with the axis of the cutter, they are radial, except for 
the angle they assume with the face. 

One of these cutters is shown in Fig. 15. It was shown in the 
paper by J. B. Armitage and A. O. Schmidt at the semiannual 
meeting of the A.S.M.E. at Pittsburgh, Pa., June 19th to 22d, 
1944. This has a 30-degree positive secondary rake and a nega¬ 
tive primary rake of 6 degrees. The corner angle is 20 degrees. 
The negative rake is ground on the corner angle but this surface is 
only a little wider than the chip thickness, which in this case is 
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0.015 inch. This secures the desired protection of the cutting edge 
but does not interfere with the chip flow. The chips in this case 
come off almost flat and are not heated enough to blue them in the 
least. This is an indication that little or no work, is expended in 
curling the chip. The chips do not impinge on the work surface, 
which often causes scratches in some milled work. 

Another somewhat similar cutter is 8 inches in diameter and 
has ten teeth. It has a 7-degree axial rake and a 7-degree radial 
rake, both negative, and a 15-degree corner angle. The tools are 
solid Kennametal KM. It is felt that cutters arranged in this 
way can be reground with less waste of carbide and in less time 



Fig. 15.—Kearney & Trecker Cutter Which Combines Negative 
, and Positive Rakes. 

than if they were placed parallel to the axis. Any desired land or 
clearance can be given the cutters to secure the finish desired. 
These cutters were designed especially for work on soft steel. 

EXAMPLES OF HIGH SPEED MILLING 

Examples of high-speed milling using negative rake and negative 
helix with standard machines are given by J, Q. Holmes, master 
mechanic, and R. C. Holloway, superintendent of small tools, at 
the Linden, N.J., plant of the Eastern Aircraft Company. The 
work is on 4140 chrome molybdenum steel, heat-treated to 40-41 
Rockwell C and 180,000 pounds tensile strength. Typical cutter 
angles are shown in Fig. 16. 

Face-milling cutters are used, from 6 to 8 inches in diameter, 
with ten to fourteen teeth, carbide tipped, Firthite T-16 or its 
equivalent being used. The illustrations show the angles used. 
Feeds are from 15 to 21 inches per minute, surface speed is from 
800 to 1,285 feet per minute, and chips are 0.002 or 0.003 inch in 
thickness. At this speed the chips come off the work red hot, but 
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Fig. i6.— Face-Milling Cutter Used in Tests. 
Six Typical Hyper-Milling Tests* 


Details of 



Piece Number 



Test Conditions 

I 

2 

3 

4 

5 


Cutter diam., in. 

6 

6 

8 

8 

6 

8 

No. of blades. 

10 

1 

14 

14 

10 

14 

Rake, deg. 

7 

7 

7 

7 

7 

7 

Helix, deg. 

10 

10 

10 

10 

10 

10 

Face relief, deg. 

3 

3 

3 

3 

3 

3 

Peripheral relief, deg. 

6 

6 

5 

5 

6 

5 

Material cut, S.A.E. 

4140 

4140 

4140 

4140 


4140 

Condition. 

Norm. 

Norm. 

Norm. 

Norm. 

Norm. 

Tensile str., lb. per sq. 
in. 

105M 

105M 

lOsM 

ibsM* 

lOsM 

lOsM 

Cutter speed, rom. 

Cutter speed, sfpm. 

545 

597 

597 

498 

498 

498 

840 

875 

1285 

1075 

800 

1075 

Peed, in. per min. 

15 

15 

17.5 

17.5 

IS 

21 

Peed per tooth per rev. 

0.0027s 

0.002s 

0.002 

0.002s 

0.003 

0.003 

Depth of cut, in. 

7/i6i 

3/32 

s/16 

S/16 

S/64 

S/16 

Width of cut, in. 


4 

O.li 

3 

3 

3 

Length of cut, in. 

li 

6 

4 

7 

3 

6 

Pieces per grind. 

112 

116 

288 

106 

59 

TOO 

Finish of work. 

Fair 

Pine 

Fine 

Good 

Good 

Fine 

Final cutter condition 

Dull 

SI. Dull 

Dull 

V. Dull 

Dull 

V. Dull 


* All made with Lovejc^ cutters with Firthite Ti6 inserted teeth. One 
pass, dry, in Kearney & Trecker vertical milling machines, on chrome-moly 
steel. 
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neither the work nor the cutters get appreciably hot. Milling is 
done dry. 

Cuts range from i to J inch in depth, only one cut being taken in 
any case. In addition to the increased speed, the-finish left by 
the cutters is very smooth, being almost burnished. Cutters are 
usually run back over the work, especially when the work is light 
and may spring slightly under the cut. The table shows the result 
of six tests and the results being obtained in everyday work with 
these cutters. 


Direction of Feed 

Until recent years the work in slab milling has usually been fed 
against the cutter, as in Fig. 2. This was because the thrust of the 
cut forced the feed nut against the feed screw so that backlash 
between them was automatically taken up. When feeding “with 
the cut,” there is a tendency for the cutter to climb on the work. 
The old way became “conventional” and the new way “climb” 
milling. Professor O. W. Boston pointed out that as climb milling 
was likely to become the conventional practice, new names were 
necessary. 

The old or conventional feed is now called “up” or “out” mill¬ 
ing, and feeding with the cut, “down” or “in” milling. These 
terms refer to the upper surface in slab milling. In face milling 
the tooth action is not quite so clearly defined, depending on the 
location of the work with reference to the center of the cutter 
spindle. This has been shown in preceding pages. It is desirable 
to have the cutter tooth take its maximum chip thickness as it 
enters the work. This is not possible unless the edge of the work 
is at, or to one side of, the face mill, which seldom happens. It 
has been found that cutters stay sharp much longer when they can 
take a real chip as they enter the work instead of scraping metal 
until it can get a “bite” into it. 

Introduction of the newer method has been delayed by lack of 
positive feed on many milling machines and lack of appreciation of 
its desirability. It is interesting to note that Amos H. Brainard, 
one of the older builders of milling machines, made a machine to 
“feed with the cut” in 1872. 

STANDARD MILLING CUTTERS 

Fine-tooth cutters having approximately ^ to s teeth per inch of 
diameter are called “plain mills.” Helix angles are between 20 to 
30 degrees. They are best qualified for light or shallow cuts and 
for cuts where there is little tendency to chatter. With their large 
number of teeth, they will give an excellent cutting life so long as 
chatter does not develop. 

Below 0.75-inch width, plain mills are made with straight teeth 
or without helix angles. These mills are used for cutting keyways 
and have been found to give long wear without changing the width 
of slot cut. 
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COARSE-TOOTH MILLS 

Coarse-tooth mills have from 2 to 3 teeth per inch of diameter and 
have helix angles from 30 to 45 degrees. Where a plain mill 
chatters or does not give a smooth cut, the coarse-tooth mill should 
be used. In general, this mill is good in medium to heavy cuts, and, 
because of its freedom from chatter, it can remove more metal per 
minute than plain mills. 

This cutter does not do a good job in shoulder milling. 

HELICAL MILLS 

The heaviest or most difficult cuts should be given to a helical 
mill with only i to 2 teeth per inch of cutter diameter and helix 
angles of 45 to 60 degrees. The helical mill has the least tendency 
to chatter of any of the standard mills and is thus used for deep 
cuts and heavy slabbing cuts. If a single cutter must be used for 
all plain cuts, then the helical cutter should be selected. 



Fig. 17.—Helical Slabbing Cutter 


Because of the large helical tooth angle, this cutter has a smooth 
cutting action and leaves a good finish free from ridges and chatter 
marks. The steep helix also aids the cutter in producing a uniform 
or flat surface. Iffiere is less springing of both cutter and work, 
especially of thin plates, than with a plain- or coarse-tooth cutter. 
For this reason, helical mills are recommended where intermittent 
cuts or cuts of variable depth and width must be made. 

If a shoulder must be milled on a piece where chatter makes a 
helical mill desirable, use a special helical cutter. Such cutters are 
standard helical mills except for the last i to i inch of width on the 
end where the tooth-cutting edge makes an acute angle with the side 
of the cutter. Here the helix angle of the tooth is reduced from 
50 degrees to about 10 degrees. Thus for most of the cutter length, 
the cutting teeth have a steep helix angle which encourages smooth 
cutting while near the end there is almost no helix which qualifies 
this corner of the cutter for shoulder milling. See Fig. 17, 

FACE MILLS 

Inserted-tooth face mills are coarse-tooth cutters which have 
about 2 teeth per inch of diameter. Since they are mounted directly 
on the nose of the machine spindle, good cutting rigidity is obtained, 
and the mills are capable of cutting accurate or flat surfaces. The 
finish obtained with a face mill is crisscrossed with circular marks. 
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In many cases the decision to use a face mill or helical mill will 
be based more on the work than on the cutter. Some pieces can be 
clamped or supported more readily for face milling than for regular 
milling. Right-angle surfaces or brackets are perhaps best suited 
for face milling. Surface plates can be best supported for helical 
milling. An inserted tooth cutter permits the use of carbide tips 
on the inserted blades. A face mill is well suited for shoulder 
milling. 


SIDE MILL 

A fine-tooth cutter that has side teeth but no helix angle on the 
top teeth is called a “side mill.” With their many straight teeth, 
the mills are apt to chatter and so are used for light cuts. The side 
mill produces a slot that has smooth walls or cuts shoulders that 
have a good finish. 

The cutter is reduced in width each time the side teeth are sharp¬ 
ened and thus has a limited life in cutting slots whose widths must be 
held to close limits. To prolong the life of a cutter, it is common 
practice to sharpen the side teeth but once in every five sharpenings 
of the top teeth. This practice is possible because it is the corners 
of the top teeth which aull most rapidly and these can be renewed 
by sharpening the top teeth. 

HALF-SIDE MILL 

This mill has side teeth on one face of the cutter and top teeth 
that have a helical angle. Because of the helical teeth the cutter 
has less tendency to chatter than a regular side mill and so can take 
heavier cuts. It should be used in preference to the side mill 
when milling to a single shoulder or straddle milling. The depth 
of the side teeth on a half-side mill is much greater than the side- 
tooth depth on a regular side mill. This permits a greater number 
of sharpenings than could be obtained on a single side of a regular 
side mill. The greater depth also provides more chip space which 
is helpful when heavy cuts are taken. 

STAGGERED-TOOTH SIDE MILL 

This coarse-tooth cutter, with side teeth on alternate sides of the 
mill and with alternating left- and right-hand helix for the top 
cutting edges, is the heavy-duty cutter of the side-mill series. It is 
comparatively free from chatter and can take deep cuts even up to 
the hub without trouble. The cutting action is free, and, when 
milling deep slots where the side walls are thin, there is little 
tendency to spring the walls away from the cutter. The finished 
slot will have walls that are parallel within close limits. 

Since the chips removed by the cutter teeth are shorter than the 
width of slot being milled they do not wedge or jam in the slot. A 
staggered-tooth cutter works well in slots in soft or ductile materials. 
For shallow key ways the staggered-tooth side mill with its fewer 
teeth will not give the life between grinds that can be obtained with 
a fine-tooth plain mill. 
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The width of teeth on a staggered-tooth side mill is greater than 
the width of hub, so two cutters may be mounted together, or 
interlocked. By using various thicknesses of spacing collars, the 
two cutters can be adjusted to cut slots of desired widths, and com¬ 
pensation can be made for loss in width due to sharpening the side 
teeth. 


SAWS 

The design of saws is dictated by width. Under ^-inch saws are 
discs with cutting teeth on the outer surface. These saws are 
dished slightly, but there is no side clearance. For ^^-inch thick¬ 
ness or greater, saws can be made with side teeth and are essentially 
thin side mills. Saws inch in width are made with staggered 
teeth and closely resemble staggered-tooth side mills. 

In many cases it would be desirable to have all saws of the stag¬ 
gered-tooth design. When milling ductile materials, there is a 
tendency for chips to wedge in the slot, and often the friction pro¬ 
duced will break the saw. To avoid this the staggered-tooth saw 
is used to cut chips that are less than the width of the slot. Oper¬ 
ators frequently grind off alternate corners of the saw teeth to 
secure the same results. This practice makes some difficult cuts 
possible. 

END MILLS 

The two-lip end mill must be used whenever the mill is to be sunk 
into solid metal before milling a slot. The two lips of the mill make 
a reasonably good drill. With but two teeth, there is ample chip 
clearance, and the mill can cut slots without jamming witn chips. 
A stra^ht-tooth mill tends to pound as teeth enter and leave the 
cut. This is especially noticeable in milling a cored slot. To avoid 
this impact, a helical two-lip mill is often used. The helix angle 
gives a smoother cutting action and reduces chatter. 

In milling a slot in solid metal, it is sometimes noticed that a two- 
lip helical mill, or four- and six-tooth mills, will leave a low spot or 
arc in the flat wall surface at that point where the feed was stopped. 
This is most apt to occur in setups where good rigidity is not 
obtained. A straight-tooth two-lip mill has less tendency to dig in 
on entering and leaving a cut than do these other mills. 

Six- and eight-tooth helical mills are used where drilling and chip 
clearance are not problems. These mills have a very smooth 
cutting action owing to their helix angles and good cutting life 
owing to the number of teeth used. 

MILLING-CUTTER DIMENSIONS 

Standard milling cutters are made to nominal dimensions shown 
under each illustration. In general, the tolerances are 0.015 inch 
above and below nominal diameters. Width tolerances vary from 
basic to 0.020 inch oversize in some cases and from slightly below 
basic to 0.020 inch oversize in others. Hole tolerances are all from 
basic to 0.001 inch oversize. Makers list all details. 
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D *= to 8 inches, 
r “ Vi to A inch. 

A ■* i to li inches. 

The S-, 6-, 7- and 8-inch saws, i inch 
thick, are also made with ij-inch hole. 
Made in fourteen sizes. 

Slitting Saws 



D « 2} to 3 inches, 
r — i inch. 

A =» { to i} inches. 

Angular cutters furnished either righ 
or left hand with included angle of 45 o 
60 degrees; tolerance for angle, ± K 
minutes. 

Made in three sizes. 

Single-Angle Mills 



D ■» li to if inches. 

T" " « to inch. 

A “» I to f inch. 

Cutters furnished either right- or left- 
hand teeth and either right- or left-hand 
thread. They have an included angle of 
60 degrees; tolerance for angle, ± 10 
minutes. 

Made in two sizes. 

Single-Angle—Threaded Hole 



D 2\ inches, 
r -> f inch. 

A — I inch. 

Double-angle cutters furnished with an 
included angle of either 45, 60 or 90 
degrees; tolerance for angle, ±10 minutes. 
Made in one size. 

Double-Angle Mills 
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End Mills—Brown and Sharpe 


D =» I to 2 inches, 
r = I to 2i inches. 

L = 2 to 8 inches, 
i inch has Brown and 
Sharpe No, 5 taper shank. 
^ inch can have No. 5 or 
No. 7. I inch has No. 7. 
ij inch and 2 inches have 
No. 0. 

Made in six sizes. 



End Mills—Morse 


D = i to ij inches. 

T => I to 2 inches. 

L — 3i to 6 ^ inches. 

i inch has No. i Morse 
shank. | inch can have 
No. I or No. 2. I inch has 
No. 2. I and li inches 
have No. 3. 

Right- or left-hand helix. 

Made in six sizes. 



End Mills—Straight Shank 


Z) = i to 5 inch. 

T = to li inches. 

.S = i to J inch. 

L = li to 2| inches. 
Right- or left-hand helix. 
Made in twelve sizes. 




Two-Lipped End Mill 



P = i to 2 inches. 

T = I to 2i inches. 

L ~ 2 to 8 inches. 

i and A inch have No. 5 
shank, i and 2 inches 
have No. 9 shank, Brown 
and Sharpe. 

Right- or left-hand helix. 

Made in six sizes. 



P = i to IJ inches. X— Slot Mill. Brown and Sharpe Shank 

1 == 0.229 to 1.343 inches. 

A = 0.260 to 1.S31 inches. 

Ti = J to I li inches. 

R = 0.007 to ^ inch. 

Z. = 2|toiof inches. 

i and tV inch have No. s shank, f to f inch have No. 7 shank. } to 
d inches have No. 9 shank. inches have No. 10 shank. 

Neck diameters A are made for Standard T slots. 

Made in nine sizes. 
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D 

T 

A 

B 

C 

E 



= li to 6 inches. 

= I to 2j inches. 

= O.S to 2 inches. 

= I to I inch. 

=» 0.262 to 0.762 inch. 
" A to ^ inch. 


R ^ A to inch. 

F = ji to 2 inches. 

G = I to inches. 

= 0 to 15 degrees, 
ight- or left-hand helix. 
Made in fourteen sizes. 


Shell End MiUs 



Fluting Reamers 


D = 2i to 3J inches. 
A — I to indies. 


Cutter 

Number 

Diameter 
of Reamer, 
Inches 

Numbei 
of Teeth 
in Reamer 


i to A 

6 

2 

i to iV 

6 

3 

i to iV 

6 

4 

i to H 

6-8 

5 

i to I 

8 

6 

I tV to I J 

10 

7 

I iV to 2 I 

12 

8 

2i to 3 

14 



Fluting Tops 


D = 2 to 3J inches. 
A = I to 1 1 inches. 




Cutter 

Number 

Diameter 
of Tap, 
Inches 

Number 
of Flutes 
in Tap 

) — 

11 

I 

0 to i 

4 



2 

32 to J 

4 



3 

4 

to 1 

A to 1 

4 

4 



5 


4 



6 

H to Ij 

4 



7 

IA to if 

4 



8 

I H to 2 
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Convex Mills 


D = 2 to 3j inches. 

T = I to I inches. 

A = I to 1 inch. 

C = i to I inch. 

Made in eleven sizes. 
Radial or hooked teeth 
optional. 

Concave Mills 





D »= 2 to inches, 
r ■= i to A inch. 

A «= i to I inch, 

R = i.to I inch. 

Made in five sizes. 

Right or left hand. 
Radial or hooked teeth 
optional. 

Corner-Rounding Mills 
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Sprocket-Wheel Cutters for Roller Chains, American 
National Standard Tooth Form 


Circular 

Diameter 

Number of 

Diameter 

Width of 

Size of 

Pitch, 

of Roll. 

Teeth in 

of Cutter, 

Cutter, 

Hole, 

Inches 

Inches 

Sprocket 

Inches 

Inches 

Inches 



6 

2 






7 to 8 

2 




1 

0.200 

9 to II 

2 



I 



12 to 17 

2 






18 to 34 

2 






35 and over 

2 






6 

3 


1 




7 to 8 

3 


1 




9 to I I 

3 


1 


ito 1 

0.313 

12 to 17 

3 


1 

I 



18 to 34 

3i 






35 and over 

3 


H 




6 

3 


i 




7 to 8 

3j 


1 




9 to 11 

3^ 

: 

1 


1 

0.400 

12 to 17 

3^ 



I 



18 to 34 

3 

■ 





35 and over 



H 




6 

3i 

n 




7 to 8 

3i 

H 




9 to II 

3^ 


If 


! 

0.469 

12 to 17 

31 


\ 

I 



18 to 34 


n 




35 and over 

3i 

it 




6 

3l 

li 




7 to 8 

3i 

It 




9 to II 

3i 



I 

0.563 

12 to 17 

4 


IA 

It 



18 to 34 

4 


It 




35 and over 

4 


IA 




6 

3i 

It 




7 to 8 

4 


It 




9 to II 

41 


itf 


1 to li 

0.62s 

12 to 17 

41 


I w 

It 



18 to 34 

41 


I tf 




35 and over 

41 


lit 




6 

4 


I w 




7 to 8 

4 


I II 




9 to II 

4 


114 


ij to 

0.750 

12 to 17 

4; 


li 

It 



18 to 34 

41 






35 and over 

41 


If 




6 

4i 


HBnH 




7 to 8 

4^ 






9 to II 

4‘ 





0.87s 

12 to 17 

41 


If 

It 



18 to 34 

4 






35 and over 

41 


if 
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Estimating Milling Time 

The Cincinnati Milling Machine Company gives the following 
formula for estimating time required for milling: 

Actual milling time in minutes = 

length of cut - p approach o f cutter overtravel 
feed in inches per minute 

Tables for allowance for the approach of the milling cutter to the 
work follow. Length of cut is in inches. The overtravel of the 
cutter is the sum of the distance the table must travel after the feed 
is engaged before any cutting action takes place and the extra travel 
required at the end of the cut to take care of any variation in the 
length of the work. 


Table. 5.—Approach of Cutter for End Mills and Face Mills* 



♦Follow down the first column to the diameter of cutter used. Follow 
across to the right to the column under the width of cut. The figure given 
is the “approach” of the cutter. See cut. 


Example. —Calculate actual cutting time of a cast-iron bracket 
where the length of cut is ii inches, width of cut is 8 inches, diam¬ 
eter of face mill is 10 inches, overtravel is ^ inch, and feed is qJ 
inches per minute. Table 5 gives 2 inches as the approach of a 
lo-inch cutter on 8-inch work before it cuts the full width of the 
work, and the same distance must be allowed at the other end if 
the cutter is to clear the work as is usually necessary to prevent 
marks on the surface showing where the cut stopped. This makes 
the formula read 

Time = ^ ^ = 1.67 minutes 

9-25 

To this must be added the total handling, which includes getting 
the work out of the machine and putting in a new piece of work. 
The faster the milling, the more necessary is quick handling to 
reduce the total floor-to-floor time of the operation. 



KEYS AND KEYWAYS FOR MILLING CUTTERS AND ARBORS 
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5 ' ij I 1.251 !i.250 1 4-250 14-245 I I-2S5 i i.26o|5.5i5 \ h \ k I i. 2495I i. 2490I 5-500 15 494 

1 Note; A difference between the overall cutter bore and keyway D and the arbor-and-key dimension P, of o.oio inch for 
arbor diameters up to 2 inches, and 0.015 inch on arbor diameters larger than 2 inches, is allowed. 
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Sprocket-Wheel Cutters for Roller Chains, American 
National Standard Tooth Form 


Circular 

Diameter 

Number ot 

Diameter 

' 

Width of 

Size of 

Pitch. 

of Roll. 

Teeth in 

of Cutter. 

Cutter, 

Hole, 

Inches 

Inches 

Sprocket 

Inches 

Inches 

Inches 



6 

5 





7 to 8 

5 






9 to II 

5 


2 


It 

1.000 

12 to 17 

5 


2 * 

If 



18 to 34 

5’ 






35 and over 

5 ^ 


li 




6 

5 






7 tc 8 

5 


2li 




9 to II 

5 | 


2i 


2 

1.125 

12 to 17 

5 ^ 


2 h 

li 



18 to 34 

51 


2 \ 




35 and over 

51 


2 A 




6 

61 


3 




7 to 8 

6 


3 




9 to II 

6 


2 \\ 



1.5625 

12 to 17 

61 


2 \\ 

It 



18 to 34 

7 

2 \ 




35 and over 

7; 

2}i 




6 

7 i 

3 1 ! 




7 to 8 

7 i 





9 to II 

l\ 

3 H 


3 

1.900 

12 to 17 

8 

3 H 

a 



18 to 34 

8 

3 si 




35 and over 

8i 

3 A 



All dimensions given in inches. 


AIR CLAMPS 

Every decrease in machining time makes the time required for 
handling more important. Shops using high-speed milling find it 
advantageous to use compressed air cylinders even on small work 
handling fixtures. They buy commercial air cylinders, keep them 
on hand, and incorporate them into all new fixture designs. The 
time saved in floor-to-floor handling must be considered with every 
increase in the speed of machining of all kinds. 

STELLITE CUTTERS 

Average cutting speeds for milling cast iron and malleable iron 
with Stellite-J-metal are; light rough milling, 150 to 250 feet per 
minute; light-finish milling, 150 to 300 feet per minute; heavy rough 
milling, 80^ to 140 feet per minute; heavy finish milling, 130 to 160 
feet per minute. 
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FORM AND PROFILE CUTTERS 

The difference between form and profile cutters should be clearl}' 
understood. Form cutters have the cutting edge formed by backing 
off the metal behind the edge so as to maintain the same contour 
from the surface to the flute of the cutter. By grinding these cut¬ 
ters on the face of the teeth, the same contour is maintained during 
the life of the cutter. 

Profile cutters are ground on the narrow surface back of the cut¬ 
ting edge. This is known as the primary clearance. This clearance 



Mei’hoot of (^ei-erminmg 
clecfrotnce otngle 

Primary fand nofo ver 
for /iofhi- cui-s, a no/ no/ 
over § for /teavy cuts 

, r'—Primary /and 
rC?— Secondary land 
’ Primary clearance 
Secondary clearance -A+3® 


When loo fh widens a f/er repealed 
grindings as at make secondary 
clearance 3 °grea/er than primary 
fo clear heel of /00/h. 

Keep primary land narrow. 

Fig. 18.—Using Protractor to Get Angle 

back of the cutting edge can be measured either by a protractor or 
by a dial indicator. The protractor method is shown in Fig, 18. 
Th's also shows the primary and secondary lands and gives dimen¬ 
sions. The secondary land backs up the cutting edge with more 
stock. 

To use a dial indicator the formula, on the basis of a ^-inch 
primary land, is: 

Tangent of i degree divided by 16. Tangent of i degree is 
0.01746. Dividing by 16 gives 0.00109. A dial indicator will show 
a reading of 0.00109 inch on a iV ^and for each degree of clearance. 
For a 5-degrce clearance, the reading would be 0.00545 inch, regard¬ 
less of the cutter diameter. 


CUTTING HELIX ANGLES 
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CUTTING HELICES ON UNIVERSAL MILLING 
MACHINES 

The following tables show the leads of cutter helices used by the 
Brown & Sharpe Mfg. Co., together with pitches and approximate 
angles for cutting helices on universal milling machines. The 
necessary explanations are given in the note in the tables, these 
being made clear by the accompanying diagram. 

Leads of B. & S. Cutter Spirals (Helices) 

The leads of the Brown & Sharpe Cutter 
Helices are as follows: 

Tan a = ~ 



Diam. of Cutter 

Lead 

Diam. of Cutter 

Lead 


7-V 

2" 

31-S' 

i- r 

9-52'' 

2i-2r 

36' 

r 

13-71'' 

2 is" 

48' 

I 

17.14'^ 

JiSi" 

60' 

n" 

23-33*' 

28" 

4" 

68.57' 


Formulas for Revolutions of Cutter 


Revolutions per minute = 


3.^82 X cutting speed selected 
cutter diameter in inches 


Formula for cutter feed in inches per minute 

, _ horsepower applied X constant K 
~ total width of cut X depth of cut 


Values of Constant K 


Material 

Bed-Type I 

Machine | 

Knee and Column 

1 Machine 

Cast iron. 

1.50 

1.00 

Mild steel. 

0.75 

0.50 

High-carbon steel. 

0.65 to 0.75 

0.40 

Alloy steel. 

0.50 to 0.75 

0.35 

Malleable iron. 

I . 2 C> 

0.7s 

Brass and bronze. 

2.00 to 3 .00 

2.00 

Aluminum. 

i 2,00 to 2.50 

2.00 
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Table 6.—Change Gears, Approximate Angles, and English Leads for Cutting Helices Continued 


CHANGE GEARS FOR HELICES 4050 
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1st Intermediate Gear Drives the Gear on Worm 

2nd Intermediate Gear Drives the Gear for Screw 

Diameter of Work, Inches 

«o 
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CO 


c? 
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Gear 

for 

Screw 

Q 

^OOOOCOCO^OO^CMCMOOCM SqCMCMQCMOCMCM 
CO-'4'i44U3kOcD''445DCOCO'M4CO.S^COCO'^CO'M*eOCO 

B 

2nd Inter¬ 
mediate 
Gear 

O 

g 

5SS2?SS§§5SSgSS|5§gSSSS^JS 

1st Inter¬ 
mediate 

Gear 

m 

2 

Gear 

on 

Worm 

< 

g 

KS?2?2;Sr2?2SSSSS|?2f2f2e?2SSe 

Lead of 

Spiral 

Inches 


16.87 

17.14 
18.75 
19.29 
19.59 
19.69 

21.43 

22.50 
23.33 
26.25 
26.67 
28.00 

30.86 

31.50 
36.00 

41.14 
45.00 
48.00 

51.43 
60.00 
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MILLING HEART-SHAPED CAMS 

One method of producing heart-shaped cams is as follows: 

Lay out the curve of the cam roughly, as in Fig. iQ. Drill and 
remove the outside stock, being sure to leave suiTicient stock to 
overcome errors in laying out. Put the cam on the nut arbor and 
tighten securely. If the roll of the cam is one-eighth radius, select 
a milling cutter having the same radius, because the roll of the cam 
must come to the lowest point, which it would not be able to do if a 
cutter of a smaller radius than that of the roll were used. It would 
also make a difference to the other points on the curve of the cam, 
which is not quite so apparent at first glance. 


Selecting an Index 


The next operation is to place the cam between centers on the 
milling machine, having the cutter in line with the vertical radius 
of the cam at its lowest point. Next, choose an index circle which 
will give a division of the cam such that the rise of each division 
will be in thousandths of an inch, if possible. For this cam take 
a circle which will give 200 divisions. As this will make 100 
divisions on a side, the rise of each division will be o.oii inch. 
Now raise the table to the required height, starting at the lowest 
point of the cam, and mill across, as in Fig. 20. 



Fig. 19. —Method of Laying 
Out Cam 



Cara and Cutter When 
Commencing to Mill 


Moving the Table 

For the other cuts lower the table o.oii each time, and revolve 
the cam one division until the highest point of the cam is reached, 
then raise the table o.oii for each division of the cam. 

When the cam comes from the milling machine, there will be found 
to be small grooves left between the cuts. These may be easily 
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Table 7.—Approach of Cutter for Helical Mills, Key way 
Cutters, Saws, Etc.* 


Diameter 


Depth of Cut, Inches 


of MiU 

* 

i 

A 

i 

I 

i 

1 

I 


2 

3 













Approach of C 

ll 

0.272 

0.37 

0.44 

0.50 

0 .S 7 

0.612 






r 



0.299 

0.41 

0.49 

0.56 

0.6s 

0.71 

0.75 





|vv 

1} 

0.320 

0 . 4 .'? 

0.54 

0.61 

0.72 

0.79 

0.87 



Cutter M 



2 

0 . 3 S 0 

0.48 

0.58 

0.66 

0.78 

0.87 

0.87 

1.00 





r'ri 

2I 

0.370 

0.52 

0.62 

0.71 

0.84 

0.93 

1.06 

1.12 




1 

2| 

0.390 

0.54 

0.66 

0.75 

0.89 

1.00 

1.15 

1.22 




”1 


3 } 

0.410 

0.57 

0.69 

0.79 

0.94 

1.06 

1.22 

1.33 




1 

[1 

3 

0.430 

0.60 

0.73 

0.83 

0.99 

I. la 

1.30 

1.41 

I.SO 



1 


3 i 

0 . 4 S 0 

0.63 

0.76 

0.87 

1.04 

1.17 

1.37 

1.50 

1.62 



3 ? 

0.460 

0.6s 

0.70 

0.91 

1.08 

1.22 

1.44 

i.SS 

1.73 





3I 

0.480 

0.67 

0.82 

0.93 

r.13 

1.28 

1.50 

1.66 

1.84 





4, 

0.490 

0.70 

0.8s 

0.97 

1.17 

1.32 

1.56 

1.73 

1.94 

2.00 





o.sii 

0.72 

0.87 

1.00 

r .21 

1.37 

1.62 

1.80 

2.03 

2.12 




4} 

0.530 

0.74 

0.90 

r.03 

1.24 

1.41 

1.67 

1.87 

2.12 

2.24 




41 

0.540 

0.76 

0.92 

r.c6 

1.28 

1.46 

1.73 

1.93 

2.21 

2.35 




5, 

0.560 

0.78 

0.95 

1.09 

1.32 

1.50 

1.79 

2.00 

2.29 

2.4s 




s§ 

0.580 

0.82 

1.00 

1.14 

1.39 

1.58 

1.89 

2.12 

2.45 

2.64 




6 

0.610 

0.86 

1.04 

1.20 

r.45 

1.66 

1.98 

3.24 

2.60 

2.83 

3.00 



6J 

0.634 

0.89 

1.09 

I. 25 

I.SI 

1.73 

2.08 

2.35 

2.74 

3.00 

3.24 



7, 

0.658 

0.93 

1.13 

1.30 

1 .58 

1.80 

2.17 

2.45 

2.87 

3.16 

3.46 




0.680 

0.95 

1.17 

1.35 

r.63 

1.87 

2.25 

2.55 

3.00 

3.32 

3.67 



8 

0.710 

0.99 

I.21 

1.39 

1.69 

1.94 

2.33 

2.6s 

3.12 

3.46 

3.87 

4.00 


0.730 

1.03 

1.25 

1.44 

1.74 

2.00 

2.41 

2.74 

3.24 

3.61 

4.06 

4.24 

9 

0.750 

1 .05 

1.28 

1.48 

1.80 

2.06 

2.49 

2.83 

3.36 

3.74 

4.24 


^47 

PJ 

0.770 

1.08 

1.32 

1 .52 

i.8s 

2.12 

2.56 

2.92 

3.47 

3.88 

4.42 


.69 

10 

0.790 

I. II 

1.35 

1.56 

1.90 

2.18 

2.63 

3.00 

3.57 

4.00 

4.58 


.90 

I0§ 

0.810 

1.14 

1.39 

1.60 

1.95 

2.24 

2.71 

3.08 

3.67 

4.12 

4.75 

C 

. 10 

11 

0.830 

1.17 

1.42 

1.64 

2.00 

2.29 

2.77 

3.16 

3.77 

4.24 

4-89 

c 

.29 

Ilj 

0.850 

r.19 

X.46 

1.68 

2.04 

2.34 

2.84 

3.24 

3.87 

4-36 

5.04 


• 48 

12 

0.860 

1.22 

1.49 

1.72 

2.09 

2.40 

2.91 

3.32 

3.97 

4.47 

5.19 


.6s 


-Feed 




* Follow down the first column to the diameter of cutter used. Follow 
across to the right to the column under the depth of cut. The figure given 
is the approach of the cutter. See cut. 

Example. —Two and three-fourth inches, diameter cutter; i inch, depth 
of cut; approach of cutter, 0.79 inch. 

removed by smoothing off with a file without impairing the accu¬ 
racy of the cam. 

Most screw machine cams can be made in this manner, and they 
will be found to be more accurate than if laid out and filed to the 
line and also much easier to make after one has become accustomed 
to the method. 


MILLING CAMS BY GEARING UP THE DIVIDING HEAD 

By the method here shown, cams of any rise may be milled with 
the gears regularly furnished with the milling machine. 

With the head set vertically, the lead of the cam would be the 
same as the lead for which the machine is geared, whereas with the 
head horizontal and the milling spindle also, a concentric arc, or rest, 
would be milled on the cam, regardless of how the machine was 
geared. By inclining the head and milling spindle, we can produce 
any lead on the cam less than that for which the machine is geared. 





MILLING CAMS 


407 


To find the angle for setting the index head in Fig. 21. Here the 
hypotenuse represents the lead of the machine and the short side 
the lead of the cam. Dividing the latter by the former gives the 
sine of the angle. With a plate cam having a rise of | inch in 

300 degrees we have X i equals 0.15, or the lead we want on 

the cam. The slowest lead on a Brown and Sharpe machine is 
0.67. Dividing 0.15 by 0.67 gives 0.224. The sine table shows 
0.224 is very nearly the sine of 13 degrees. Set both the index head 
and the milling machine spindle at this angle so the edge of the 
cam will be parallel with its shaft as in Fig. 22. 


, Angle of &evcrfion 
f' of Index Head 

_ \ _ 

1 <— - — L ead for wh/ch Mil/ing Machine is Geared - 

Fig. 21.—Diagram for Angle of Index Head 

If the cam has several lobes, gear the machine for a lead some¬ 
what longer than the longest one on the cam. Then all the lobes 
can be milled with one setting of gears by altering the angle of both 
index head and milling spindle jfor each lead. If the size of the 
cam and the angle of the head will allow, it is best to mill on the 
underside of the cam. This brings the cutter and table nearer 
together and increases rigidity. It is also easy to see the lines on 
the face of the cam, and the chips fall away from the work. Feed 
the cutter against the work by turning the index crank. Use the 
handle of the machine table for return. This moves the work 
away from the cutter before the cam begins to turn and prevents 
the cutter from dragging on back stroke. 

In finding angles for a set of cams, first find complete rises for 
all the lobes. Assign as many of these rises to any one lead as 
possible. This makes it possible to use the fewest number of leads. 

These tables advance by cam lead differences of 0.005 up to i 
inch; then by 0.010 inch up to 1.5 inches; then by 0.025 and larger 
increments to 6 inches. It is believed that the simple method of 
figuring for all intermediate steps, as explained on pages 406 to 408, 
will enable the reader to make full use of this method of selling 
for cam milling without the necessity of making many gear changes 
for dividing head leads, since eight leads in the tables cover the range 
of cam leads or rises from 0.005 to 6 inches. 




n,„ir —"““'''mspEtBs 

‘HiiKssr. r: ES 

'«»«Sail 




F,r 'II 

22.-~MilJing Cams 

theoretically Derfp'f above 6 Inches Minimum, only e^hf 
'S flot a sSl f Brown since 1 

The operation of th^ f ut . ^ ^ Probably the 

at the left gives thf^^ largely self p * i 

ram or the rise of ioS v rS."? T » complex <^°'- 

J> • For example, we C'atg 

a rise of 03 ,, hundredths and 

inches or th • Therefore, 2:375^^ _ 
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Table 8.—Angle between Arbor and Table 


Angle between Arbor and Table 


Rise in a 
Complete 
Rev. of 
Cam 

Lead of 
Mach. 
0.670 
Inch 

Lead of 
Mach. 
1.050 
Inch 

Lead of 
Mach. 

1.500 

Inch 

Lead of 
Mach. 
2.000 
Inches 

Lead of 
Mach. 
3.000 
Inches 

Lead of 
Mach. 
4.000 
Inches 

Lead of 
Mach. 
5-000 
Inches 

1 

Lead of 
Mach. 
6.000 
Inches 

i/i 

bd 

<u 

Q 

d 

S 

So 

(U 

Q 

d 

ui 

bfi 

(S 

d 

w 

bc 

0) 

Q 

d 

W) 

1 ^ 

d 

1 ^ 

4) 

Q 

_d 

w 

bo 

<u 

Q 

d 

w 

bo 

<u 

1° 

d 

ig 

0.005 

0.010 

0.015 

0.020 

0 025 

0 030 
0.035 

0.040 
0.045 
0.050 
0.055 
0.060 
0.065 
0.070 
0.075 

0.080 
0.085 
0.090 
0.095 

0.100 

0.105 

0. no 

0.115 
0.120 
0.125 
0.130 
0.135 

0.140 

0.145 

0.150 

0.155 

0.160 

0.165 

0.170 

0.175 

0.180 

0.185 

0.190 

0.195 

0.200 
0.205 
0.210 
0.215 
0.220 
0.225 

0.230 
0.235 

0.240 
0.245 
0.250 
0-255 

0.260 
0.26s 
0.270 

0.275 

0 

0 

I 

1 

2 

2 

3 
3 

3 

4 

4 

5 

5 

6 
6 
6 
7 

7 

8 
8 
9 
9 
9 

10 

10 
11 

11 

12 

I 2 

I 2 

13 

13 

14 

14 

15 

15 

16 
16 

16 

17 

17 

18 

18 

19 
10 

20 

20 

20 

21 

21 

22 

22 

23 

23 

24 

26 

51 

17 

43 

08 

34 

00 

25 

51 

17 

43 

08 

34 
00 

26 
51 

17 
43 
09 

35 
01 

27 

53 

19 

45 
11 
38 
04 

30 

56 

23 

49 

15 

42 
08 
35 
02 

28 

58 
22 

49 

16 

43 
10 

37 

05 

32 

59 

27 

55 

22 

50 

18 

46 

14 

14 

14 

14 

15 

20 

37 

54 

II 

i 






i 



1 

i 

1 
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Table 8.—Angle between Arbor and Table— Continued 
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Table 8.—Angle between Arbor and Table.— Continued 














































412 MILLING-MACHINE FEEDS AND SPEEDS 
Table 8.—Angle between Arbor and Table— Continued 


Lead of Lead of Lead of Lead of Lead of Lead of Lead of Lead of 
Mach. Mach. Mach. Mach. Mach. Mach. Mach. Mach. 

Rise in a 0.670 1.050 1.500 2.000 3.000 4.000 5.000 6.000 

Complete Inch Inch Inch Inches Inches Inches Inches Inches 

Rev. of - 

Cam • {/i 

DoaMObfiabocboctioaboabot:: 


0.830 

0.835 

0.840 

0.84s 

0.850 

0.855 

o. 860 
0.865 
0.870 
0.875 

0.880 
0.885 
0.890 

0.89s 

0.900 

0.90s 
0.910 
0.9IS 
0.920 
0.925 
0.930 
0.93s 
0.940 
0 . 94 S 
0.950 
o 955 
0 960 
0.96s 
0.970 
0.975 
0.980 
0.98s 
0.990 
0.995 

1.000 
1.010 
1.020 
1.030 
1.040 
1.050 
1.060 
1.070 
1.080 
1.090 
1.100 
1. 110 
1.120 
1.130 
1.140 

I .ISO 
1.160 
1.170 
1.180 
1.190 
1.200 


52 14 33 

52 41 33 

53 08 34 

53 36 34 

54 03 34 

54 31 34 

55 00 34 

55 28 35 

55 57 35 

56 26 35 

56 56 35 

57 27 36 

57 58 36 

58 29 36 

59 00 36 

59 32 37 

60 06 37 

60 38 37 

61 II 37 

61 46 38 

62 20 38 

62 57 38 

63 33 38 

64 II 39 

64 49 39 

65 26 39 

66 06 39 

66 48 40 

67 30 40 

68 13 40 

68 54 40 

69 45 41 

70 32 41 

71 23 41 

72 15 41 
74 08 42 
76 16 42 
78 48 43 
82 05 43 
90 00 44 

44 

45 

46 

46 

47 

47 

48 

48 

49 

50 

50 

51 

51 

52 

53 


36 24 31 

49 24 41 
03 24 SO 

17 25 00 

31 25 09 
45 25 19 
59 25 28 
13 25 38 
27 25 47 
41 25 57 
55 26 06 
10 26 16 
24 26 25 

38 26 35 

52 26 45 
07 26 54 
21 27 04 

35 27 13 

50 27 23 
04 27 33 

19 27 43 
33 27 52 

48 28 02 
03 28 12 

18 28 22 
33 28 31 
47 28 41 
02 28 51 
17 29 01 

32 29 II 

47 29 20 
01 29 30 

17 29 40 

33 29 50 

49 30 00 

20 30 20 

50 30 40 
23 31 00 
54 31 20 

27 31 40 

57 32 00 
30 32 20 
04 32 41 

36 33 01 
10 33 22 
44 33 43 

18 34 03 

53 34 24 

28 34 45 
03 35 06 

39 35 27 
16 35 48 
S 3 36 09 
30 36 31 
08 36 52 


19 

19 

19 

20 
20 
20 
20 

20 

21 

2 T 

21 

21 

21 

22 
22 
22 
22 
22 
23 
23 

23 
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Table 8.—Angle between Arbor and Table.— Continued 


Rise in a 
Complete 
Rev. of 
Cam 

Lead of 
Mach. 
0.670 
Inch 

Lead of 
Mach. 
1.050 
Inch 

Lead of 
Mach. 
r.500 
Inch 

Lead of 
Mach. 
2.000 
Inches 

Lead of 
Mach. 
3.000 
Inches 

Lead of 
Mach. 
4.000 
Inches 

Lead of 
Mach. 
5.000 
Inches 

Load of 
Mach. 
6.000 
Inches 

w 

Q 

d 

S 

W) 

<u 

Q 

,5 

w 

bo 

(U 

Q 

d 

g 

VI 

bo 

(U 

Q 

•S 

S) 

0 

Q 

d 

S 

0 

Q 

.d 

S) 

0 

Q 

d 

g 

0 

Q 

d 

1.210 





53 

46 

37 

14 

23 

47 







1.220 





54 

25 

37 

35 

23 

59 







1.230 





55 

05 

37 

57 

24 

12 







1.240 





55 

43 

38 

19 

24 

25 







1.250 





56 

26 

38 

41 

24 

37 

18 

13 





1.260 





57 

08 

39 

03 

24 

50 

18 

22 





1.270 





57 

51 

30 

25 

25 

03 

18 

31 





1.280 





58 

34 

39 

48 

25 

IS 

18 

40 





1.290 





59 

19 

40 

09 

25 

28 

18 

49 





1.300 





60 

04 

40 

32 

25 

41 

18 

58 





1.310 





60 

51 

40 

55 

25 

53 

T9 

0/ 





1.320 





61 

38 

41 

18 

26 

06 

19 

16 





1.330 





62 

28 

41 

41 

26 

19 

19 

25 





1.340 





63 

17 

42 

04 

26 

32 

19 

34 





1.350 





64 

10 

42 

27 

26 

45 

19 

43 





1.360 





65 

03 

42 

50 

26 

57 

T9 

53 





1.370 





65 

59 

43 

14 

27 

10 

20 

02 





1.380 





60 

56 

43 

38 

27 

23 

20 






1.390 





67 

55 

44 

02 

27 

30 

20 

20 





1.400 





i 68 

49 

44 

25 

27 

49 

20 

29 





1.410 





70 

03 

44 

50 

28 

02 

20 

39 





1.420 





71 

12 

45 

14 

28 

15 

20 

48 





1.430 





72 

26 

45 

39 

28 

28 

20 

57 





1,440 





73 

45 

46 

03 

28 

41 

21 

06 





1.450 





75 

09 

46 

28 

28 

54 

21 

15 





1.460 





76 

45 

46 

53 

29i 

07 

21 

24 





1.470 





78 

31 

47 

18 

29 

20 

21 

34 





1.480 





80 

. 38 

47 

44 

20; 

33 

21 

43 





1.490 





83 

! 23 

48 

10 

29 

46 

21 

52 





1.500 





90 

00 

48 

36 

30 

00 

2 2 

02 




1 

1.525 







49 

41 

30 

32 

22 

24 





1.550 







50 

48 

31 

06 

22 

48 





1.575 







SI 

57 

31 

40 

23 

II 





1.600 







53 

09 

32 

14 

23 

35 

18 

40 



1.625 







54 

23 

32 

48 

23 

58 

18 

58 



1.650 







55 

39 

33 

22 

24 

21 

19 

16 



1.675 







56 

52 

33 i 

56 

24i 

45 

19 

34 



1.700 







58 

12 

34 

31 

25 

09 

19 

52 



1.725 







59 

36 

35 

06 

25 

33 

20 

II 



r .750 







61 

03 

35 

41 

25 

57 

20 

29 



1.775 







02 

34 

36 

16 

26 

21 

20 

48 



1.800 







64 

10 

36 

52 

26 

45 

21 

06 



1.825 







65 

51 

37 

28 

27 

09 

21 

24 



1.850 







67 

40 

38 

04 

27 

33 

21 

43 



1.875 







69 

38 

38 

41 

27 

57 

22 

02 



1.900 







71 

49 

39 

i6i 

28 

21 

22 

20 



1.925 







74 

16 

39 

55 

28 

46 

22 

39 



1.950 







77 

10 

40 

33 

29 

10 

22 

57 



1.975 







80 

56 

41 

II 

29 

35 

23 

161 



2.000 







90 

00 

41 

49 

30 

00 

23 

35 

19 

28 

2.100 









44 

26 

31 

4cJ 

2d 

50 

20 

28 

2.200 









47 

10 

33 

22 

26 

06 

21 

30 

2.300 









50 

03 

35 

06 

27 

23 

22 

32 

2.400 









53 

08 

36 

52 

28 

41 

23 

35 
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Table 8 .—Angle between Arbor and Table— Continued 


Rise in a j 
Complete 
Rev. of 
Cam 

Lead of 
Mach. 
0.670 
Inch 

Lead of 
Mach. 
1.050 
Inch 

Lead of 
Mach. 
1.500 
Inch 

Lead of 
Mach. 
2.000 1 
Inches 

Lead of 
Mach. 
3.000 
Inches 

Lead of 
Mach. 
4.000 
Inches 

Lead of 
Mach. 
5.000 
Inches 

Lead of 
Mach. 
6.000 
Inches 

Q 


S) 

0) 

Q 

d 

s 

<u 

0 

d 

S) 

0) 

Q 

d 

2 

in 

bo 

<u 

0 

d 

s 

a 

0) 

Q 

d 

0) 

Q 

.£ 

S) 

p 

.s 

< 

2.500 




1 

\ 




56 

24 

38' 

41’ 

30 

00 

24 

37 

2.600 









* 60 

04 

40 

32 

31 

20 

25 

4T 

2 .700 









64 

09 

42 

27 

32 

41 

26 

45 

2.800 









68 

58 

44 

25 

34 

03 

27 

49 

2.900 









75 

09 

46 

28 

35 

27 

28 

53 

3.000 









90 

00 

48 

36 

36 

52 

30 

00 

3.100 











50 

48 

38 

19 

31 

08 

3.200 











53 

08 

39 

47 

32 

22 

3.300 











55 

35 

41 

18 

33 

22 

3.400 











58 

13 

42 

SI 

34 

31 

3..500 











61 

03 

44 

26 

35 

41 

3.600 











64 

09 

46 

03 

36 

52 

3.700 











67 

40 

47 

44 

38 

04 

3.800 











71 

49 

49 

28 

39 

18 

3.900 











77 

TO 

51 

16 

40 

33 

4.000 











90 

00 

53 

07 

41 

49 

4.250 













58 

12 

45 

09 

4.500 













64 

10 

48 

3(> 

4-750 













71 

49 

52 

20 

5.000 













90 

00 

56 

26 

5.250 















61 

03 

5.500 















66 

26 

5.750 















73 

24 

6. ooo 








1 







90 

00 


Other Tables for Milling Cams 

The following tables computed by the Cincinnati Milling 
Machine Co. will be also found very useful. 

These tables give all the information necessary and it onlyremains 
for the milling machine operator to select the lead of the desired 
cam from the tables and set up for the corresponding change gears 
and angles. 

In setting the vertical milling attachment read the angle direct 
from the dial. Example: if the angle given in the table is 39J 
degrees, set the spindle 39I degrees from its vertical position. 

In setting the dividing head, subtract the angle in the table 
from 90 degrees. The difference represents the angle to which 
the dividing head spindle must be raised from the horizontal 
position. 

Example: The angle given in the table is 39J degrees. 90 
degrees minus 39! degrees equals 505 degrees. 

Set the dividing head spindle 50J degrees up from the horizontal 
position. This angle is read direct from the dial. The setup is 
shown in Fig. 22. 

The tables may of course be used in connection with the cutting 
of any other similar cams. 
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Table 9.—Geaks ^or Milling Cams 








410 MILLING-MACHINE FEEDS AND SPEEDS 

Table 9.—Gears for Milling Cams .—Continued 

ills s --i I E ill 

fell. 


2 28 100 zH 
r6 28 100 l6 
2 24 100 20 
6 32 100 32^ 
a 24 100 lot 
2 28 100 36 
6 28 100 I4i 
2 24 86 351 
6 28 100 14 

4 24 100 32J 
2 28 100 3Si 
6 28 100 13 

2 24 86 35 
2 24 roo 17^ 
6 28 100 12 
2 24 100 17 
2 24 86 34J 
2 24 100 i6| 

5 28 100 loj 
5 28 100 10 

5 32 100 3oi 
2 24 86 34 
2 24 100 IS 
) 32 100 30 
2 24 100 14^ 

^ 24 100 3oi 
i 24 100 14 
i 32 100 29§ 

! 28 100 33i 
! 24 100 13 
t 24 86 33 
I 24 100 I2i 
! 28 100 33 
24 100 2gh 
24 100 n< 

' 32 100 284 
' 32 100 41 
24 100 20 
24 100 10 
24 86 32 
24 86 41 
24 100 284 
32 100 27I 
24 86 31I 
28 86 43 
28 100 314 
24 86 40t 
24 86 31 
32 100 40 
32 100 414 


! a8 too 31 
! 24 86 304 
f 24 86 40 
32 100 26 
32 100 3 o4 
32 100 41 
32 100 2Si 

24 86 301 

28 icx> 30 
24 100 26 
32 100 30 
32 100 404 
28 100 2o 4 
24 86 29 
24 86 39 
32 100 384 
28 roo 20 
24 86 284 

28 86 41 
32 100 234 
28 100 284 
24 86 28 
32 100 23 
32 100 304 
28 100 28 
24 86 274 
I 32 100 374 
28 100 274 
32 100 22 
40 100 42 
24 86 374 


2 24 86 24 

1 24 ICO IQ 

2 28 100 24 

8 24 86 234 
5 32 100 17 
^ 28 100 3s 4 
) 32 100 i64 
^ 24 863s 

t 24100174 

24 86 224 
- 28 100 35 

t 28 86374 
28 100 224 
24 too i64 
I 32 100 34 
24 100 10 
32 100 14 
24 100 154 
28 100 214 
24 roo IS 
32 100 13 
24 too 144 
32 100 ia4 
' 24 loo 14 
24 86 20 
32 100 ii4 
28 100 334 
24 too 13 
32 100 io4 
24 loo 124 

24 zoo Z 2 


24 

72 

24 

86 

26i 

.832 

24 

64 

24 

zoo 

ii 4 

24 

56 

24 

too 

36 

.883 

24 

64 

24 

86 

32J 

24 

86 

32 

100 

21 

.884 

28 

86 

32 

zoo 

32 

24 

72 

32 

ZOO 

38i 

.885 

24 

64 

24 

zoo 

loi 

24 

72 

24 

86 

26 

.886 

24 

64 

24 

zoo 

10 

24 

72 

28 

86 

39i 

.887 

24 

72 

24 

86 

i 7 i 

24 

56 

24 

100 

35I 

.888 

24 

64 

24 

86 

32 

24 

86 

32 

100 

20 

.889 

24 

72 

24 

86 

17 

24 

64 

24 

100 

21 

.890 

24 

72 

28 

100 

17J 

24 

72 

32 

zoo 


.891 

34 

56 

24 

zoo 

30 

24 

86 

32 

zoo 

I 9 i 

.892 

24 

72 

24 

86 

i6i 

24 

72 

28 

86 

39 

■893 

28 

86 

32 

ZOO 

31 

24 

86 

32 

100 

19 

.894 

24 

72 

24 

86 

z6 

24 

72 

28 

zoo 

25 

•89s 

24 

64 

28 

100 

31} 

24 

64 

24 

zoo 

20 

.896 

24 

72 

24 

86 

isJ 

24 

86 

32 

too 

i84 

.897 

24 

72 

28 

zoo 

z 6 

24 

J 4 

24 

100 

19J 

.898 

24 

72 

24 

86 

15 

24 

86 

32 

100 

x 8 

.899 

24 

72 

28 

zoo 
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Tabi.i: 0-—Gears for Milling Cams.— Continued 




u 

V 






CD 

— 

— 



V 

4> 

— 

— 


e 


ci 




s 


a 




s 

e« 

.ss 




0 

g 

a 

u 

6 

u 

4; 

c 



0 

a 

0) 

a 

u 

"S 

6 

u 

0 

cr; 

c 



0 

B 

a 

4J 

1 



-o 


fl 


0 

l-l 



0 

c 


0 



0 

B 

B 

0 

.33 

cJ 

(y 

hJ 

§ 

0 

c/3 

B 

N 

w 

0 

1 

0 

0) 

0 


c 

(D 

0 

< 

a 

V 

•-] 

1 


-o 

B 

1 

bO 

.900 

24 

56 

24 

100 

29 

•950 

24 

72 

32 

86 

40 

1.000 

24 

86 

44 

100 

35* 

.901 

24 

72 

28 

100 

15 

•951 

24 

56 

24 

100 

22* 

1.001 

24 

56 

24 

100 

13* 

.902 

24 

72 

24 

86 

14 

•952 

28 

86 

32 

100 

24 

1.002 

28 

86 

32 

100 

16 

.903 

24 

72 

28 

100 

I4i 

•953 

24 

64 

24 

86 

24* 

1.003 

24 


24 

100 

13 

.904 

24 

72 

24 

86 


■954 

24 

56 

24 

lOO 

22 

1.004 

28 

86 

32 

100 

15* 

•90s 

24 

72 

28 

100 

14 

.955 

24 

72 

32 

100 

26* 

1.005 

24 

56 

24 

100 

12* 

.906 

24 

72 

24 

86 

13 

•956 

24 

64 

28 

86 

38} 

1.006 

24 

56 

24 

100 

12 

.907 

24 

72 

28 

100 

I3i 

•957 

24 

56 

24 

100 

21* 

1.007 

2.1 

6a 

24 

86 

16 

.908 

24 

72 

24 

86 

i2i 

•958 

24 

72 

28 

86 

28 

1.008 

24 

56 

24 

100 

"t 

.909 

24 

72 

28 

100 

13 

•959 

24 

72 

32 

100 

26 

1.009 

28 

86 

32 

100 

14* 

.910 

24 

72 

32 

100 


.960 

24 

64 

24 

86 

23* 

l.OIO 

24 

S6 

24 

100 

11 

.911 

24 

72 

28 

100 

12} 

.961 

24 

86 

44 

100 

38* 

I.OII 

28 

86 

32 

100 


.912 

24 

72 

28 

100 

12 

.962 

24 

72 

28 

86 

27* 

I.OI2 

24 

56 

24 

100 

10* 

.913 

24 

72 

24 

86 

II 

•963 

28 

86 

32 

100 

22I 

I.OI3 

24 

56 

24 

100 

10 

.914 

24 

72 

28 

100 

iij 

.964 

24 

56 

24 

100 

20* 

I.OI4 

24 

64 

24 

86 

14* 

•915 

24 

73 

33 

100 

31 

.965 

24 

64 

32 

ioo'36J 

I.ois 

28 

86 

32 

100 

13 

.916 

24 

73 

24 

86 

10 

.966 

28 

86 

32 

IOO;22 

I.0I6 

24 

64 

34 

86 


.917 

24 

72 

28 

100 

loi 

.967 

24 

56 

24 

100 

20 

1.017 

28 

86 

32 

100 

It* 

.918 

24 

64 

38 

100 

29 

.968 

24 

56 

24 

8636 

I.0I8 

24 

64 

24 

86 

13* 

.919 

24 

72 

28 

100 

10 

.969 

24 

64 

28 

86;37i 

I.0I9 

28 

86 

32 

100 

12 

.920 

28 

86 

32 

100 

28 

.970 

24 

56 

24 

100 10* 

1.020 

24 

64 

24 

86 

13 

.931 

24 

56 

24 

100 

26) 

.971 

24 

72 

28 

86'26J 

I.02I 

28 

86 

32 

100 


.933 

24 

64 

28 

86 

41 

■972 

86 

44 

32 

64'6 

1.022 

24 

64 

24 

<0 

CC 

12* 

•923 

24 

64 

28 

100 

28i 

•973 

24 

56 

24 

100:19 

1.023 

28 

86 

32 

100 

II 

.924 

28 

86 

32 

100 

27* 

•974 

24 

64 

24 

86121* 

1.024 

24 

64 


86 

12 

•925 

34 

S6 

24 

100 

26 

•975 

24 

72 

32 

looi 24 

1.025 

24 

64 

28 

100 


.926 

34 

64 

32 

100 

39i 

.976 

28 

86 

32 

100 

20* 

1.026 

24 

64 


86 

n* 

.937 

24 

64 

28 

100 

I28 

•977 

24 

64 

28 

lOO 

21* 

1.027 

24 

64 

ao 

100 

12 

.928 

24 

64 

28 

86 

40* 

•978 

24 

56 

24 

100 

18 

1.028 

24 

64 


86 

II 

•929 

24 

56 

24 

100 

25} 

•979 

28 

86 

32 

100 

20 

1.029 

24 

64 

38 

100 


•930 

24 

72 

28 

86 

31 

.980 

34 

64 

28 

100 

21 

1.030 

24 

64 


86 

10* 

.931 

24 

64 

28 

100 

27h 

.981 

24 

64 

24 

86 

20* 

1.031 

24 

64 

28 

100 

II 

•932 

28 

72 

32 

100 

4li 

.982 

28 

86 

32 

100 

19* 

1.032 

24 

64 

28 

100 

10* 

•933 

24 

64 

24 

86 

27 

•983 

24 

72 

28 

86 

25 

1033 

24 

72 

32 

100 

14* 

•934 

24 

86 

44 

100 

40^ 

•984 

24 

56 

24 

100 

17 

I.C34 

24 

64 

28 

100 

10 

•935 

24 

72 

28 

86 

30* 

.985 

28 

86 

32 

100 


1.035 

24 

72 

32 

100 

14 

•936 

24 

56 

24 

100 

24* 

.986 

24 

72 

32 

100 

22*1 

1.036 

24 

56 

24 

86 

30 

•937 

24 

64 

24 

86 

26* 

•987 


64 

24 

86 

191 

1.037 

24 

72 

32 

100 

13* 

•938 

24 

72 

32 

100 

28j 

.988 

28 

86 

32 

100 

iS* 

1.03S 

24 

72 

28 

86 

17 

•939 

24 

64 

32 

100 

38i 

•989 

24 

56 

24 

100 

16 

1.039 

24 

64 

32 

100 

30 

.940 

24 

56 

24 

100 

24 

.990 

24 

64 

24 

86 

10 

1.040 

24 

72 

32 

TOO 


.941 

24 

64 

24 

86 

26 

•99X 

28 

86 

32 

100 


1.041 

24 

56 

24 

86 

29* 

•943 

24 

72 

32 

100 

28 i 

.992 

24 

5t> 

24 

100 

15* 

1.042 

24 

72 

32 

100 

12* 

•943 

24 

72 

32 

86 

40J 

.993 

24 

64 

21 

86 

18* 

1.043 

24 

72 

28 

86 

16 

•944 

24 

S6 

24 

100 

23i 

•994 

24 

56 

24 

100 


1.044 

24 

72 

32 

lOO 

12 

•945 

24 

64 

24 

86 

2Si 

•995 

24 

72 

28 

86 

23* 

1.04s 

24 

86 

40 

100 

to* 

.946 

24 

72 

32 

100 

27L 

.996 

24 

56 

24 

100 

14* 

1.046 

24 

72 

32 

100 

II* 

•947 

24 

56 

24 

100 

23 

•997 

24 

56 

24 

86 

33* 

1.047 

24 

72 

32 

100 

II 

.948 

28 

86 

32 

100 

24i 

•998 

24 

56 

*4 

100 


X.048 

24 

72 

28 

86 

15 

•949 

24 

64 

34 

86 

d 

•999 

28 

86 

32 

100 

16* 

1.049 


7 * 

32 

100 

10* 
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Lead 

Gear on Worm | 

1st Intermediate 

V 

1 

d 

i 

Gear on Screw 

Angle 

2 

Gear on Worm 

1st Intermediate 

2nd Intermediate 

Gear on Screw | 

Angle 

Lead 

Gear on Worm 

ist Intermediate 1 

! 

2nd Intermediate | 

Gear on Screw ^ 

i! 

Angle ; j 

i.oso 

24 

72 

28 

86 

i4i 

1.150 

24 

56 

24 

86 

16 

1.250 

24 

64 

28 

72 

31 

1.052 

24 

86 

40 

100 

lOi 

1.152 

28 

86 

44 

100 

361 

1.252 

28 

86 

40 

100 

16 

I.OS4 

24 

72 

28 

86 

14 

1.154 

24 

64 

28 

86 

10 

1.254 

24 

64 

32 

86 

26 

1.056 

24 


24 

86 


1.156 

24 

64 

32 

100 

isi 

1.256 

24 

64 

28 

72 

3oi 

1.058 


86 

40 

100 

18J 

1.158 

24 

56 

24 

86 

I4i 

1.258 

28 

86 

40 

100 

15 

1.060 

28 

86 

40 

100 

3Si 

1.160 

24 

56 

24 

86 

14 

1.260 

28 

86 

40 

100 

Mi 

1.062 

24 

72 

28 

86 

12 

1.162 

24 

64 

32 

100 

I4i 

1.262 

32 

56 

24 

100 

23 

1.064 

24 

86 

40 

100 

I7i 

1.164 

24 

64 

32 

100 

14 

1.264 

24 


40 

100 

i8i 

1.066 

24 

56 

24 

86 

27 

1.166 

24 

72 

40 

100 

29 

1.266 

28 

86 

40 

100 

I3i 

1.068 

24 

64 

28 

86 


1.168 

24 

S6 

24 

86 

I2t! 

1.268 

24 

72 

40 

roo 

18 

1.070 

24 

86 

40 

100 

lOif 

1.170 

24 

56 

24 

86 

12 

1.270 

24 

72 

44 

100 

30 

1.072 

28 

72 

32 

100 

30!f 

1.172 

24 

.56 

24 

86 

Ili 

1.272 

28 

72 

32 

00 

1.074 

24 

64 

32 

lOO 

26p 

1.174 

24 

56 

24 

86 

II 

1.274 

28 

86 

40 

100 

12 

1.076 

24 

64 

32 

86 

39i 

1.176 

24 

56 

24 

86 

loi 

1.276 

28 

86 

40 

100 

iii 

1.078 

24 

86 

40 

100 

IS, 

1.178 

24 

S6 

24 

86 

10 

1.278 

28 

86 

40 

TOO 

11 

1.080 

24 

86 

40 

100 

i4i 

i.iSo 

24 

64 

32 

100 

loi 

1.280 

28 

86 

40 

100 

loi 

1.082 

28 

86 

44 

100 

41 

1.182 

24 

64 

32 

100 

10 

1.282 

s8 

86 

40 

100 

10 

1.084 

24 

.<>6 

24 

86 

25, 

1.184 

24 

64 

32 

roo 


1.284 

24 

72 

40 

100 

isi 

1.086 

28 

86 

40 

100 

331 

1.186 

24 

86 

44 

100 

IS 

1.286 

40 

64 

24 

loojsi 

i.oSS 

24 

56 

24 

86 


1.188 

24 

72 

40 

100 

27 

1.283 

24 

72 

40 

100 IS 

1.090 

24 

72 

32 

86 

285 

1.190 

24 

64 

28 

86 


1.290 

24 

72 

40 

loolui 

1.002 

24 

86 

40 

100 

12 

1.192 

24 

64 

28 

86 

12i 

1.292 

32 

.56 

24 

looligi 

1.094 

24 

86 

40 

100 

Ili 

1.194 

24 

64 

28 

86 

12 

1.294 

24 

86 

48 

100 

15 

1,096 

24 

86 

40 

100 

11 

1.196 

28 

72 

32 

100 

16 

1.296 

24 

72 

40 

100 

i3i 

1.098 

28 

72 

32 

100 

28 

1.198 

24 

72 

32 

86 

IS 

1.298 

24 

64 

32 

86 

2ii 

1.100 

28 

72 

32 

86 

40i 

1.200 

24 

72 

32 

86 

Mil 

1.300 

24 

86 

48 

100 

14 

1.102 

24 

64 

28 

86 

25! 

1.202 

24 

64 

28 

86 

10 

1.302 

24 

64 

32 

86 

21 

1.104 

24 

86 

: 44 

100 

26 

1.204 

28 

72 

32 

100 

Mi 

1.30a 

24 

72 

40 

100 

12 

1.106 

40 

64 

! 24 

too 

42i 

1.206 

24 

72 

32 

86 

13! 

1.306 

24 

72 

40 

100 

ni 

1.108 

24 

86 

44 

100 

25} 

1.208 

24 

72 

32 

86 

13 

1.308 

24 

72 

40 

100 

II 

l.IIO 

24 

72 

32 

86 

264 

1.210 

28 

72 

32 

100 

i3i 

1.310 

24 

64 

28 

72 

26 

1.112 

24 

72 

40 

100 

335 

I.2I2 

28 

72 

32 

100 

13 

1.312 

40 

64 

24 

100 

29 

1.114 

24 

64 

32 

86 

37 

I.214 

24 

86 

48 

100 

25 

1-314 

! 28 

86 

44 

100 

23 i 

1.116 

24 

S6 

24 

86 

21 

1.216 

32 

S6 

24 

roo 

27i 

1.316 

28 

64 

52 

loo'ao 

1.118 

28 

72 

32 

100 

26 

1.218 

24 

72 

40 

100 

24 

1.318 

24 

86 

48 

lOO'Ioi 

1.120 

24 

S6 

24 

86 

20J 

1.220 

28 

86 

40 

100 

20i 

1.320 

24 

86 

48 

100 

10 

1.122 

24 

86 

44 

100 

24 

1.222 

24 

72 

40 

100 

23 i 

1.322 

:8 

72 

32 

86 

24 

1.124 

24 

56 

24 

86 

eo 

1.224 

28 

86 

40 

roo 

20 

1-324 

32 

56 

24 

100 15 

1.126 

24 

86 

44 

100 

234 

1.226 

24 

72 

48 

lOO 

40 

1.326 

32 

86 

40 

IOO'27 

1.128 

24 

64 

32 

lOO 

20 

1.228 

28 

86 

44 

100 

31 

1.328 

28 

64 

32 

100 

i8i 

1.130 

24 

72 

40 

100 

32 

1,230 

28 

64 

32 

100 

28} 

1-330 

32 

56 

24 

100II4 

1.132 

24 

64 

28 

86 

22 

1.232 

24 

72 

40 

100 

22^ 

1.332 

28 

64 

32 

100 

18 

1.134 

24 

SO 


86 

i84 

1.234 

24 

86 

48 

100 

23 

1-334 

24 

64 

32 

86 

17 

1,136 

24 

64 

28 

86 

21J 

1.236 

24 

72 

40 

100 

22 

1.336 

32 

56 

24 

100 

13 

1.138 

24 

64 

32 

100 

i84 

1.238 

28 

86 

40 

100 

18 

1.338 

32 

56 

24 

100 

i2i 

1.140 

24 

64 

28 

86 

21 

1,240 

24 

721 

40 

100 

2li 

1.340 


72 

44 

1001 24 

1.142 

24 

64 

32 

86 

3S 

1.242 

28 

86' 

40 

100 

I7i 

1.342 

28 

64 

32 

100 

IC) 

1.144 

24 

56 

24 

86 

17 

1,244 

24 

72, 

40 

100 

21 

1.344 

24 

64 

32 

86 

xii 

1.140 

24 

86 

44 

100 

21 

1.246 

32 

72| 

40 

100 

4Si 

1.346 

32 

50 

24 

lOO 

11 

2.148 

24 

64 

32 

100 

17 

1.248 

2d 

86| 

40 

100 

i 65 

1.348 

32 

56 

24 

100 

loi 
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Table g . —Gears eor Milling Cams .—Continued 


3 s 

"O a? 



32 100 IS 
32 86 14 
32 86 13J 
32 100 14 
32 86 20 
32 86 i2i 
32 86 12 
28 72 2oi 
32 86 ig 
44 xoo 17 I 
32 86 loj 
32 86 10 
32 86 18 
44 100 16 

32 86 i7i 

33 72 34 

44 100 IS, 
24 100122} 
32 8631} 
44 100 14 

24 100 32i 
32 86 15} 
44 100 13 
32 86 15 
24 100 21 
44 100 12 
32 86 14 

44 lOO II 

28 72 IS 
32 86 13 
28 72 14^ 
44 100 is| 
44 86 42 i 
32 86 11} 
32 86 II 
24 100 i8i 
32 86 20 
28 72 12 
48 100 24 
40 100 16 
44 100 12} 
28 72 loi 
28 72 10 
44 100 iii 
44 ICO II 
44 100 loi 
40 100 14 
44 8633J 
! 40 100 2Zt 


24 100 14} 
48 100 21 i 
40 86 20 
40 100 iii 
32 86 44 
24 100 13 
24 100 12^ 
40 86 ig 
40 100 33 
24 100 iii 
24 100 II 
40 86 18 
40 lOO i8i 
40 86 17! 
40 lOO 18 
40 86 17 
40 100 
40 86 16} 
40 100 17 
40 86 16 
40 100 16} 
40 86 15} 

40 lOO 16 

40 lOO 41} 

40 ICO 31 

48 100 16 
40 86 14 
40 100 14} 
48 100 igi 
40 86 13 
44 86 38 
48 86 3Si 
40 86 12 
44 100 22 
48 100 
40 86 II 
40 86 10} 
40 86 10 
44 100 21 
40 100 loi 
40 100 10 
48 100 II 
40 86 42 
48 roo 16 

56 7245, 

48 100 IS* 
32 86 18} 
48 100 IS 
32 86 15 


24 100 20 
48 100 14 
40 86 27 
32 72 21 
44 86 24 
24 100 ig 
48 100 i2i 

44 8623* 

44 100 17 
48 100 11} 
40 100 28 
32 86 IS 
44 100 i6 
48 100 lO 
24 100 17 
32 86 14 
24 100 16} 
24 100 22} 
32 86 13 
44 100 14 

i4 TOO iSa 

32 86 12 
24 100 15 
44 100 34 
32 86 
24 100 2l 
32 72 16 
44 100 IIJ 

32 72 isi 

24 100 13 
I 44 100 loi 
I 44 100 lO 
24 100 12 
I 24 100 igi 

. 32 72 14 

. 24 100 II 
. 24 100 io| 

. 32 72 13, 
t 44 86 ii\ 
t 32 72 12* 
^ 32 7- 12 
I 44 100 iij 
\ 32 72 i7i 
t 32 72II 
> 48 100 23 i 
! 40 86 25 
^ 32 72 10 
\ 40 86 19} 
i 40 86 24i 
i 24 zoo 16 
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Table 9.—Gears for Milling Caus.— Continued 


J 

Gear on Wonn 

I St Intermediate 

2nd Intermediate 

Gear on Screw 

Angle 

Lead 

Gear on Worm 

ist Intermediate 

2nd Intermediate 

Gear on Screw 

Angle 

Lead 

Gear on Worm 

I St Intermediate 

2nd Intermediate 

1 

§ 

0 


1.650 

28 

64 

40 

100 

igj 

1.750 

32 

86 

48 

100 

ii^ 

1.850 

28 

64 

44 

100 

16 

1.652 

40 

56 

24 

100 

i5i 

1.752 

28 

100 

56 

86 

16 

1.852 

28 

72 

44 

86 

2li 

1.654 

24 

72 

44 

86 

14 

1.754 

28 

72 

48 

100 

20 

1.854 

44 

56 

24 

100 

10^ 

1.656 

28 

72 

44 

100 

141 

1.756 

32 

86 

48 

100 

loi 

1.856 

24 

64 

40 

72 

27 

1.658 

24 

72 

44 

86 

I3i 

1.758 

32 

72 

44 

100 

26 

1.858 

24 

64 

44 

86 

I4i 

1.660 

28 

72 

44 

100 

14 

1.760 

28 

72 

48 

100 

195 

1.860 

32 

72 

44 

100 

18 

1.662 

.^2 

86 

4H 

100 

21^ 

1.762 

28 

64 

32 

72 

25 

1.862 

24 

64 

44 

86 


1.664 

28 

72 

44 

100 

132 

1.764 

24 

72 

48 

86 


1.864 

28 

64 

44 

100 

144 

1.666 

28 

64 

32 

72 

31 

1.766 

28 

72 

40 

86 

I2i 

1.866 

24 

64 

44 

86 

I3i 

1.668 

24 

72 

44 

86 

12 

1.768 

32 

72 

48 

100 

.34 

1.868 

28 

64 

44 

100 

14 

1.670 

28 

72 

44 

100 

I2i 

1.770 

28 

72 

48 

100 


1.870 

24 

64 

44 

86 

13 

1.672 

24 

64 

40 

86 

i6j 

1.772 

44 

56 

24 

lOO 

20 

1.872 

28 

64 

44 

100 

I3i 

1.674 

24 

72 

44 

86 

II 

1.774 

24 

72 

48 

86 

i7i 

1.874 

24 

64 

44 

86 

i3i 

1.676 

24 

72 

44 

86 

loi 

1.776 

28 

72 

40 

86 

II 

1.876 

28 

64 

44 

100 

13 

1.678 

28 

64 

40 

100 

i6i 

1.778 

44 

56 

24 

100 

I9i 

1.878 

28 

64 

32 

72 

IS 

1.680 

28 

72 

44 

100 

II 

1.780 

28 

100 

56 

86 

12I 

1.880 

24 

64 

44 

86 


1.682 

28 

72 

44 

100 

lOj 

r.782 

32 

64 

40 

100 

27, 

1.882 

28 

64 

32 

72 


1.6S4 

32 

86 

48 

100 

19 i 

1.784 

24 

56 

40 

86 

26^ 

1.884 

24 

64 

44 

86 

II 

1.636 

28 

64 

40 

100 

isi 

1.786 

28 

100 

56 

86 

iii 

1.886 

28 

64 

44 

100 

III 

1.688 

40 

56 

24 

100 

10 

1.788 

24 

72 

48 

86 

16 

1.888 

28 

72 

44 

86 

18I 

i.6go 

28 

64 

40 

100 

15 

1.790 

28 

lOO 

56 

86 

II 

1.890 

24 

64 

44 

86 

10 

1.692 

24 

64 

40 

86 

14 

1.792 

28 

100 

S6 

86 

10^ 

1.892 

32 

72 

48 

lOO 

27l 

1.694 

32 

72 

44 

100 

30 

1.794 

44 

56 

24 

100 

18 

1.894 

28 

64 

32 

72 

13 

1.696 

24 

64 

40 

86 

I3i 

1.796 

28 

64 

32 

72 

22^ 

1.896 

28 

64 

44 

100 

10 

1.698 

28 

64 

40 

100 

14 

1.798 

24 

64 

44 

86 

2o| 

1.898 

38 

64 

32 

72 

I2l 

1.700 

32 

72 

40 

100 

17 

1.800 

32 

72 

44 

100 

23 

1.900 

28 

64 

40 

86 

31 

1.702 

28 

64 

40 

100 

I3i 

1.802 

28 

64 

32 

72 

22 

1.902 

28 

64 

32 

72 

12 

1.704 

28 

64 

40 

72 

45i 

1.804 

32 

72 

44 

86 

37i 

1.904 

24 

64 

48 

86 

24i 

1.706 

24 

64 

40 

86 

12 

1.806 

24 

56 

40 

86 

25 

1.906 

32 

72 

44 

100 

13 

1.708 

28 

64 

40 

100 

I2i 

1.808 

28 

72 

48 

100 

I4i 

1.908 

28 

64 

32 

72 

II 

1.710 

28 

72 

40 

86 

IQ 

1.810 

28 

72 

48 

86 

33i 

1.910 

32 

72 

44 

100 

I2i 

1.712 

24 

64 

40 

86 

II 

1.812 

24 

72 

48 

86 

13 

1.912 

28 

64 

32 

72 

10} 

1.714 

32 

64 

40 

100 


1.814 

24 

64 

44 

86 

19 

1.914 

' 28 

64 

32 

72 

10 

1.716 

28 

72 

40 

86 

i8i 

1.816 

24 

72 

48 

86 

I2i 

1.916 

24 

S6 

40 

86 

16 

1.718 

24 

64 

40 

86 

10 

1.818 

28 

72 

44 

86 

24 

1.918 

28 

72 

44 

86 

is§ 

1.720 

28 

72 

40 

86 

18 

1.820 

24 

64 

44 

86 

i8i 

1.920 

32 

72 

44 

100 

II 

1.722 

24 

44 

32 

86 

33 

1.822 

44 

$6 

24 

100 

IS 

1.922 

28 

72 

44 

86 

IS 

1.724 

28 

100 

S6 

86 

IQ 

1.824 

40 

86 

44 

100 

27 

1.024 

28 

64 

40 

86 

19 

1.726 

24 

S6 

40 

86 

30 

1.826 

24 

72 

48 

86 

II 

1.926 

32 

72 

44 

100 

10 

1.728 

32 

72 

40 

100 

I3i 

1.828 

24 

56 

40 

86 

33i 

1.928 

28 

64 

44 

86 

301 

1.730 

28 

72 

40 

86 

17 

1.830 

28 

72 

48 

100 

11} 

1.930 

24 

56 

40 

86 

i4i 

X.732 

32 

72 

40 

100 

13 

1.832 

24 

73 

48 

86 

10 

1.932 

32 

64 

40 

100 

IS 

1.734 

28 

72 

40 

86 

i6i 

1.834 

44 

56 

24 

100 

I3i 

1.934 

24 

S6 

40 

86 


X.736 

32 

72 

40 

100 

129 

1.836 

38 

73 

48 

100 

loi 

1.936 

32 

64 

40 

100 

I4| 

X.738 

32 

56 

40 

100 

4oi 

X.838 

; 44 

56 

24 

100 

13 

1.938 

24 

S6 

40 

86 

13J 

1.740 

32 

86 

48 

100 

13 

1.840 

24 

64 

44 

86 

i6i 

1.940 

28 

64 

48 

100 

33i 

1.742 

32 

72 

40 

100 

ii4 

1.842 

32 

72 

40 

86 

37 

1.942 

24 

56 

40 

86 

13 

X.744 

32 

86 

48 

100 

13} 

1.844 

38 

64 

32 

72 

i8i 

1.044 

32 

56 

40 

86 

43 

1.746 

24 

64 

44 

86 

34f 


28 

64 

44 

100 

16} 

1.946 

38 

72 

44 

86 

12 

1.748 

33 

1 

72 

i 

40 

[ 

|ioo 

|10f 

1.848 

44 

S6 

24 

100 

Iii 

1.948 

32 

72 

40 

1 

86 

I 9 i 
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Table 9.—Gears for Milling Cams.— Continued 


Lead 

Gear on Worm | 

ist Intermediate I 

2nd Intermediate 

Gear on Screw 

Angle 1 

Lead 

g 

0 

cs 

d 

0 

0 

ist Intermediate 

2nd Intermediate j| 

K 

u 

CO 

d 

0 

cd 

<u 

0 

u 

1 

•r) 

i 

d 

0 

J 

V 

1 

u 

d 

l-H 

1 

Gear on Screw 

V 

1 

1.950 

28 

72 

44 

86 

iii 

2.050 

28 

64 

48 

100 

I2i 

2.150 

32 

72 

11 

86 

19 

1.952 

40 

86 

44 

100 

i7i 

2.052 

28 

64 

44 

86 

23 i 

2.152 

32 

64 

44 

100 

12 

1-954 

24 

64 

48 

86 

21 

2.054 

28 

64 

48 

100 

12 

2.154 

24 

64 

44 

72 

20 

1.956 

32 

72 

48 

100 


2.056 

40 

86 

48 

100 

23 

2.156 

32 

64 

44 

100 

Hi 

1.958 

40 

86 

44 

lOO 

17 

2.058 

24 

64 

48 

86 

lO^ 

2.158 

24 

S6 

40 

72 

25 

1.960 

28 

72 

44 

86 

10 

2.060 

32 

72 

48 

100 

IS 

2.160 

32 

64 

44 

100 

H 

1.962 

48 

56 

24 

100 

I7i 

2.062 

24 

56 

40 

72 

30 

2.162 

40 

86 

48 

:oo 

ui 

1.964 


64 

40 

72 

iqS 

2.064 

44 

48 

28 

100 

36 i 

2.164 

32 

64 

40 

86 

2ii 

1.966 

28 

64 

40 

86 

15 

2.066 

32 

56 

40 

86 

39 

2.166 

32 

64 

48 

100 

2Si 

1.968 

40 

86 

44 

100 

16 

2.068 

28 

64 

48 100 

10 

2.168 

32 

S6 

40 

100 

I8i 

1.970 

32 

64 

40 

100 

10 

2.070 

32 

72 

48 100 

14 

2.170 

32 

72 

48 

86 

29 

1.972 

48 

56 

24 

100 

i6t 

2.072 

32 

56 

40 100 

25 

2.172 

28 

64 

44 

86 

14 

1.974 

24 

44 

32 

86 

13^ 

2.074 

32 

72 

48,100 

I3i 

2.174 

32 

S6 

40 

100 

x8 

1,976 

28 

64 

44 

86 

28 

2.076 

28 

72 

48 

86 

17 

2.176 

56 

64 

32 

100 

39 

1.978 

24 

44 

32 

86 

13 

2.078 

32 

72 

48 100 

13 

2,178 

40 

72 

44 

xoo 

27 

1.980 

28 

64 

48 

100 

19J 

2.080 

32 

64 

44 109 

19 

2.1S0 

40 

86 

48 

100 

I2i 

1.982 

24 

44 

32 

86 

f2i 

2.082 

32 

72 

48,100 

i2i 

2,182 

28 

72 

56 

86 

30} 

1.984 

28 

48 

40 

86 

43 

2.084 

28 

61 

40 

72 

31 

2.184 

24 

S6 

44 

75 

33} 

1.986 

24 

44 

32 

86 

12 

2.086 

32 

72 

48 100 

12 

2.186 

32 

72 

44 

86 

16 

1.988 

28 

56 

32 

72 

26i 

2.088 

28 

100 

56 

72 

i 6 h 

2.188 

28 

S6 

32 

72 

10 

1.990 

28 

64 

40 

86 

12 

2.090 

32 

72 

48 100 II i 

2.190 

32 

56 


86 

i4i 

1.992 

48 

S6 

24 

100 

i4i 

2,092 

28 

72 

43 

86 

I5i 

2.192 

40 

86 

48 

100 

II 

1.994 

28 

64 

40 

86 

iii 

2.09A 

32 

72 

48 100 

II 

2.194 

28 

64 

40 

72 

2SJ 

1.996 

24 

44 

32 

86 

loj 

2.096 

28 

64 

44 

86 20* 

2.196 

40 

86 

48 

100 

loi 

1.998 

28 

64 

40 

86 

II 

2.098 

32 

64 

44 100 

174 

2.198 

44 

86 

48 

lOO 

26! 

2.000 

48 

56 

24 

too 

13^ 

2.100 

28 

44 

32 

86 

27} 

2.200 

24 

56 

40 

72 

22i 

2.002 

40 

86 

44 

lOO 

12 

2.102 

28 

72 

48 

86 

14^ 

2.202 

32 

72 

44 

86 

i4i 

2.004 

28 

64 

40 

86 

10 

2.104 

2S 

100 

.56 

72 

IS 

2,204 

28 

64 

44 

86 

xo 

2.006 

40 

86 

44 

100 

iii 

2.106 

28 

72 

48 

86 

14 

2.206 

32 

72 

44 

86 

M 

2.008 

48 

56 

24 

100 

12J 

2.108 

40 

44 

24 

100 

IS 

2.208 

32I 

56 

40 

100 

IS 

2.010 

32 

72 

40 

86 

I3i 

2.no 

28 

64 

44 

86 

I9i 

2.210 

48 

100 

56 

86 


2.012 

48 

S6 

24 

too 

12 

2.TI2 

40 

44 

24 

100 

i4i 

2.212 

32 

64 

40 

86 

18 

2.014 

32 

72 

40 

86 

13 

2.II4 

28 

56 

32 

72 

18 

2.214 

24 

64 

44 

72 

IS 

2.010 

40 

86 

44 

100 

10 

2.116 

28 

64 

44 

86 

IQ 

2.216 

32 

72 

44 

86 

13 

2 .oi 8 

32 

72 

40 

86 

I2i 

2.118 

28 

100 

56 

72 

13J 

2.218 

32 

56 

40 

100 


2.020 

28 

72 

48 

86 

2li 

2.120 

, 28 

72 

48 

86 

12} 

2.220 

32 

72 

44 

86 


2.022 

32 

72 

40 

86 

12 

2.122 

281 

100 

56 

72 

13 

2.222 

28 

64 

48 

86 

24* 

2.024 

28 

64 

48 

100 

I5i 

2.124 

28 

72 

48 

86 

12 

2.224 

32 

72 

44 

86 

12 

2.026 

48 

56 

24 

100 

10 

2.126 

28 

100 

S6 

72 

12^ 

2.226 

44 

86 

48 

100 

25^ 

2.028 

28 

64 

48 

100 

IS 

2.128 

28 

64 

44 

86 

18 

2.228 

32 

72 

44 

86 

iii 

2.030 

24 

64 

40 

72 

13 

2.130 

28 

100 

56 

72 

12 

2.230 

32 

64 

40 

86 

16* 

2.032 

32 

72 

40 

86 

lOi 

2.132 


64 

44 

72 


2.232 

32 

72 

44 

86 

II 

2.034 

24 

64 

40 

72 

12} 

2.134 

28 

100 

5<> 

72 

Hi 

2.234 

44 

48 

28 

100 

29} 

2.036 

32 

72 

40 

86 

10 

2.136 

28 

5^1 

32 

72 

16 

2.236 

32 

72 

44 

86 

lot 

2.038 

28 

64 

4? 

100 

14 

2.138 

28! 

72 

48 

86 

10 

2.238 

24 

64 

44 

72 


2.040 

32 

72 

48 

100 


2.140 

24 

56 

40 

72 

26 

2.240 

32 

S6 

40 

100 

Hi 

2.042 

28 

64 

48 

100 

I3i 

2.142 

28 

100 

56 

72 


2.242 

24 


44 

72 

12 

2.044 

40 

44 

24 

100 

20 i 

2.144 

401 

72 

48 

100 

36} 

2.244 

32 

SO 

40 

xoo 

XI 

2.046 

28 

64 

48 

100 

13 

2.146 

28 

56 

32 

72 

IS 

2.246 

24 

64 

44 

72 


2.0^ 

24 

64 

40 

72 

— 

2.148 

44 

86 

48 

100 

29 

2.248 

32 

S 6 

40 

100 

lOi 
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Table 9.—Gears for Milling Cams.— Continued 


44 72II 

48 100 20 
32 100 26 
32 86 17 
32 86 i6i 
40 8612 
44 72 3 ii 
48 100 2l\ 
40 86 25i 
48 100 17 
40 72 IS 
40 72 14 i 
40 72 14 
40 72 I 3 i 
32 86 Hi 
32 86 II 
56 72 4 ia 
48 86 17 
48 72 35 
40 72 10 
44 72 28i 
48 100 i6i 
48 100 loi 
48 86 8j 
32 100 19I 
48 86 13! 
56 72 17 

S6 86 34 i 
40 72 10^ 
44 100 IIj 
32 100 31 
48 86 10 
56 72 I4i 
48 100 loj 
56 72 I 3 i 
56 72 13 
56 72 I2i 
48 86 II 
48 86 loi 
32 100 13} 
48 72 Hi 
48 100 23 
48 72 32 i 
44 86 15^ 
32 86i8i 
40 72 27 
28 100 IS 
56 86 II 
56 86 lok 
40 86 10) 


48 72 31 
44 72 17 
44 86451 
44 86 loi 
28 100 II 
32 100 23 
44 72 15 
40 86 174 
48 86 24 i 
44 86 29i 
44 72 I 7 i 
40 86 i6 
48 86 23 i 
32 86 10 
40 100 45 4 
44 72 loi 
56 86 44* 
40 86 134 
40 86 13 
32 loo 424 
40 86 12 
40 86 II4 
40 72 20 
40 100 444 
44 72 ii 4 
24 64 27 
32 100 i64 
44 86 22 
56 72 45 
44 86 3o4 
44 86 434 
32 100 i 84 
40 100 434 
48 72 24 
44 72 414 
28 56 444 
48 86 41 
S6 72 44 
44 100 12 
44 100 II 4 
48 86 404 
32 100 IS 

S6 86 414 

44 86 42 
28 56 434 
40 100 42 
56 72 43 
32 loo 39 
48 86 394 
44 86 15 



48 72 104 
32 100 384 
48 86 39 
28 56 424 
44 72 39, 
44 86 12 4 
44 86 12 
48 72 40 
44 72 384 
40 72 4r 
48 72 ii4 
48 72 II 

24 6 a 174 

40 8d 18 
44 86394 
44 72 36 
28 56 41 
40 72 29 
44 8639 
40 86 16 
64 86 40 

48 86364 
44 86 384 

48 72 38 
40 100 384 
48 86 344 
56 72 39* 
48 72 37* 
40 100 38 
44 72 34 
40 86 114 
48 86 20* 
40 86 10* 
44 86 35* 
44 72 35 
48 86 31 
44 72 l6§ 
28 5638* 
48 100 ii* 

56 86354 

48 lOO lO* 

28 56 38 
48 72 354 
44 72 14 
48 72 27 
44 86 3s4 
28 100 27* 
40 100 355 
44 7233 
I 28 5637 
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Table 9.—Gears for Milling Cams.— Continued 



Gear on Worm j 

I St Intermediate 

2nd Intermediate 

M 

a 

0 

1 

’W) 

a 

< 


1 

g 

§ 

0 

ist Intermediate 

2nd Intermediate 

s 

CO 

d 

0 

IH 

2 

0 

0 

1 

S 

1 

§ 

2 
0 

ist Intermediate 

K 

Gear on Screw 

Ji 

< 

3.000 

40 

100 

56 

64 

31 

3.250 

44 

64 

48 

100 

10 

3.500 

28 

48 

M 

72 

XI 

3.00s 

40 

64 

48 

86 

305 

3.255 

32 

48 

40 

72 

a8^ 

3.50s 

28 

48 

44 

72 

10] 

3.010 

28 

56 

64 

86 

36 

3.260 

32 

S6 

44 

72 

21 

3.510 

40 

72 

50 

86 

14 

3.0IS 

48 

64 

28 

S6 

36i 

3.26s 

48 

100 

56 

72 

29 

3-51S 

28 

40 

44 

86 

II 

3.020 

48 

100 

S6 

72 

36 

3.270 

40 

56 

44 

86 

264 

3.520 

24 

44 

48 

72 

X4i 

3.02s 

40 

100 

56 

72 

I3f 

3.27s 

44 

40 

32 

xoo 

2lj 

3.52s 

44 

48 

40 

100 

16 

3.030 

40 

64 

44 

72 

37i 

3.280 

48 

64 

28 

S6 

29 

3-530 

40 

56 

44 

86 

15 

3.03s 

24 

40 

48 

86 

25 

3.28s 

32 

48 

40 

72 

274 

3-535 


44 

48 

72 

I3i 

3.040 

44 

48 

40 

100 

34 

3.290 

32 

44 

40 

86 

134 

3-540 

48 

XOO 

56 

72 

i8i 

3.04s 

32 

64 

48 

72 

24 

3.29s 

24 

44 

48 

72 

25 

3-545 

40 

56 

44 

86 

14 

3.0SO 

40 

56 

44 

100 


3.300 

32 

48 

40 

72 

27 

3-550 

24 

44 

48 

72 

12! 

3.05s 

S6 

44 

2« 

86 

42^ 

3.30S 

40 

72 

56 

86 


3-SSS 

40 

56 

48 

xoo 

19! 

3,060 

28 

44 

48 

86 

30! 

3.310 

44 

48 

40 

100 

254 

3.560 

40 

56 

44 

86 

13 

3.06s 

40 

S6 

44 

86 

33 

3.3IS 

32 

48 

40 

72 

264 

3.565 

40 

64 

44 

72 

21 

3.070 \2S 

40 

44 

86 

31 

3.320 

28 

40 

44 

86 

22 

3.570 

48 

100 

56 

72 

17 

3.07s 

44 

48 

40 

100 

,33 

3.32s 

40 

56 

44 

86 

244 

3.57s 

24 

44 

48 

72 

105 

3.080 

40 

64 

48 

86 

28 

3.330 

28 

56 

64 

86 

264 

3.580 

44 

48 

40 

xoo 

I2i 

3.08s 

28 

56 

64 

86 

34, 

3 335 

28 

64 

S6 

72 

xi4 

3.58s 

48 

40 

32 

xoo 

21 

3.090 

48 

64 

28 

56 

34t 

3.340 

40 

64 

44 

ll 

29 

3.590 

40 

64 

48 

72 

30§ 

3.095 

48 

100 

S6 

72 


3.34s 

32 

44 

48 

86 

344 

3-595 

56 

40 

28 

TOO 

23i 

3.100 

24 

44 

48 

72 

3ii 

3.350 

44 

48 

40 

100 

24 

3.600 

44 

48 

40 

xoo 


3.IOS 

40 

100 

S6 

64 

27i 

3*355 

48 

100 

56 

72 

26 

3-605 

48 

64 

28 

56 

x6 

3.no 

44 

48 

40 

100 

32 

3.360 

40 

S6 

48 

100 

1x4 

3.610 

28 

56 

64 

86 

14 

3.II5 

28 

48 

40 

72 

16 

3.36s 

28 

ao 

44 

86 

20 

3-615 

32 

44 

40 

72 

261 

3.120 

44 

64 

48 

100 

19 

3.370 

48 

64 

28 

56 

26 

3.620 

48 

40 

32 

xoo 

I9i 

3.12s 

32 

S6 

44 

72 

26i 

3.37s 

44 

48 

40 

TOO 

23 

3.625 

44 

56 

48 

zoo 

16 

3.130 

32 

56 

48 

86 

IX 

3.380 

32 

S6 

48 

72 

274 

3.630 

32 

48 

40 

72 

III 

3.135 

28 


48 

86 

28 

3.38s 


64 

28 

S6 

254 

3.63s 

28 

40 

48 

86 

2X| 

3.140 

32 

56 

48 

86 

xo 

3-390 

48 

40 

32 

xoo 

28 

3-640 

28 

56 

64 

86 

12 

3.14s 

48 

64 

28 

56 

33 

3-395 

32 

56 

44 

72 


! 3-645 

48 

xoo 

56 

72 

X2| 

3.150 

28 


48 

86 

27i 

3.400 

40 

56 

44 

86 

2x4 

3.650 

40 

72 

6a 

86 

28 

3.155 

28 

64 

56 

72 

22 

3.40s 

28 

44 

48 

86 

x64 

3.655 

32 

64 

.56 

73 

20 

3.160 

44 

48 

40 

100 

30* 

3.410 

32 

48 

40 

72 

23^ 

3-660 

28 

48 

56 

86 

xsl 

3.16s 


44 

48 

72 

29i 

3.41S 

28 

40 

44 

86 

174 

3.66s 

48 

xoo 

56 

72 

II 

3.170 

28 

48 

40 

72 

12 

3-420 

32 

40 

48 

86 

40 

3.670 

48 

xoo 

56 

72 

xoj 

3.175 

32 

48 

40 

72 

31 

3.42s 

28 

56 

64 

86 

23 

3.67s 

48 

64 

28 

56 

xxl 

3.180 

40 

S6 

44 

86 

29J 

3.430 

28 

44 

48 

86 

15, 

3.680 

32 

56 

48 

72 

XS 

3.18s 

40 

100 

S6 

64 

24^ 

3.43s 

44 

48 

40 

TOO 

204 

3.68s 

28 

48 

56 

86 

14, 

3100 

28 

56 

64 

86 

31 

3.440 

48 

100 

56 

64 

35 

3-690 

S6 

48 

24 

64 

32 

3.19s 

44 

72 

48 

86 

20i 

3-445 

28 

44 


86 

14 

3.695 

44 

S6 

48 

100 

II 

3,200 

48 

lOO 

56 

72 

31 

3.450 

28 

56 

64 

86 

22 

3.700 

48 

40 

32 

ICO 

15 

3.20s 

28 

40 

44 

86 

26^ 

3-455 

40 

S6 

44 


19 

3.70s 

32 

56 

48 

72 

13 

3.210 

24 

44 

48 

72 

28 

3.460 

40 

72 

56 

86 

17 

3-710 

44 

100 

S6 

64 

xs 

3.2IS 

40 

64 

48 

72 

39i 

3.46s 

32 

.^4 

S6 

72 

27 

3.71s 

28 

48 

56 

86 

12 

3.220 

S 6 

44 

28 

86 

39 

3.470 

28 

48 

56 

86 


3.720 

32 

56 

48 



3.225 


44 

48 

72 

27 i 

3.475 

40 

S 6 

44 

86 

18 

3.72s 

56 

44 

28 

86 

26 

3.230 

48 

40 

28 

100 

x 6 

3.480 

28 

48 

44 

U 

X24 

3.730 

48 

64 

33 

S 6 

29f 

3.23s 

32 

72 

64 

86 

X2 

3.48s 

40 

56 

44 

86 

17} 

3-735 

40 

64 



12 

S.240 


44 

48 

72 

27 

3.490 

32 

40 

44 

86 

31} 

3.740 

56 


a8 

86 

2Sl 

3.245 

28 

40 

44 

86 

25 

3.49s 

24 

44 

48 

72 

16 

3.745 

40 

64 

48 

72 

26 
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Lead 

1 

a 

0 

1 

1st Intermediate 

2nd Intermediate 

Gear on Screw 





1 


1 


Gear on Worm 

I St Intermediate | 

2nd Intermediate ( 

Gear on Screw 

Angle ]| 

J.7SO 

33 

44 

48 

86 

22^ 

4.000 

28 

40 

48 

72 

31 

4.250 

28 

48 

56 

72 

2oi 

3.755 

40 

64 


72 

loj 

4.005 

40 

64 

48 

72 

16 

4.255 

56 

40 

28 

86 

21 

3.760 

44 

64 

48 

86 

Hi 

4.010 

56 

40 

32 

100 

26§ 

4.260 

44 

72 

64 

86 

20i 

3.765 


64 

56 

72 

I4i 

4-OiS 

40 

64 

48 

72 

isi 

4.265 

56 

44 

28 

Si 

40 

3-770 

48 

40 

32 

xoo 

II 

4.020 

40 

72 

64 

86 

I3i 

4.270 

44 

64 

S6 

86 

i7i 

3-775 

48 

lOO 

56 

64 

26 

4-025 

40 

64 

48 

72 

IS 

4.27s 


44 

S6 

86 

25} 

3-780 

40 

56 

48 

86 

i8i 

4030 

32 

AO 

48 

86 

2si 

4.280 

28 


48 

72 

aji 

3-785 

40 


44 

72 

42 

4-035 

44 

64 

56 

72 


4.28s 

40 

S6 

44 

72 

II 

3-700 

32 

48 

44 

72 

2 l \ 

4.040 

48 

64 

32 

56 

I9i 

4.290 

28 

48 

56 

72 

19 

3-705 

56 

40 

28 

too 

14? 

404s 

56 

48 

44 

100 


4-295 

S6 

48 

24 

64 

ir 

3.800 

56 

44 

28 

86 

23 i 

4-050 

40 

72 

64 

86 

iii 

4-300 

44 

72 

64 

86 

19 

3-805 

44 

72 

S6 

86 

17 

4-055 

40 

48 

44 

86 

18 

4-305 

44 

56 

48 

86 

II 

3.810 

56 

40 

.^2 

86 

43 

4.060 

40 

64 

48 

72 

13 

4-310 

32 

44 

56 

86 

24i 

3-8 iS 

56 

44 

28 

86 

23 

4-065 

44 

64 

48 

72 

27i 

4-315 

28 

48 

56 

72 

18 

3.820 

56 

40 

28 

100 

1,3 

4.070 

44 

72 

64 

86 

26| 

4.320 

44 

64 

48 


loi 

3-825 

44 

72 

56 

86 

16 

4-075 

56 

44 

28 

86 

io5 

4-325 

44 

72 

64 

86 

18 

3.830 

40 

64 

56 

72 

38 

4.080 

44 

56 

48 

86 

2li 

4-330 

28 

S6 

64 

72 

13 

3.835 

28 

40 

48 

86 

II 

4.08s 

56 

48 

24 

64 

21 

4-335 

S6 

40 

28 

86 

18 

3.840 

32 

48 

44 

72 

I9i 

4.090 

40 

64 

48 

72 

II 

4.340 

72 

48 

24 

64 

39} 

3-845 

28 

44 

48 

72 

25 1 

4-095 

28 

48 

56 

72 

25 f 

4-345 

64 



56 

40} 

3-850 

40 

64 

48 

72 

22i' 

4.100 

48 

100 

56 

64 

12 

4.350 

28 

48 

56 

72 

16} 

3-855 

56 

40 

28 

100 

loi 

4-105 

44 

72 

64 

86 

25 ■ 

4-355 

28 

S6 

64 

72 

III 

3.860 

S6 

40 

28 

100 

10 

4.no 

48 

64 

32 

S6 

16 

4.360 

32 

44 

S6 

86 

23 

3-86 s 

56 

40 

28 

86 

32 

4-115 

40 

56 

44 

72 

10 

4-365 

5 6 

40 

32 

100 

13 

3-870 

32 

40 

44 

86 

10 

4.120 

48 

64 


56 

16 

4.370 

56 

40 

28 

86 

16} 

3.87s 

32 

48 

44 

72 

18 

4-125 

28 

44 

48 

72 

I3i 

4.375 

32 

44 

56 

86 

23t 

3.880 

32 

44 

56 

86 

35 

4.130 

48 

100 

56 

64 

loi 

4.3S0 

48 

72 

64 

86 

28 

3.88s 

44 

72 

56 

86 

I2i 

4-135 

32 

56 

64 

86 

I3i 

4.385 

40 

48 

64 

86 

45 

3.800 

40 

64 

48 

72 

21 

4.140 

28 

40 

48 

72 

27i 

4-390 

56 

AO 

32 

100 

iii 

3-805 

40 

48 

44 

86 


4-I4S 

28 

48 

56 

72 


4-395 

44 

64 

S6 

86 

IX 

3.900 

56 

44 

28 

72 

38 

4.150 

48 

64 

32 

56 

i4i 

4.400 

40 

56 

48 

72 

22^ 

3-905 

28 

44 

48 

72 

23 

4-155 

44 

72 

64 

86 

124 

4.405 

44 

64 

48 


16 

3.910 

56 

48 

28 

64 

40 

4.160 

56 

40 

32 

1 86 

37, 

4.410 

56 

44 

24 

64 

22i 

3.91S 

48 

64 

32 

S6 

24 

4.165 

44 

64 

56 

\ 86 

2li 

4.415 


S6 

48 

11 

23 

3.920 

32 

44 

40 

72 

14 

4.170 

44 

64 

48 

1 72 

24s 

4.420 

48 

72 

64 

86 

27 

3.92s 

40 

56 

48 

86 

10 

4.175 

SO 

44 


64 

39 

4.425 

64 

40 

32 

86 


3.930 

S6 


28 

86 

i8i 

4.180 

56 

40 

1 28 

86 

23i 

4.430 

28 

a8 

S6 

72 


3-935 

32 

48 

44 

72 

IS 

4.185 

40 

56 

! 44 

72 

164 

4-435 

48 

64 

S6 

V 

40} 

3-940 

40 

64 

48 

72 

19 

4.190 

64 

48 

32 

72 

45 

4-440 

44 

72 

64 

86 

12} 

3-045 

! 48 

64 

32 

S6 


4.19s 

28 

AO 

48 

72 

26 

4.44s 

S6 

48 

44 

100 

30 

3-950 

48 

72 

56 

86 

24 i 

4.200 

48 

64 

32 

S6 

iii 

4.450 

32 

44 

56 

86 

20 

3-955 

32 

44 

^2 

86 

13 

4-205 

48 

44 

40 

100 

isi 

4.45s 

86 

1 56 


72 

*9} 

3.960 

28 

44 

48 

72 

2X 

4.210 

56 

40 

32 

100 

20 

4.460 

40 

i 56 

48 

72 

20t 

3.965 

56 

48 

24 

64 

25 

4.215 

48 

44 

40 

100 

'5 

4.46s 

44 

64 

48 

72 


3.970 

32 

44 

48 

86 

12 

4.220 

32 

44 

! 56 

86 

27, 

4.470 

44 

1 48 

56 

86 

41} 

3-975 

32 

56 

64 

72 

38i 

4.225 

48 

44 

40 

100 

I4i 

4-475 

28 

40 

48 

72 

16* 

3.980 

32 

40 

44 

86 

I3i 

4.230 

28 

40 

48 

; 72 

35 

4.480 

40 

44 

48 

86 

28 

3.98s 

40 

64 

48 

72 

17 

4-235 

40 

56 

44 

1 72 

14 

4.485 

56 

44 

28 

72 

25 

3-990 

44 


4? 

1 86 

24} 

4.240 

32 

44 

48 

72 

29 

4-490 

32 

48 

56 

72 

30 

3'995 

40 

64 

48 

72 

z 6 i 

4.245 

56 

48 

24 

64 

14 

4495 

32 

44 

48 

72 

23 
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32 64 45 

28» 64 36 
56 72 32 ^ 
44 S 6 40 
24 72 28 
S 6 86 33 i 
64 86 38^ 
56 86 40 

32 72 40 
24 64 igi 
64 86 23! 
28 72 23 
56 86 21 
48 72 12 
48 72 igi 
$6 86 IS 
44 S6 39 , 
56 86 I4i 
$6 86 20 
56 86 14 
48 72 IS 
56 86 13^ 
48 72 14! 
56 86 13 
48 72 14 
48 72 28 
24 64 36^ 

48 86 24 
48 72 13 
56 86 18 
44 72 18 
32 64 43 
32 86 38i 
56 8638 
32 72 38 
44 5637^ 

24 5635 

24 64 II 
S <5 72 34 
56 72 IS 
64 86 36^ 
64 86 iSi 
64 72 22 
28 64 22^ 
28 72 i7i 
44 100 23 
64 86 36 
S6 86 37 i 
24 64 loi 
28 72 z6i 


111 


48 72 Hi 5.000 48 

32 8637 5.00s 56 

64 86 35i 5.010 56 

24 5633^ S-oiS 40 
24 72 37 5-020 40 

24 64 34 5.025 64 

56 72 loj 5.030 56 

48 72 24 5-035 44 

64 86 35 5.040 32 

24 72 2o\ 5.045 64 

32 86 27i 5.050 48 

48 86 38j 5.055 56 

56 86 10 5.060 86 

44 72 10 5.065 86 

56 86 35^, 5.070 40 

32 72 35i 5-075 40 

24 64 33 5.080 64 

40 5 ^ 25^ 5.085 86 

28 64 i8i 5.090 32 

64 72 ni s-095 56 

28 72 iii 5.100 32 

24 72 i8i 5.105 40 

56 86 35I 5. HO 56 
48 86 i6i 5.115 40 

64 86 II 5.120 44 

64 86 23 \ 5-125 56 

24 72 4ii 5.130 64 

44 56 34 5-135 40 

56 86 35 5.140 40 

64 72 i5i 5.145 40 
24 64 37 5.150 48 

32 86 25 5.155 86 

24 64 31J 5.160 40 

28 64 41* 5.16s 44 

56 72 32i 5.170 72 

32 86 19 5.17s 32 

28 64 IS 5.180 56 

64 86 31J 5.185 56 

64 72 i3i 5-190 40 

24 72 IS 5-195 44 

64 72 13 5-200 64 

28 64 36 5.205 64 

64 72 12* 5.210 44 

32 86 33i 5.215 72 

32 72 33 5-220 48 

56 72 21J 5.225 48 

24 72 33* 5.230 44 

64 8631* 5.235 40 

24 64 27* 5.240 86 

56 72 28 5.24s 32 


64 56 72 31 

44 28 64 26 
48 28 64 II 
48 44 72 10 
44 56 86 32 
48 32 72 32 

48 44 100 111 
56 48 72 16 
44 56 72 27 
48 24 36 28 
64 40 56 igj 
48 44 100 10 
64 28 72 141 
48 24 72 32 
56 64 86 I7i 
44 56 86 31 

48 32 72 31 
56 24 64 28 
48 56 72 II 
40 32 86 12 
40 48 72 17 
44 64 86 41 
72 64 86 28 
48 56 86 10^ 
40 48 86 33I 
44 28 64 23 
40 32 86 3oi 
56 64 86 IS 
44 48 72 32 
48 56 86 i8} 
64 56 72 28 


64 56 72 IS 
44 24 56 42^ 
40 48 72 14 
72 64 86 26 
40 48 100 39 
56 64 86 12 
48 56 86 29 
48 24 36 24 
32 28 72 48 
56 64 86 27 
48 24 64 22 
64 56 72 26* 
$6 64 863s 










426 MILLING-MACHINE FEEDS AND SPEEDS 
Table 9.—Gears for Milling Cams.— Continued 






























































WORM AND HELICAL GEARS 427 

Table 10.—Gearing for Cutting Worm and Helical Gears 










































































428 MILLING-MACHINE FEEDS AND SPEEDS 
Gearing eor Cutting Worm and Helical Gears— Continued 


Leads from 3.175 to 6.667 Inches 
Lead _ Driven _ Second X Worm 
10 Drivers First X Screw 


Lead of Spiral in 
Inches 

Gear on Worm 
(Driven) 

First Intermediate 
Gear (Driver) 

Second Intermediate 
Gear (Driven) 

Gear for Screw 
(Driver) 

Lead of Spiral in 
Inches 

Gear on Worm 
(Driven) 

First Intermediate 
Gear (Driver) 

Second Intermediate 
Gear (Driven) 

Gear for Screw 
(Driver) 

§ 

04 

CO 

w 

0 OJ 

•q 0 

PI 

a>i-H 

0 

aS 

0 > 

0'^ 

s . 

0 ) S 

Second Intermediate 
Gear (Driven) 

Gear for Screw 
(Driver) 

3.175 

32 

56 

40 

72 

4.040 

32 

44 

40 

72 

5.185 

32 

48 

56 

72 

3.18Q 

32 

56 

48 

86 

4.059 

32 

44 

48 

86 

5-209 

56 

40 

.32 

86 

3.i9« 

40 

64 

44 

86 

4.070 

40 

64 

56 

86 

5.226 

86 

64 

28 

72 

3-241 

28 

48 

40 

72 

4.074 

32 

48 

44 

72 

5.238 

44 

56 

48 

72 

3-256 

32 

64 

S6 

86 

4.093 

32 

40 

44 

86 

5-316 

40 

56 

64 

86 

3-267 

56 

48 

28 

100 

4.134 

40 

72 

64 

86 

5.333 

32 

40 

48 

72 

3-300 

44 

64 

48 

100 

4.144 

56 

44 

28 

86 

5-347 

44 

64 

56 

72 

3-307 

32 

72 

64 

86 

4 167 

40 

64 

48 

72 

5-357 

48 

64 

40 

56 

3.333 

32 

64 

48 

72 

4 200 

48 

100 

56 

64 

5.412 

64 

44 

32 

86 

3.349 

24 

40 

48 

86 

4.242 

28 

44 

48 

72 

5.426 

40 

48 

56 

86 

3.360 

48 

40 

28 

100 

4.252 

32 

56 

64 

86 

5-444 

56 

40 

28 

72 

3.383 

32 

44 

40 

86 

4.264 

40 

48 

44 

86 

5.568 

56 

44 

28 

64 

3.403 

28 

64 

56 

72 

4.286 

48 

64 

32 

56 

5.625 

72 

48 

24 

64 

3.411 

44 

72 

48 

86 

4.341 

48 

72 

56 

86 

5.657 

32 

44 

56 

72 

3.423 

44 

100 

56 

72 

4.364 

48 

44 

40 

100 

5.714 

64 

48 

24 

56 

3-429 

40 

56 

48 

100 

4-365 

40 

56 

44 

72 

5-759 

86 

56 

24 

64 

3.488 

40 

64 

48 

86 

4-375 

56 

48 

24 

64 

5.788 

56 

72 

64 

86 

3.492 

32 

56 

44 

72 

4.385 

44 

56 

48 

86 

5.833 

48 

64 

56 

72 

3-500 

40 

100 

S6 

64 

4.444 

28 

56 

64 

72 

5.847 

44 

56 

64 

86 

3.520 

44 

40 

32 

100 

4-465 

32 

40 

48 

86 

5.893 

48 

64 

44 

56 

3-551 

28 

44 

48 

86 

4.477 

44 

64 

56 

86 

5.920 

40 

44 

56 

86 

3.56s 

28 

48 

44 

72 

4.480 

S6 

40 

32 

100 

S.926 

64 

48 

32 

72 

3 581 

28 

40 

44 

86 

4-537 

28 

48 

56 

72 

5-954 

64 

40 

32 

86 

3.618 

40 

72 

56 

86 

4.548 

44 

72 

64 

86 

S.969 

44 

48 

56 

86 

3 636 

24 

44 

48 

72 

4-558 

56 

40 

28 

86 

5-972 

86 

48 

24 

72 

3.654 

40 

56 

44 

86 

4.583 

44 

64 

48 

72 

6.061 , 

40 

44 

48 

72 

3.667 

44 

48 

40 

100 

4.667 

28 

40 

48 

72 

6.109 

56 

44 

48 

100 

3.704 

32 

48 

40 

72 

4.736 

32 

44 

56 

86 

6.125 

56 

40 

28 

64 

3.721 

28 

S6 

64 

86 

4.762 

40 

56 

48 

72 

6.136 

72 

44 

24 

64 

3.733 

48 

100 

56 

72 

4.773 

56 

44 

24 

64 

6.140 

44 

40 

48 

86 

3.750 

48 

64 

28 

56 

4.821 

72 

56 

24 

64 

6.160 

56 

40 

44 

100 

3.771 

44 

56 

48 

100 

4.848 

32 

44 

48 

72 

6.202 

40 

48 

64 

86 

3.798 

28 

48 

56 

86 

4.861 

40 

64 

S6 

72 

6.222 

64 

40 

28 

72 

3.810 

32 

S6 

48 

72 

4.884 

48 

64 

56 

86 

6.234 

64 

44 

24 

56 

3-8x9 

40 

64 

44 

72 

4.889 

32 

40 

44 

72 

6.349 

40 

56 

64 

72 

3-837 

44 

64 

48 

86 

4-949 

56 

44 

28 

72 

6.364 

56 

44 

32 

64 

3.840 

48 

40 

32 

100 

4.961 

48 

72 

64 

86 

6.379 

48 

56 

64 

86 

3.850 

44 

100 

56 

64 

5.074 

40 

44 

48 

86 

6.429 

72 

56 

32 

64 

3.889 

33 

64 

56 

72 

5.080 

32 

56 

64 

72 

6.465 

64 

44 

32 

72 

3.907 

28 

40 

48 

86 

5.093 

40 

48 

44 

72 

6 481 

40 

48 

56 

72 

3.930 

56 

40 

28 

100 

5-104 

56 

48 

28 

64 

6.515 

86 

44 

24 

72 

3.979 

44 

72 

56 

86 

S.119 

86 

56 

24 

72 

6.563 

72 

48 

28 

64 

3.986 

40 

56 

48 

86 

5.133 

56 

48 

44 

100 

6.667 

64 

S6 

28 

48 


For leads up to 6.667 inches. 














WORM AND HELICAL GEARS 429 

Gearing tor Cutting Worm and Helical Gears.— Continued 


Leads from 6.720 to 12.444 Inches 
Lead _ Driven _ Secon d X Worm 
lo Drivers First X Screw 


Lead of Spiral in 

Inches 

Gear on Worm 
(Driven) 

First Intermediate 

Gear (Driver) 

Second Intermediate 
Gear (Driven) 

V, 

0 

2Q 

Lead of Spiral in 

Inches 

Gear on Worm 
(DHven) 

First Intermediate 

Geer (Driver) 

Second Intermediate 
Gear (Driven) 

Gear for Screw 
(Driver) 

Lead of Spiral in 

Inches 

Gear on Worm 
(Driven) 

First Intermediate 

Gear (Driver) 

Second Intermediate 
Gear (Driven) 

Gear for Screw 
(Driver) 

6.720 

56 

40 

48 

100 

8.212 

86 

64 

44 

72 

10.238 

86 

56 

48 

72 

6.750 

72 

40 

24 

64 

8.250 

48 

64 

44 

40 

10.286 

72 

40 

32 

56 

6 765 

40 

44 

64 

86 

8.312 

64 

56 

32 

44 

10.313 

72 

64 

44 

48 

6 806 

56 

32 

28 

72 

8.333 

48 

32 

40 

72 

10.370 

56 

48 

64 

72 

6 822 

44 

48 

64 

86 

8.361 

86 

40 

28 

72 

10.390 

64 

56 

40 

44 

6.82s 

86 

56 

32 

72 

8.377 

86 

44 

24 

56 

10.419 

56 

40 

64 

86 

6.968 

86 

48 

28 

72 

8.485 

48 

44 

56 

72 

10,451 

86 

64 

56 

72 

6.984 

44 

56 

64 

72 

8.532 

86 

56 

40 

72 

10.476 

64 

56 

44 

48 

7.000 

S6 

40 

32 

64 

8.551 

86 

44 

28 

64 

10 500 

56 

64 

48 

40 

7 013 

72 

44 

24 

56 

8.555 

44 

40 

56 

72 

10 558 

86 

64 

44 

56 

7.071 

40 

44 

56 

72 

8.571 

72 

56 

32 

48 

10.667 

48 

40 

64 

72 

7.104 

48 

44 

56 

86 

8 682 

64 

48 

56 

86 

10.694 

56 

32 

44 

72 

7 III 

64 

40 

32 

72 

8 687 

86 

44 

32 

72 

10.714 

72 

56 

40 

48 

7.130 

44 

48 

56 

72 

8 839 

72 

64 

44 

56 

10.750 

86 

40 

32 

64 

7.159 

72 

44 

28 

64 

8.889 

56 

28 

32 

72 

10.859 

86 

44 

40 

72 

7.163 

44 

40 

S6 

86 

8.930 

48 

40 

64 

86 

10.90^ 

72 

48 

32 

44 

7.167 

86 

40 

24 

72 

8.958 

86 

56 

28 

48 

10.938 

56 

32 

40 

64 

7.273 

64 

44 

28 

56 

9.000 

72 

40 

28 

56 

10.949 

86 

48 

44 

72 

7.292 

56 

64 

40 

48 

9.143 

64 

40 

32 

56 

II.Ill 

64 

32 

40 

72 

7.330 

80 

44 

24 

64 

9.166 

48 

32 

44 

72 

11.168 

86 

44 

32 

56 

7.333 

44 

40 

48 

72 

9.214 

86 

40 

24 

56 

11.169 

72 

48 

64 

86 

7 407 

40 

48 

64 

72 

9.333 

48 

40 

56 

72 

11.198 

86 

64 

40 

48 

7.465 

86 

64 

40 

72 

9-351 

72 

56 

32 

44 

II .250 

72 

32 

28 

56 

7.500 

72 

48 

32 

64 

9.375 

72 

64 

40 

48 

II.313 

56 

44 

64 

72 

7.601 

86 

44 

28 

72 

9.385 

86 

56 

44 

72 

II .402 

86 

44 

28 

48 

7 619 

48 

S6 

64 

72 

9.406 

86 

40 

28 

64 

11.518 

86 

64 

48 

56 

7.679 

86 

64 

32 

S6 

9.429 

48 

56 

44 

40 

11.667 

56 

32 

48 

72 

7.714 

12 

40 

24 

56 

9.471 

S6 

44 

64 

86 

11.688 

72 

56 

40 

44 

7.778 

64 

32 

28 

72 

9.524 

64 

56 

40 

48 

11.758 

86 

32 

28 

64 

7.814 

48 

40 

56 

86 

9.545 

72 

48 

28 

44 

ii .786 

72 

56 

44 

48 

7.839 

86 

48 

28 

64 

9.556 

86 

40 

32 

72 

11.852 

64 

24 

32 

72 

7.875 

72 

40 

28 

64 

9.568 

72 

56 

64 

86 

12.000 

72 

40 1 

32 

48 

7.955 

56 

64 

40 

44 

9 598 

86 

64 

40 

56 

12.031 

56 

32 I 

44 

04 

7.963 

86 

48 

32 

72 

9.62s 

56 

64 

44 

40 

12.040 

86 

56 

64 

72 

8 000 

64 

40 

28 

56 

9.643 

72 

64 

48 

56 

12.121 

64 

48 

40 

44 

8.021 

56 

64 

44 

48 

9.697 

64 

48 

32 

44 

12.178 

72 

44 

64 1 

86 

8.036 

72 

64 

40 

56 

9.722 

56 

32 

40 

72 

12.216 

86 

64 ! 

40 

44 

8.063 

86 

40 

24 

64 

9.773 

86 

44 

32 

64 

12.222 

48 

24 i 

44 

72 

8.081 

40 

44 

64 

72 

9.778 

44 

40 

64 

72 

12.273 

72 

64 

48 

44 

8.118 

48 

44 

64 

86 

9.844 

72 

32 

28 

64 

12.286 

86 

40 

32 

56 

8.148 

44 

48 

64 

72 

9.954 

86 

48 

40 

72 

12.318 

86 

64 j 

44 


8.182 

72 

44 

28 

56 

10.159 

64 

28 

32 

72 

12.375 

72 

40 

44 

64 

8.186 

44 

40 

64 

86 

10.227 

72 

64 

40 

44 

12.444 

S6 

40 

64 

72 


For leads up to 12.444. 








430 MILLING-MACmNE FEEDS AND SPEEDS 

Gearing for Cutting Worm and Helical Gears— Continued 


Leads from 12.468 to 24.635 Inches 
Lead Driven _ Second X Worm 

10 Drivers First X Screw 


2 

'5 

CO 

'O'g 

hJ 

Gear on Worm 
(Driven) 

First Intermediate 

Gear (Driver) 

Second Intermediate 
Gear (Driven) 

Gear for Screw 
(Driver) 

Lead of Spiral in 

Inches 

Gear on W^orm 
(Driven) 

<D 

.2 

s.> 

c 

1 - 

4 ) 

.2 

4).^. 
B (3 
r a> 

s > 

8 ^ 
80 

cn 

8 

0 

C / i ^ 
u ^ 

ih n 

go 

1 

Pi 

CO 

»♦-« w 

0 <u 

•o 0 

Gear on Worm 
(Driven) 

First Intermediate 

Gear (Driver) 

Second Intermediate 
Gear (Driven) 

Gear for Screw }{ 

(Driver) II 

12.468 

64 

56 

48 

44 

15.429 

72 

56 

48 

40 

19.196 

86 

32 

40 

56 

12.500 

56 

28 

40 

64 

15 469 

72 

32 

44 

64 

19.286 

72 

32 

48 

56 

12.542 

86 

40 

28 

48 

15.556 

64 

32 

56 

72 

19.592 

64 

28 

48 

56 

12.571 

64 

S6 

44 

40 

15.636 

86 

40 

32 

44 

19.636 

72 

44 

48 

40 

12 698 

64 

28 

40 

72 

15.677 

86 

64 

56 

48 

19.688 

72 

32 

S6 

64 

12.798 

86 

S6 

40 

48 

15.714 

64 

32 

44 

56 

19.708 

86 

48 

44 

40 

12 833 

S6 

48 

44 

40 

15.750 

72 

64 

56 

40 

19.907 

86 

24 

40 

72 

12.857 

72 

28 

32 

64 

15.926 

86 

48 

64 

72 

20.156 

86 

64 

72 

48 

12.963 

56 

24 

40 

72 

16.071 

72 

32 

40 

S6 

20.204 

72 

28 

44 

56 

13.030 

86 

48 

32 

44 

16.12s 

86 

64 

48 

40 

20.364 

64 

44 

56 

40 

13.091 

72 

40 

32 

44 

16.288 

86 

48 

40 

44 

20.455 

72 

32 

40 

44 

13.12s 

S6 

32 

48 

64 

16.296 

64 

24 

44 

72 

20.476 

86 

56 

64 

48 

13.139 

86 

40 

44 

72 

16.424 

86 

32 

44 

72 

20.571 

72 

56 

64 

40 

13.333 

64 

32 

48 

72 

16.500 

72 

48 

44 

40 

20.625 

72 

48 

44 

32 

13.395 

72 

40 

64 

86 

16.722 

86 

40 

56 

72 

20.741 

64 

24 

56 

72 

13.438 

86 

32 

28 

56 

16.753 

86 

56 

48 

44 

29.903 

86 

32 

56 

72 

13.500 

72 

64 

48 

40 

16.797 

86 

32 

40 

64 

20.952 

64 

24 

44 

56 

T3.636 

72 

48 

40 

44 

16.875 

72 

32 

48 

64 

2T. .000 

72 

48 

56 

40 

13.651 

86 

28 

32 

72 

16.893 

86 

56 

44 

40 

21.116 

86 

32 

44 

56 

13.714 

64 

56 

48 

40 

16.970 

64 

48 

56 

44 

21.429 

72 

28 

40 

48 

13.750 

56 

28 

44 

64 

17.063 

86 

28 

40 

72 

21.818 

72 

48 

64 

44 

13.93s 

86 

24 

28 

72 

17.102 

86 

64 

56 

44 

21.939 

86 

28 

40 

56 

13.961 

86 

56 

40 

44 

17.143 

72 

56 

64 

48 

21.989 

86 

64 

72 

44 

13.968 

64 

28 

44 

72 

17.277 

86 

64 

72 

56 

22.041 

72 

28 

48 

56 

14.026 

72 

56 

48 

44 

17.374 

86 

44 ! 

64 ! 

72 

22.338 

86 

56 

64 

44 

14 063 

72 

32 

40 

64 

17.455 

64 

44 

48 j 

40 

22.396 

86 

32 

40 

48 

14 077 

86 

56 

44 

48 

17.500 

56 

24 

48 

64 

22.500 

72 

28 

56 

64 

14.143 

72 

56 

44 

40 

17.551 

86 

i3 

32 

S6 

22.803 

86 

48 

56 

44 

14.259 

S6 

24 

44 

72 

17.679 

72 

56 

44 

32 

22.857 

64 

24 

48 

56 

14.286 

64 

32 

40 

S6 

17.777 

64 

28 

56 

72 

22.909 

72 

44 

56 ! 

40 

14.318 

72 

64 

56 

44 

17.917 

86 

32 

48 

72 

23.036 

86 

56 

72 

48 

14.333 

86 

40 

48 

72 

17.959 

64 

28 

44 

56 

23.333 

64 

48 

56 

32 

14.659 

86 

64 

48 

44 

18.333 

64 

48 

44 

32 

23.455 

86 

44 

48 

40 

14.667 

64 

: 48 

44 

40 

18.367 

72 

28 

40 

56 

23.516 

86 

64 

56 

32 

14.694 

i 72 

1 28 

32 

56 

18.429 

86 

56 

48 

40 

23.571 

72 

28 

44 

48 

14.781 

86 

64 

44 

40 

18.477 

86 

32 

44 

64 

23.889 

86 

32 

64 

72 

14.815 

64 

24 

40 

72 

18.667 

64 

48 

S6 

40 

24.000 

72 

48 

64 

40 

14.931 

86 

32 

40 

72 

18.701 

72 

56 

64 

44 

24.133 

86 

28 

44 

56 

IS 000 

56 

28 

48 

1 64 

18.750 

72 

32 

40 

48 

24.188 

86 

64 

72 

40 

(5.202 

86 

44 

S6 

72 

18.770 

86 

28 

44 

72 

24.432 

86 

32 

40 

44 

5.238 

64 

28 

48 

1 72 

18.813 

86 

64 

56 

40 

24.545 

72 

44 

48 

32 

ts.273 

S6 

44 

48 

40 

19.091 

72 

48 

56 

44 

24.571 

86 

56 

64 

40 

15.357 

86 

28 

32 

64 

19.111 

86 

40 

64 

72 

24.635 

86 

48 

44 

32 


For leads up to 24.635 inches. 
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431 


Gearing for Cutting Worm and Helical Gears.— Continuec 
Leads from 24.750 to 80.625 Inches 
Lead _ Driven _ Second X Worm 
10 Drivers First X Screw 


Lead of Spiral in 

Inches 

Gear on Worm 
(Driven) 

First Intermediate 

Gear (Driver) 

Second Intermediate 
Gear (Driven) 

Gear for Screw 
(Dri ver) 

Lead of Spiral in 

Inches 

GeaiT on Worm 
(Driven) 

First Intermediate 

Gear (Driver) 

Second Intermediate 
Gear (Driven) 

Gear for Screw 
(Driver) 

Lead of Spiral in 

Inches 

Gear on Worm 
(Driven) 

First Intermediate 

Gear (Driver) 

Second Intermediate , 
Gear (Driven) 

Gear for Screw 
(Driver) 

24 750 

72 

40 

44 

32 

30.857^ 

72 

28 

48 

40 

40 952 

86 

28 

64 

48 

25 083 

86 

48 

56 

40 

31.Ill 

64 

24 i 

56 

48 

41.143 

72 

28 

64 

40 

25 130 

86 

56 

72 

44 

31 273 

86 

44 i 

64 

40 

41,806 

86 

24 

S6 

48 

25.455 

64 

44 1 

56 

32 

31.354 

86 

48 ; 

56 

32 

42 232 

86 

28 

44 

32 

25-595 

86 

28 

40 

48 

31 .500 

72 

40 

56 

32 

43 000 

86 

40 

64 

32 

25.714 

72 

56 

64 

32 

31.852 

86 

24 

64 

72 

43 636 

72 

24 

64 

44 

26.061 

86 

48 

64 

44 

32 000 

64 

28 

S6 

40 

43.977 

86 

44 

72 

32 

26.182 

72 

44 

64 

40 

32.250 

86 

48 

72 

40 

44.675 

86 

28 

64 

44 

26.250 

72 

48 

S6 

32 

32.576 

86 

24 

40 

44 

45 000 

72 

28 

56 

32 

26.327 

86 

28 

48 

56 

32.727 

72 

44 

64 

32 

45.606 

86 

24 

S6 

44 

26^667 

64 

28 

56 

48 

32 847 

86 

24 

44 

48 

46.071 

86 

28 

72 

48 

26.875 

86 

28 

56 

64 

33-507 

86 

28 

48 

44 

47.778 

86 

24 

64 

48 

27.000 

72 

40 

48 

32 

33.786 

86 

28 

44 

40 

48.000 

72 

24 

64 

40 

27.302 

86 

28 

64 

72 

33.939 

64 

24 

56 

44 

48.375 

86 

40 

72 

32 

27.364 

86 

44 

S6 

40 

34.205 

86 

44 

56 

32 

49.143 

86 

28 

64 

40 

27.500 

72 

24 

44 

48 

34.286 

72 

28 

64 

48 

50.167 

86 

24 

56 

40 

27.643 

86 

56 

72 

40 

34 .554 

86 

56 

72 

32 

50.260 

86 

28 

72 

44 

27.922 

86 

28 

40 

44 

35.000 

72 

24 

56 

48 

51.429 

72 

28 

64 

32 

28.000 

64 

40 

56 

32 

35.102 

86 

28 

64 

56 

52.121 

86 

24 

64 

44 

28.052 

72 

28 

48 

44 

35.182 

86 

44 

72 

40 

53.750 

86 

28 

56 

32 

28.15s 

86 

28 

44 

48 

35.833 

86 

48 

64 

32 

55.286 

86 

28 

72 

40 

28.636 1 

72 

44 

S6 

32 

36.000 

72 

40 

64 

32 

57.333 

86 

24 

64 

40 

28.667 

86 

48 

64 

40 

36.857 

86 

28 

48 

40 

58 636 

86 

24 

72 

44 

29.091 

64 

28 

56 

44 

37.403 

72 

28 

64 

44 

60.000 

72 

24 

64 

32 

29.318 

86 

48 

72 

44 

37.625 

86 

40 

56 

32 

61.429 

86 

28 

64 

32 

29.388 

72 

28 

64 

56 

38.182 

72 

24 

56 

44 

62.708 

86 

24 

56 

32 

29.563 

86 

40 

44 

32 

39.091 

86 

44 

64 

32 

64.500 

86 

24 

72 

40 

29.861 

86 

24 

40 

48 

39.417 

86 

24 

44 

40 

69.107 

86 

28 

72 

32 

30.000 

72 

48 

64 

32 

39.490 

86 

28 

72 

S6 

71.667 

86 

24 

64 

32 

30 234 

86 

64 

72 

32 

40.000 

72 

24 

64 

48 

80.625 

86 

24 

72 

32 

30.714 

86 

56 

64 

32 

40.313 

86 

48 

72 

32 







For leads up to 80.625 inches. 

Brown and Sharpe f)iviDiNG Head—Table of Gears and Index Plates 

Gears: 24 (2) 28, 32, 40, 44, 48, S6, 64, 72, 86, 100 teeth. 

Index plates: Number of holes in circles: 

No. i: IS, 16, 17, 18, 19, 20 holes. 
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PLAIN AND DIFFERENTIAL INDEXING ON BROWN 
AND SHARPE MILLING MACHINES 

The general arrangement of the universal dividing head is illus¬ 
trated in Figs. 23 to 25. As indicated by the diagrammatic sketch, 
Fig. 24, the worm wheel A is secured to the main spindle of the 
spiral head and rotated by means of the worm shaft and single- 
threaded worm B. The index plate (having rows of equally spaced 
holes) remains stationary during the dividing operation and is 
fitted with adjustable sector arms \vhich obviate the necessity of 
counting the number of holes through which the index crank 
must be moved each time a division is made on the surface of 



Fig. 23. —Brown and Sharpe Dividing Head Arranged for 
Differential Indexing 


the work. The standard ratio between the worm B and the worm 
wheel A is 1:40; and to find the movement of the index crank 
or any required division, the following formula is employed: The 

movement of the index crank = where A is the number of equal 

A 

divisions required. 

Example. —Let it be required to divide the circumference of a 
piece of work into 48 equal parts. 

The movement of the index crank for each division = — = t 

48 6 

revolutions. 

An index plate having a row of 18 holes would be chosen and the 
sector arms set to limit the movement of the index crank to 15 

spaces for | ~ 
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Plain or simple indexing is obtained directly by using the index 
plate and does not make use of the gearing shown in Fig. 23. 



General Principle of Differential Indexing 

The number of equal divisions which may be obtained by simple 
indexing (with the index plates usually provided by milling-machine 
makers) is strictly limited, and docs not meet all the requirements 
called for in practice. 

Differential indexing provides the most convenient way of over¬ 
coming this difficulty, this method being simpler than compound 
indexing. In the differential system the dividing operation is per¬ 
formed as in simple indexing, the only difference being that the 
index plate instead of remaining stationary during the process of 
indexing, is made to move relatively to the index crank. The index 
plate is connected to the main spindle of the index head by a set of 
change gears, which may be arranged to give either a positive or 
negative movement to the index plate; whichever is found necessary 
to determine the actual motion which must be given to the index 
crank in order to satisfy the formula given above for simple index¬ 
ing: Actual movement of the index crank = 

The two views in Fig. 14 and the diagram in Fig. 16 will serve to 
give an idea of the arrangement of the gearing, which is adopted in 
differential indexing. 

For any movement of the index crank the motion is transmitted 
to the index plate (which is free to rotate on the worm shaft) as 
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follows: The index crank drives through the worm shaft and worm 
B to the worm wheeM, which in turn transmits the motion through 
the change gears, spiral gears, and equal gears, the last of which is 
connected directly to the index plate. The last pair of gears being 
equal and driven through equal spiral gears, whatever number of 
revolutions are given to the gear £, the index plate will make the 
same number. It is therefore convenient to consider the revolutions 
of the gear E as the revolutions of the index plate in all calculations. 

To illustrate the influence of the gearing on the index plate and 
indexing operation, consider the following example: Required to 
index for 107 divisions: 

If we use the plate having 20 holes and move 8 holes per division, 
as in simple indexing for 100 divisions, 100 moves will of course be 
required to rotate the worm 40 turns, which in turn rotates the 
spindle once. If now we make 107 moves with the index plate fixed 

g 

as in simple indexing, we will obtain 107 ~ revolutions of 

the worm, which is 2.8 in excess of what is required. Therefore, the 
index plate must be geared so that it will move back 2.8 turns while 
the spindle is revolving once; that is, the ratio of the gearing must 
be 2.8:1. 


2 20 

Then = 56 X 

I 40 32 

spindle and first gear on stud and 40 and 32 for the worm and second 
gear on stud, as shown in Fig. 23. As compound gears are used, 
but one idler is required to cause the index plate to move in a direc¬ 
tion opposite to that of the crank. For this purpose an idler having 
24 teeth is employed. 

Formula for Finding the Gear Ratio 

A simple formula for the determination of the gear ratio necessary 
to rotate the index plate as required for any given number of teeth 
is derived as follows: 

Let N equal the number of divisions required to be indexed. 

Let n equal some number either greater or smaller than A, which 
can be obtained directly by simple indexing. 

Let — equal the index setting, that is, the setting of the sector 

ft 

arms for each movement of the index crank; 

Then {n — N) X~ equals the gear ratio. 

ft 

If the number chosen for n is greater than the number of divisions 
required (N) the index plate must be geared to have a positive 
motion, that is, to rotate in the same direction as the index crank. 



^ i X — = — 

40 I 32 32 

and the gears will be 64 and 56 for the 
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If the number n is less than the index plate is geared to have a 
negative motion, that is, to rotate in opposite direction to the crank. 


Application of the Formula 

Suppose we wish to obtain 63 divisions. Choose any number for 
n which may be obtained by simple indexing, say 60, then 


(n - N) = (60 - 63) = - 3 


This number ( — 3), when multiplied by the value of the index set¬ 
ting, will give the gear ratio. The index setting = —>=—» then 

n 00 

(n — N)— - —3X7^= —- or as the gear ratio. 

n 60 3p I 

We can, therefore, use gears of 48 and 24 teeth, the 48 gear being 
the driver, and the 24 gear, the follower; that is, the 48 gear being on 
the spindle, and the 24 gear on the worm. As n is smaller than iV, 
the idlers are arranged to give a negative movement to the index 
plate. 


The index setting is found above as ~ which equals — or -• We 
® n 60 3 

can thus use the 39-hole circle in the index plate and set the sector 

26 2 

for 26 holes, giving the setting as — or that is, we set the sector 


and index pin exactly the same as for simple indexing of 60 divisions. 

The tables on the following pages give the dividing-head gears for 
indexing all numbers up to 730. 
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Number of Diviaona 

Index Circle 

No. of Turns of 

Index 

Gear on Worm 

No. 1 

Hole 

Gear on Spindle 

Idlers 

First Gear on 
Stud 

Second Gear 
on Stud 

No. I Hole 

V 

0 

a 

166 

20 

A 

32 



48 

24 

44 

167 

20 

A 

32 



56 

24 

44 

168 

21 

A 







169 

20 


32 



72 

24 

44 

170 

17 

fV 







171 

21 


56 



40 

24 

44 

172 

43 

it 







173 

18 

A 

72 

56 

32 

64 



174 

18 

A 

24 



32 

56 


17s 

18 

A 

72 

40 

32 

64 



176 

18 

A 

72 

24 

24 

64 



177 

18 


72 



48 

24 


178 

18 

A 

72 



32 

44 


179 

18 

A 

72 

24 

48 

32 



180 

18 

iV 







181 

18 

tV 

72 

24 

48 

32 


24 

182 

18 


72 



32 

24 

44 

183 

18 

A 

48 



32 

24 

44 

184 

^3 

A 







185 

37 

:fV 







186 

18 

A 

48 



64 

24 

44 

187 

18 

A 

72 

48 

24 

5 ^ 


24 

188 

47 

i“r 







189 

18 

A 

32 



64 

24 

44 

190 

19 

A 







191 

20 

2V 

40 



72 

24 


192 

20 

2% 

40 



64 

44 


193 

20 

2V 

40 



56 

1 44 


194 

20 


40 



48 

44 


195 

39 

A 







196 

49 

l« 







197 

20 

A 

40 



24 

56 


198 

20 


56 

28 

40 

32 



199 

20 

2^ 

100 

40 

64 

32 



200 

20 








201 

20 


72 

24 

40 

24 


24 

202 

20 

A 

72 

24 

40 

48 


24 

203 

20 

2V 

40 



24 

24 

44 

204 

20 

A 

40 



32 

24 

44 

205 

41 

A 







206 

20 

A 

40 


i 

48 

24 

44 



Number of Divisions 
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». 2 Hole 
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1 




No. I 

Hole 


Idlers 

■> 

s 

*0 

a 

*0 

w 

a 

s 

g 

G 

0 

rt 

Gear 

d 

Spindle 

jO) 

*0 

0 

'o 

z 

a 

0 

K 

(U 

•c 

0. of T 
[ndex 

d 

0 

u 

ctf 

rst G( 
Stud 

3 

1 " 

§§ 

G 

0 

s 

W 

6 

cs 

CD 

12 : 

a 


0 

(iH 

c /3 

0 



248 

31 

A 







249 

18 


32 



48 

24 

44 

250 

18 

A 

24 



40 

24 

44 

251 

18 

A 

48 

44 

32 

64 


24 

252 

18 

A 

24 



48 

24 

44 

253 

33 

A 

24 



40 

56 


254 

18 

A 

24 



56 

24 

44 

255 

18 

A 

48 

40 

24 

72 


24 

256 

18 

A 

24 



64 

24 

44 

257 

49 

A 

56 

48 

28 

64 


24 

258 

43 

A 

32 



64 

24 

44 

259 

21 

A 

24 



72 

44 


260 

39 

A 







261 

29 

A 

48 

64 

24 

72 



262 

20 

A 

40 



28 

44 


263 

49 

A 

56 

64 

28 

72 


24 

264 

33 

A 







265 

21 

A 

56 

40 

24 

72 



266 

21 

A 

32 



64 

44 


267 

27 

A 

72 



32 

44 


268 

21 

rr 

28 



48 

44 


269 

20 

A 

64 

32 

40 

28 


24 

270 

27 

A 







271 

21 

A 

56 



72 

24 



21 

A 

56 



64 

24 



21 

A 

24 



24 

56 



21 

A 

56 



48 

44 



21 

A 

56 



40 

44 



21 

2^r 

56 



32 

44 


277 

21 

A 

56 



24 

44 


278 

21 

A 

56 

32 

48 

24 



279 

27 

A 

24 



32 

24 

44 

280 

49 

A 







281 

21 

A 

72 

24 

56 

24 


24 

282 

43 

A 

86 

24 

24 

56 



283 

21 

A 

56 



24 

24 

44 

284 

21 

A 

56 



32 

24 

44 

285 

21 

A 

56 



40 

24 

44 

286 

21 

* 

56 



48 

24 

44 

287 

21 

A 

24 



24 

24 

44 

288 

21 

A 

28 



32 

24 

44 














i Niimber of Diviaons 
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Number of Divisions 

Index Circle 

No. of Turns of 

Index 

Gear on Worm 

No. I Hole 

Gear on Spindle 

Idlers 

First Gear on 
Stud 

Second Gear 
on Stud 

No. I Hole 

No. 2 Hole 

330 

33 








331 

16 


64 

44 

24 

48 


24 

332 

16 

A 

32 



48 

24 

44 

333 

18 

A 

24 



72 

44 


334 

16 

A 

32 



56 

24 

44 

335 

33 

A 

72 

48 

44 

40 


24 

336 

16 

A 

32 



64 

24 

44 

337 

43 


86 

40 

32 

56 



33 » 

16 


32 



72 

24 

44 

339 

18 

A 

24 


i 

56 

44 


340 

17 

A 



j 




341 

43 

A 

86 

24 

32 

40 



342 

18 

A 

32 



64 

44 


343 

15 

A 

40 

64 

24 

86 


24 

344 

43 

A 







345 

18 

A 

24 



40 

56 


346 

i8 

A 

72 

56 

32 

64 



347 

43 

A 

86 

24 

32 

40 


24 

348 

18 

A 

24 



32 

56 


349 

18 

A 

72 

44 

24 

48 



350 

18 

A 

72 

40 

32 

64 



351 

18 

A 

24 



24 

56 


352 

18 

A 

72 

24 

24 

64 



353 

18 

A 

72 



56 

24 


3 S 4 

18 

A 

72 



48 

24 


3 SS 

18 

A 

72 



40 

24 


3 S 6 

18 

A 

72 



32 

24 


357 

18 

A 

72 



24 

44 


358 

18 

A 

72 

32 

48 

24 



359 

43 

A 

86 

48 

32 

100 


24 

360 

18 

A 







361 

19 

A 

32 



64 

44 


362 

18 

A 

72 

28 

56 

32 


24 

363 

18 

A 

72 



24 

24 

44 

364 

18 

A 

72 



32 

24 

44 

365 

20 

A 

32 

48 

24 

56 



366 

18 

A 

48 



32 

24 

44 

367 

18 

A 

72 



56 

24 

24 

368 

18 

A 

72 

24 

24 

64 


24 

369 

41 

A 

32 

56 

28 

64 



370 

37 

A 
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Number of Divisions 

Index Circle 

No. of Turns of 

Index 

Gear on Worm 

No. ] 

: Hole 

Gear on Spindle 

Idlers 

First Gear on 
Stud 

Second Gear on 
Stud 

No. 1 Hole 

No. 2 Hole 

371 

21 


32 

56 

24 

64 



372 

18 

A 

48 1 



64 

24 

44 

373 

20 

A 

40 

48 

32 

72 



374 

18 

t\ 

72 

64 

32 

56 

1 

24 

375 

18 

A 

24 



40 

24 

44 

376 

47 1 








377 

29 

A 

24 



24 

56 


378 

18 

A 

32 



64 

24 

44 

379 

20 


48 

56 

40 

*72 



380 

19 

A 





1 


381 

18 

A 

24 



56 

24 

44 

382 

20 

- i(s 

40 



72 

24 


383 

20 


40 



68 1 

44 


384 

20 

A 

40 



64 

44 


38s 

20 


32 



48 

44 


386 

20 


40 



S6 

44 


387 

43 

A 

32 

56 

28 

64 



388 

20 

A 

40 



48 

44 


389 

20 


40 



44 

56 


390 

39 

A 







391 

20 


48 

24 

40 

72 



392 

49 








393 

20 

A 

40 



28 

44 


394 

20 


40 



24 

56 


395 

20 


64 



32 

44 


396 

20 

TsV 

56 

28 

40 

32 



397 

20 

A 

64 

24 

40 

32 



398 

20 

1 ^ 

100 

40 

64 

32 



399 

21 


32 



64 

44 


400 

20 








401 

21 

A 

i 56 

32 

24 

76 ^ 



402 

21 

/r 

: 28 



48 

44 


403 

20 


64 

24 

40 

32 


24 

404 

20 


72 

24 

40 

48 


24 

405 

20 


64 



32 

24 

44 

406 

20 

A 

40 




24 

44 

407 

20 


40 



28 

24 

44 

408 

20 

A 

40 



32 

24 

44 

409 

20 

1 A 

40 


32 

48 


24 

410 

41 

1 A 


1 24 






Note. Special gears in this and following tables are 46, 47, 
S3, 58, 68, 70, 76, 84, 1 Special gear. 
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i: i: No-aHoi* 
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' 1 




No. I 

Hole 

1 

Idlers 

Q 


! 

i 

§ 

1 




*o 

1 

1 

u 

X 

V 

>. of Tun 
'ndez 

§ 

rst Gear 
Stud 

cond C 
m Stud 

a 

m 

% 

s 

No. I Hole 

a 

M 



5 ^ 

5 



& 


451 

33 

a 

24 



24 

24 

44 

452 

33 

A 

44 



48 

24 

40 

453 

33 

A 

44 



52' 

24 

40 

454 ; 

49 

A 

56 

64 

28 

72 



455 ! 

49 


28 : 

40 

32 

64 



456 

21 

■A 

5 <^ 

64 

24 

72 


24 

457 

33 

A 

44 


1 

1 

681 

24 

40 

458 

33 


44 



72 

24 

24 

459 

27 


24 

48 

24 

72 



460 

23 

A 







461 

33 

A 

44 

28 

24 

72 


24 

462 

33 

A 

32 



64 

24 

1 44 

463 

21 


56 

64 

24 

86 


24 

464 

33 

A 

44 

48 

28 

56 


24 

465 

33 

A 

44 

24 

24 

100 


24 

466 

49 

tV 

56 

48 

28 

64 



467 

33 

A 

44 

48 

32 

72 


24 

468 

39 

A 

28 

48 

24 

56 



469 

49 

fV 

28 



48 

44 


470 

47 

A 







471 

49 

A 

56 

32 

28 

761 


1 

472 

49 

A 

56 

32 

28 

72 


1 

473 

33 

A 

48 

64 

32 

72 


24 

474 

49 


56 

32 

28 

64 



475 

49 

A 

56 

40 

28 

48 



476 

49 

A 

56 



64 

24 


477 

27 

A 

24 

48 

24 

56 



478 

49 


56 

24 

28 

64 



479 

49 

A 

56 

32 

28 

44 



480 

49 

A 

5^ 

3 - 

28 

40 



481 

37 

A 

24 



24 

56 


482 

33 

A 

44 

56 

24 

72 


24 

483 

49 

A 

56 



32 

44 


484 

49 

tV 

56 

24 

28 

32 



485 

23 

A 

461 

24 

24 

100 

i 

24 

486 

27 

A 

32 

56 

28 

64 



^87 

39 

A 

24 

72 

52^ 

44 



488 

33 

A 

44 

64 

24 

72 


24 

489 

23 

A 

46 1 

58^ 

32 

64 


24 

490 

49 

A 








1 Special gear. 
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Number of Divisions 

Index Circle 

No. of Turns of 

Index 

Gear on Worm 

No. I 

Hole 

Gear on Spindle 

Idlers 

First Gear on 
Stud 

Second Gear 
on Stud 

1 

H 

No. 2 Hole 

491 

33 


44 

681 

24 

72 


24 

492 

41 

* 

28 

48 

24 

56 



493 

29 

A 

32 

64 

24 

72 



494 

39 


32 



64 

44 


495 

27 


32 

40 

24 

64 



496 

49 


56 

24 

28 

32 


24 

497 

49 

‘A 

56 



32 

24 

44 

498 

27 


48 

56 

24 

64 



499 

49 


56 

24 

28 

48 


24 

500 

49 

A 

56 

32 

28 

40 


24 

501 

49 

tV 

56 

32 

28 

44 


24 

502 

49 

A 

56 

32 

28 

48 


24 

503 

23 

A 

46 1 

64 

32 

86 


24 

504 

49 


56 



64 

24 

24 

505 

49 


56 

40 

28 

48 


24 

506 

49 


56 

32 

28 

64 


24 

S07 

39 

A 

24 



24 

56 


508 

49 


56 

32 

28 

72 


24 

509 

49 


56 

32 

28 

76 1 


24 

5to 

49 

A- 

56 

40 

28 

64 


24 

Sii 

49 


28 



48 

24 

44 

512 

49 

A 

S 6 

44 

28 

64 


24 

S13 

27 

-ii 

32 



64 

44 


514 

49 


S 6 

48 

28 

64 


24 

51S 

27 

■h 

72 

32 

24 

100 



516 

43 


32 

56 

28 

64 



S17 

49 

A 

56 

48 

28 

72 


24 

518 

49 


28 



1 64 

24 

44 

519 

27 

•jft’ 

72 

56 

32 

64 



520 

39 

A 


1 





521 

27 

A’ 

72 

1 76^ 

48 

64 



522 

29 

A 

48 

64 

24 

72 



523 

27 

3^7 

72 

681 

48 

64 



524 

27 

A 

72 

32 

24 

64 



52s 

27 

-h 

72 

40 

32 

64 



526 

49 


s<> 

64 

28 

72 


24 

527 

31 

* 

32 

64 

24 

72 



528 

27 

A 

72 

24 

24 

64 



529 

27 

* 

72 

44 

48 

64 



530 

IS 

tV 

24 

56 

32 

64 




‘Special gear, 




Special gear. 
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Number of Divisioos 

Index Circle 

No. of Turns of 

Index 

Gear on Worm 

No. I 

Hole 

Gear on Spindle 

Idlers 

First Gear on 
Stud 

Second Gear 
Stud 

No. I Hole 

No. 2 Hole 

571 

43 


86 

28 

64 

32 



572 

IS 


40 

28 

24 

64 



573 

IS 

A 

40 



72 

24 


574 

41 

A 

32 



64 

24 

44 

575 

IS 


24 



40 

44 


576 

15 


40 



64 

24 : 


577 

43 


86 

32 

64 

44 


24 

578 

IS 

tV 

48 

44 

40 

64 



579 

IS 

iV 

40 



56 

44 


580 

29 

A 







S8i 

IS 

* 

48 

32 

40 

76' 



582 

IS 

A 

40 



48 

44 


583 

27 

A 

72 

64 

24 

86 


24 

584 

IS 

A 

48 

32 

40 

64 



S85 

15 

^5 

24 



24 

56 


586 

IS 

A 

72 

48 

40 

56 



587 

29 

A 

S8‘ 



28 

24 

44 

588 

IS 

A 

40 



32 

44 


589 

15 

tV 

72 

44 

40 

48 



590 

15 

A 

48 



32 

44 


591 

IS 

* 

40 



24 

44 


S 92 

16 

A 

24 



72 

44 


593 

15 

A 

72 

28 

40 

48 



594 

33 

A 

32 

56 

28 

64 



S 9 S 

15 

A 

72 



24 

44 


396 

15 

tV 

72 

24 

40 

32 



S 97 

33 

A 

44 

56 

24 

72 



598 

16 

A 

64 

56 

24 

72 



S 99 

43 

A 

86 

44 

24 

84 


24 

600 

15 

A 







601 

29 

A 

S8' 

56 

48 

72 


24 

602 

43 

A 

32 



64 

24 

44 

603 

15 

A 

72 

24 

40 

24 


24 

604 

16 

A 

32 



72 

24 


60s 

IS 

A 

72 



24 

24 

44 

606 

IS 

A 

72 

24 

40 

48 


24 

607 

15 

A 

72 

28 

40 

48 


24 

608 

16 

A 

32 



64 

44 


609 

15 

A 

40 



24 

24 

44 

610 

IS 

A 

48 



32 

24 

44 


^ Gear Special. 





DIFFERENTIAL INDEXING 


451 



^ Special gear. 
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Number of Divisions 

Index Circle 

No. of Turns of 

Index 

Gear on Worm 

No. 1 Hole 

Gear on Spindle 

No. 2 Hole 

First Gear on 
Stud 

Second Gear 
on Stud 

No. I Hole 

No. 2 Hole 

651 

16 

tV 

64 



44 

24 

24 

652 

16 


32 



24 

24 

44 

653 

33 

A 

72 

28 

44 

48 



6 S 4 

16 


64 



56 

24 

44 

655 

16 

1*3 

64 

40 

32 

48 


24 

656 

16 

tV 

24 



24 

24 

44 

657 

18 

A 

32 

48 

24 

S6 



658 

16 

tV 

64 

24 

24 j 

72 


24 

659 

16 

A 

64 

24 

24 

76 I 


24 

660 

33 

tV 







661 

16 


64 

56 

48 

72 


24 

662 

16 


64 

44 

24 

48 


24 

663 

17 

* 

24 



24 

56 


664 

16 

Ik 

32 



48 

24 

44 

665 1 

49 


5 ^ 



40 

24 

1 44 

666 

18 


24 



72 

44 


667 

16 


64 

48 

32 

72 


1 24 

668 

16 

A 

32 



S6 

24 

1 44 

669 

33 

A 

44 



24 

24 

j 24 

670 

33 


72 

48 

44 

40 


24 

671 

33 

S 

72 



48 

24 

24 

672 

18 

A 

24 



64 

44 


673 

16 

A 

48 

44 

32 

72 


24 

674 

33 

A 

72 

S6 

44 

48 


24 

67s 

33 

A 

44 



40 

24 

24 

676 

16 

A 

32 



72 

24 

44 

677 

18 

A 

48 

32 

24 

86 



678 

18 

A 

24 



56 

44 


679 

49 

A 

28 



44 

24 

40 

680 

17 

A 







681 

33 

A 

44 



56 

24 

24 

682 

33 

A 

48 



64 

24 

24 

683 

16 

A 

32 



86 

24 

44 

684 

18 

A 

32 



64 

44 


685 

18 

A 

24 

S6 

48 

40 



686 

IS 

A 

40 

64 

24 

86 


24 

687 

18 

A 

24 



44 

48 


688 

16 

A 

24 



72 

24 

44 

689 

39 

A 

24 

48 

24 

S6 



690 

18 

A 

24 



40 

56 



‘ Special gear. 
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Number of Divisions 

Index Circle 

No. of Turns of 

Index 

Gear on Worm 

No. I 

Hole 

Gear on Spindle 

Idlers 

First Gear on 
Stud 

Second Gear 
on Stud 

No. I Hole 

1 

« 

691 1 

18 

A 

48 

32 

24 

58‘ 



692 

18 

tV 

72 

56 

32 

64 



693 

18 

tV 

32 



48 

44 


694 

17 


68 ‘ 



56 

24 

44 

69s 

18 

A 

72 

H 

24 

100 



696 

18 

tV 

24 



32 

56 


697 

17 

tV 

24 



24 

24 

44 

698 

18 

iV 

72 

44 1 

24 

48 



699 

18 


48 



56 

44 


700 

18 

tV 

72 

40 j 

32 

64 



701 

17 

tV 

681 

48 i 

32 

S6 


24 

702 

18 

* 

24 



24 

S6 


703 

19 


24 



72 

44 


704 

18 

tV 

72 

24 

24 

64 



705 

18 

tV 

48 



40 

44 


706 

18 

iV 

72 



56 

24 


707 

18 

iV 

72 



52^ 

24 


708 

18 

iV 

72 



48 

24 


709 

18 


72 



44 

24 


710 

18 

* 

72 



40 

24 


711 

18 


64 



32 

44 


712 

18 

* 

72 



32 

24 


713 

18 

iV 

72 



28 

44 


714 

18 

tV 

72 



24 

44 


71S 

18 

tV 

72 

32 

64 

40 



716 

18 

tV 

72 

28 

56 

32 



717 

18 

tV 

72 

24 

64 

32 



718 

33 

A 

44 

58^ 

24 

64 


24 

719 

17 

* 

681 

52^ 

24 

72 


24 

720 

18 








721 

21 


24 

64 

32 

681 



722 

19 


32 



64 

44 


723 

18 

tV 

72 

24 

64 

32 


24 

724 

18 

tV 

72 

28 

5^ 

32 


24 

725 

18 

A 

72 

24 

48 

40 


24 

726 

18 

A 

72 

1 


24 

24 

44 

727 

18 

A 

72 



28 

24 

44 

728 

18 

A 

72 



32 

24 

44 

729 

18 

A 

64 



32 

24 

44 

730 

20 

A 

3 ^ 

48 

24 

56 




* Special gear. 




Table for Indexing Angles—Index Plates (see explanation on page 4536) 
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INDEXING ANGLES 


453^ 
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454 MILLING-MACHINE FEEDS AND SPEEDS 


WIDE-RANGE DIVIDER 

A wide-range divider is made by the Cincinnati Milling Machine 
Company for use with their dividing heads for rapidly selecting 
divisions from 2 to 400,000 and any angle in degrees, minutes, and 
seconds. This is built into the dividing head, as in Fig. 26. It 
has a large and a small index plate, each with a sector and crank. 
The small crank operates a 100:1 ratio while the other is the con¬ 
ventional 40:1 ratio. By using the large crank, the usual divisions 
are obtained. For other divisions, the wide-range divider is used. 
Figure 26 shows the large reversible index plate with eleven circles 
of holes at A with sector for spacing; swivel crank B (which can be 
set from position shown to any circle to dotted position); small index 
plate C and sector O for spacing; crank D for small plate, which has 
two circles of holes, namely, 100 and 54. 



Fig. 26. —Cincinnati Wide-Range Dividing Head. 


How to Use the Wide Range Divider. —Any whole number of 
divisions, up to and including 60, and hundreds of others, can be 
obtained with the large plate only, and many of the settings may be 
read directly from the table, pages 453a and 453ft. If the number 
of divisions required is not listed in the table, calculate the setting 
in the following manner: 

Setup: 

1. Divide 400,000 by the number of divisions desired, for exam¬ 
ple, 67. The result gives you a whole number quotient and a 
fraction, 5970^^ 

2. Set the sector on large index plate A for 59 spaces on the 
loo-hole circle, 59 being the first two whole numbers of the quotient 
obtained. 

3. Set the sector on the small index plate C for 70 spaces on the 
loo-hole circle, 70 being the last two whole numbers of the quotient 
obtained. 


WIDE-RANGE DIVIDER 


454^^ 


Should the quotient be a five-digit number, the first number 
represents the number of full turns of crank B. (No five-digit 
quotient appears when making divisions higher than 40, and 
furthermore, calculations are unnecessary for any number less 
than 61.) 

Operation: 

4. Index crank B an amount equal to the sector setting, namely, 
59 spaces (see Fig. 26). 

5. Then index crank D an amount equal to the sector setting, 
namely, 70 spaces. (Both cranks are moved in the same direction.) 

6. Compensate for fraction Jy by adding one space to the index 
movement of the small crank D at intervals equal to the nearest 
whole number obtained by dividing i by Jf. The result of this 
division is 7. Therefore, every seventh division, index 71 spaces 
on the small plate C instead of 70. In this way you pick up the 
fractional remainder, and the maximum error is only equal to 
0.0000942 inch on a 12-inch diameter circle (the movement of one 
space in the loo-hole circle on the small plate). 

Angular Spaced Divisions. —If the divisions are spaced in degrees, 
minutes, and seconds, the procedure in calculating the setting is 
very similar to that outlined above, except that for sake of con¬ 
venience, use the 54-hole circle on both plates. Complete tables 
are listed in Tables 9a and gh. 

Using crank B on the large plate (Fig. 26): 

1. One complete turn is equivalent to 9 degrees. 

2. Six spaces in the 54-hole circle equals i degree. 

3. One space in the 54-hole circle equals 10 minutes. 

Using crank D on the small plate; 

1. One complete turn of crank D equals 5 minutes and 24 seconds. 

2. Ten spaces in 54-hole circle equals i minute. 

3. One space in 54-hole circle equals 6 seconds. 

Example. —Indexing an angle of 3 degrees, 20 minutes, 12 
seconds. 

Setup; 

1. Consult the Degree table on page 4546, and set the sector on 
index plate A (Fig. 26) for 18 spaces on the 54-hole circle. 

2. Consult the Fractions of a Degree table on page 454^, and set 
sector G on plate C for 40 spaces on the 54-hole circle. 

Operation; 

1. Index large crank B (Fig. 26) an amount equal to the sector 
setting, namely, 18 spaces. 

2. Index small crank D three turns (see table) plus the sector 
setting, namely, 40 spaces. (Both cranks are moved in the same 
direction.) 

The index pin in the crank for the small plate is eccentric to 
provide a method of adjusting the pin from the loo-hole to the 
S4-hole circle, and vice versa. 



Table loa.—A ngular Divisions in Degrees 
Obtainable with Standard Dividing Head and Wide-Range Divider 
(Use 54-Hole Circle on Large Plate) 
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Note.—W hen index-.ng degrees and fractions of a degree, cranks B and D in above tables are both moved in the same direction. 
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THE USE OF DIVIDmG HEADS 

Every milling-machine operator, especially those engaged in 
tool room work, should familiarize himself with the details and 
possible uses of both the Cincinnati Wide Range Divider and the 
two dividing heads made by the Kearney & Trecker Corporation. 
These dividing heads and their uses are described in considerable 
detail because of their importance where special divisions, or leads, 
are necessary to secure the desired results in mechanisms of various 
kinds. 


/Degree plaie, one hole * one degree 
/fMinulesplafef one hote= one mlnule 
I ^ ^Seconds plotfe, one hole ^ one second 


Minuses . 
crank - 'J 



Seconds/ 

crank''^ 



Fig. 27,—Kearney and Trecker Dividing Head. 


It should be remembered that the makers of these dividing heads 
are ready at all times to assist users of the dividing heads in solving 
special problems which may arise from time to time. 

It will be noted on page 455 that the Kearney & Trecker Cor¬ 
poration keeps a master reference book which contains 40,000 leads 
and that this information is available to all users of their dividing 
heads at all times. 

The brief descriptions and instructions given here will, if care¬ 
fully studied, be sufficient to enable the milling-machine operator 
to handle almost any lead problem that may come up in the aver¬ 
age shop. 


OTHER DIVIDING HEADS 
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OTHER DIVIDING HEADS 

Kearney and Trecker supply either the conventional 40/1 ratio 
or a special hypoid head with a 5/1 ratio which gives 40,000 different 
leads from 0.0219 to 2.918.4 inches. All 40,000 leads are kept in 
a master book at the plant for reference but the instruction book 
contains 2,258 leads in an approximately geometric progression. 
It is also furnished for metric screws and gives change gears for 
thread milling. The hypoid head is shown in Figs. 27 and 28. 

Kearney and Trecker also make an astronomical attachment for 
their dividing head by which the circle is divided into 1,296,000 



Fig. 28. — Kearney and 
Trecker Hypoid Dividing Head. 


parts, or into seconds of arc. One second is equal to 0.000024 inch 
on the periphery of a lo-inch diameter circle, which is the maximum 
theoretical inaccuracy possible. In practice, however, it is not 
possible to obtain anywhere near this accuracy, but the heads are 
guaranteed to within one minute to arc. This attachment can be 
used with the dividing-head spindle set anywhere between 5 degrees 
below horizontal to 5 degrees beyond the vertical. It can also be 
used for milling helices. The formula and its application fllow: 

Indexing with the Astronomical Dividing Attachment 


Formula.— 

1,296,000 


S + R or (s + 1) - (N - R)*. 


60 


iV -f- y. 


* When R is more than iN it is preferable to add one one second to S, the 
Remainder than becoming negative and numerically equal to N ~ R, 
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^ = D 4- M'. 
oo 

D = number of holes on degree plate taken at each indexing. 
Af' = number of holes on minutes plate taken at each indexing. 
S' =* number of holes on seconds plate taken at each indexing. 
R = remainder or total compensation in seconds. 

N = number of divisions or indexings required. 

S = total seconds in each division. 

M == total minutes in each division. 


Example: 119 Divisions.— 

^< ^96,000 _ 10^8905 -f- goR or 10,8915’ — 2gR. 

= i8iM + 3 i5'. 

f = 3i>+xM'. 

The setting for 119 divisions is: 3 degrees i minute 31 seconds, 
— 29 compensation. 

The compensation is most accurately accomplished in the follow¬ 
ing manner: At the first indexing, R = “ttV) the second, 
^ = “iVd- + (-tV?) ot -tt®?; at the third, R = yVb-; at the 
fourth, R — — at the fifth, R = — IfS- Here R is greater 
than — I, so one hole is dropped on the seconds plate and R becomes 
- (+Hf) or -AV Normal indexing is resumed, and at 
the sixth division R = or — t%; at the seventh 

R = iW; at the eighth, R — at the ninth, R = Jff. Here 
again R is greater than —i, so one hole is dropped as at the fifth 
division. 

This procedure is carried on through the 119 divisions dropping 
holes at the fifth, ninth, thirteenth, seventeenth, twenty-first, 
twenty-fifth, etc., and R at the 119th division = — Hfj 
automatically is a check. Compensating in this manner results in 
the most accurate setting for each division or indexing. 


METAL-CUTTING SAWS 

Teeth for metal-cutting saws are made in different ways as 
shown in Fig. 29. Beveling circular saw teeth and offsetting band- 
and hack-saw teeth reduces friction. The feed that can be used 
depends on the hardness of the metal and the size of the piece. 
Hard, close-grained material requires more power and dulls saws, 
sooner than soft materials. Soft or stringy stock requires more 
clearance and hooked teeth. Saws should be kept sharp and should 
have no high teeth as these dull quickly and the other teeth do 
little work. Data from such well-known sawmakers as Atkins, 
Disston, and Simonds as shown in Tables ii and 12. 



Table ioc. —Cutting Racks on Cincinnati Milling Machines 
(Using the Table Feed Screw for Making Division) 
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right g/gfe- l-' [ both sides 

Simonds Toofh 
Fig. 29.—Metal Saw Teeth 

Table ii.—Number of Teeth in Saws Recommended for 
Various Materials (Atkins) 


Diameter 

Inches 


Thin Small Shapes 
Tubing Pipe 

Medium Sections, Thin 
Shapes Pipe Tubing 

Large Sections, Thin 
Shapes Tubing Pipe 

Small Sections, Thick 
Wall Pipe Tubing 

Thick Wall Pipe 
-- 

1 

A 

I 

A 

i 

324 

250 

276 

ISO 

168 

184 

200 

112 

138 

ISO 

162 

90 

100 

iro 

120 

130 

76 

84 

92 

100 



174 

140 





150 





160 











168 





184 

200 





218 










256 





268 

















’Cii ‘IS 

0) O U 


e-c -c s 


rt ^ 4i) 4 -> 0^ 4 ^ 

h S ^ ^ wco 

|«cS ss 


86 

76 

68 




94 

82 

72 

66 



100 

88 

78 

70 

S8 


108 

94 

84 

76 

62 

54 

114 

100 

90 

80 

68 

S8 

130 

112 

100 

90 

76 

64 

144 

124 

112 

100 

84 

72 

158 

138 

122 

XIO 

92 

80 

172 

ISO 

134 

120 

100 

86 

180 

162 

144 

130 

108 

94 

200 

176 

IS6 

140 

I18 

100 

214 

188 

168 

ISO 

124 

108 

230 

200 

178 

160 

134 

112 

244 

213 

190 

170 

14a 

122 

258 

226 

300 

z 8 o 

ISO 

130 

















Table 12.—Cutting Speeds for Cold Saw Cutting-off Machines 
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The experience of the Atkins company has led to adoption of the 
saw tooth shown in Fig. 3®* This allows a slower speed and coarser 
feed than finer teeth, and cuts stock more easily and quickly. 

Newton (Consolidated) Works recommend a high speed and light 
feed for steel low in carbon and manganese to keep the chip thin as 
possible. Up to 35-point carbon, use 60 to 65 feet per minute for 
solid blades; from 35- to 50-point carbon, 55 to 60 feet per minute 
and less feed. Above 50-point carbon, use inserted tooth saws. 
With inserted tooth ^ws speeds can be from 50 to 80 feet per 
minute on 50- to 70-point carbon, but only on heavy, rigid machines. 




Fig. 30. —Atkins Tooth 


For cutting sprues in steel foundries a solid-tooth saw with a 
speed of 55 feet per minute and a feed of } to | inch per minute is 
recommended. 

The work should be flooded at all times with any good cutting 
compound which does not rust. 

Hack Saws (Starret) 

Hack saws for use in hand frames vary from 6 to 12 inches in 
length and from 18 to 32 teeth per inch in most cases. They 
are usually or J inch wide and 0.025 inch thick. Saws for use 
in power machines are made from 10 to 24 inches long and with 
from 8 to 24 teeth per inch. They are from J to i inch wide 
and from 0.030 to 0.065 inch thick. Some have stiff backs, while 
others are made flexible. 

For general use in hand frames, makers recommend 18 teeth per 
inch. For tubing and thin metals, 24 to 32 teeth per inch.^ Saws 
for use in power machines vary in the same way and with the 
speed and size of the machine. 

Power-machine saws should run about 50 strokes per minute 
dry or from 65 to 100 strokes with compound. Too much weight 
dulls a new saw quickly. Use fine saws for pipes, tubes, thin 
metal, brass, copper, or very hard steel. 

Saw length usually means distance between holes. 



Hack-saw Blade Chart (St arret) 
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Regular gravity feed machine D = Heavy gravity or positive feed machine 










Hack- and Band-saw Blades for Various Materials (Atkins) 
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Table 13.—Cutting Speeds^ for High-Speed Saws 
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i to I if to 2 to 2 2 2 i 

itoii 2 to 3 3 to 4 5 8 

I to ij 2 to 3 3 to 4 5 8 

i§ to 2 2| to 34 3 to 4 10 to 20 12 to 24 
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Table 14.—Circular Saws for Cutting Brass, Copper, 
Aluminum, and Other Soft-Metal Sheets 
Simonds Saw and Steel Company's circular saws for cutting brass, 
copper, aluminum, and other soft metals in sheet form and for 
tubing and light cuts are made of carbon steel and ground concave 
on the sides for clearance and tempered to be sharpened with a file. 
These saws are also flat ground with teeth set and filed. 



Note. —Speeds for above saws are figured on a rim speed of 2,500 feet 
per minute. On extremely light work this speed can be slightly increased. 
On heavier cuts the speed should be reduced. 


Saws for Brass or Copper 

These are usually 10 inches or less in diameter and run from 200 
to 1,200 revolutions per minute, varying with the composition being 
cut. A fine stream of lard oil makes a good cutting compound for 
this type of saw, but when quick light cuts are being made, a cake 
of beeswax or soap pushed on to the saw occasionally, reduces 
friction while cutting and makes the part cut off much cleaner to 
handle. Some of these saws are hard and ground concave. Others 
are ground flat and are of a low-enough temper to permit being set 
and filed. 

Saws for Aluminum 

These have radial teeth set and filed. Saws for aluminum have 
the cutting edge of tool radial. They are soft enough to be set and 
filed. 

Saws for Celluloid 

These saws are about 12 inches in diameter, of thin gage, and 
have very fine pitch to center teeth. 

Saws for Electrotypes 

These saws come in sizes 5 to 10 inches in diameter; teeth are set 
and filed or swaged, or saws are concave ground. Teeth are made 
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about i inch space and pitched to the center. These saws are made 
for cutting both the electrotype metal and the wood mount. 

Saws for Hard Rubber 

These saws are concave ground and have a regular pitch to center, 
backed off metal saw tooth. About J inch pitch. 

Inserted-Tooth Metal Saws 

Inserted-tooth metal saws with high-speed steel teeth are adapted 
for use in shops where heavy material is to be cut. Thin stock can 
be cut by nesting or cutting two or more pieces at a time. Simonds 
Saw and Steel Company states that no matter what the size of the 
inserted-tooth metal saw, the rim speed should not exceed 40 feet 
per minute. They say in regard to the feed: 

“The amount of feed depends largely on the degree of hardness 
of the stock. The harder the stock the greater the strain on the 
saw and on the machine and the harder and finer the grain of the 
stock the more power it takes to drive the saw through it and 
the more quickly the saw will become dull. If the stock is very 
soft, tough, or stringy, the clearance must be perfect and a con¬ 
siderable amount of hook must be maintained and the chips broken 
up, or the material will cling to the face of the tooth and cause the 
saw to run hard or stick in the cut. 


Table 15.—Simonds No. 000 Inserted-Tooth Metal Saw 


Diam¬ 
eter, in 
Inches 

Thick¬ 
ness of 
Plate 
Inches 

Kerf ^ 
Inches 

No. of 
Teeth 

Diam¬ 
eter, in 
Inches 

Thick¬ 
ness of 
Plate 
Inches 

Kerf 

Inches 

No. of 
Teeth 

10 

A 

i 

32 

30 

1 

A 

94 

12 

A 

i 

44 

30 

A 


94 


A 

i 

52 

30 

i 

Hor A 

94 

16 

A 


60 

32 

i 

A 

100 

18 

A 

i 

60 

32 

A 

. i 

100 

20 

. 160 

A 

62 

32 

i 

H or A 

100 

20 

A 

t 

62 

34 

i 

A 

106 

20 

i 

A 

62 

34 

A 

i 

106 

20 

A 

1 

62 

34 

t 

Hor A 

106 

21 

. 160 

A 

66 

36 

i 

A 

114 

22 

. 160 

A 

70 

36 

A 

1 

114 

22 

A 

I 

70 

36 

1 

Hor A 

114 

22 

i 

A 

70 

37 

1 

A 

116 

22 

A 

f 

70 

38 

A 


120 

24 

. 160 

A 

76 

38 

1 

Hor A 

120 

24 

A 

t 

76 

40 

A 

. i 

126 

24 

i 

A 

76 

40 

1 

Hor A 

126 

24 

A 

i 

76 

42 

A 

* 

132 

26 

A 

1 

82 

42 

i 

Hor A 

132 

26 

i 

A 

82 

44 

A 

i 

138 

26 

A 

1 

82 

44 

i 

Hor A 

138 

26 

i 

H or A 

82 

46 

A 

K 

144 

28 

A 

i 

88 

46 

i 

H or A 

I/J 4 

28 

i 

A 

88 

48 

A 


ISO 

28 

A 

f 

88 

48 

1 

.. 

H or A 

ISO 

28 

r 

Hor A 

88 

SO 

A 


IS8 

29 

A 


92 

SO 

i 

Hor A 

IS8 



470 MILLING-MACHINE FEEDS AND SPEEDS 


We advise running a saw for the first cut of two or three inches 
after it has been sharpened or when it is put on new, at about one- 
half the feed to be maintained. This allows the burr thrown up 
in the sharpening to smooth off and lessens the liability of breakage 
which possibly might be caused by a tooth left a little high.” 

Discs for Cutting Metals 

Discs (circular plates without teeth) are used for cutting cold 
iron or steel. Henry Disston and Sons, Inc., says these discs are 
run at a high rate of speed, about 24,000 feet per minute rim 
motion, and cut by friction. In size they vary from 14 inches, 10 
gage, to 50 inches diameter 3 gage or inch thick. They are used 
in foundries, forge shops, and metalworking plants to cut such work 
as rails, beams, bar stock, etc. 

These friction discs, as they are called, eat their way through 
the metal by a process of fusing or melting the stock. The great 
speed at which they run creates intense heat which melts away the 
stock in front of the disc edge. Disston states that a disc was used 
in Sheffield running at 86,000 feet per minute rim speed for cutting 
6-inch armor plate. Owing to the creation of such a volume of 
heat, it was necessary to play a heavy stream of water on the disc 
continuously to prevent it from fusing with the stock that is being cut. 

For cutting hot iron and steel at high speed, solid-tooth circular 
saws (sometimes known as “hot” saws), are used. These range in 
size from 14 inches diameter 10 gage (or i inch thick) to 50 inches 
diameter 3 gage (or J J inch thick). The teeth vary from f to J inch 
spacing. Hot saws are run at slightly 
lower speeds than friction discs, about 
20,000 feet rim motion, according to 
Disston. 

Use of Band and Hack Saws 

The use of band saws for cutting metals 
and other materials used in machine build¬ 
ing and similar industries is increasing. As 
with other tools it is necessary to select the 
proper saw for the work to be done and to 
run it at the correct speed. The following 
table gives the latest suggestions of Henry 
Disston and Sons, Inc. This table gives 
the number of teeth per inch and the cut¬ 
ting speed in feet per minute. In every 
case the temper and set recommended by 
the maker should be followed for best results. As these designations 
are arbitrary, it is best to consult the maker concerning these points 
for the work to be done. See Fig. 31. 

The teeth are punched. Spring-tempered metal-cutting band 
saws are recommended for cutting the softer materials in thin gages, 
and they can be resharpened. 

The “set” of the teeth is important. Straight set, that is, S set, 
has one tooth set to the right and the next to the left as shown in 
Fig. 31. The raker set, that is, the R set, has one tooth straight 


i 

p 


1 [■ 


Fig. 31.—Three “Sets” 
in Saw Teeth 
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(the straight tooth is the raker tooth to act as a cleaner and a chip 
breaker), one tooth to the left, next tooth to the right. The group 
set G set has one set of waves to the right and the next set to the left 
to give the smallest possible tooth spacing. 

The gage of a saw depends upon the diameter of the wheel, 
because the diameter determines the radius of the bend the saw 
must make during each revolution. 


Size of Wheel, Inches 

Gage of Saw, Stubbs 

Widths, in Inches 

12 

25-0.020" 

1 to i 

15 

23) 

1 to i 

18 

23 >0.025" 

f to 1 

20 

23; 

itoi 

24 

21) 

Ho 1 to J 

30 

21 >0.032" 

i to 1 to J 

36 

21) 

Ho 1 to f 

36 

20-0.035" 

I 


There are two factors which determine the width of a metal¬ 
cutting band saw: 

1. The greater the feed, the wider and heavier must be the saw 
to stand it. It is impractical to give a table of widths and feeds 
because of the wide range of operating conditions and the long list of 
materials to be cut. 

2. The smaller the radius of the curvature to be cut, the narrower 
the saw must be. 


Width of Band 
Saw, in Inches 


Minimum Radius 
That Can Be Cut, in Inches 


i 

li 

2i 


h 

8 


Saws must be tensioned over the wheels and each machine has a 
tension adjustment. The following table gives the tension in 
pounds for the different width blades: 

Width of Blaue, Tension or Strain, 

IN Inches in Pounds 

55 
100 
160 
200 
240 

I 320 


I 


To obtain full cutting efficiency of a band saw blade, careful 
attention should be given to proper adjustment of the guide rolls as 
in Fig. 32. 
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Cutting compound is not usually considered necessary except for 
cold-rolled, machinery, nickel, and 
structural steels. This includes the 
use of band saws for cutting out dies 
in the toolroom and similar uses where 
they save time in many cases. 

Band Saws 

Band saws should be removed from 
the machine or have the tension 
released when not in use. This is 
very important during the winter 
jPjQ 22.—Adjustment of nionths when there are extreme 

^ changes in temperature. The tables 

give suggestions as to saws and speeds. 



Band-Saw Guide 


Table i6.—Recommended Specifications for Cutting Specific 
Materials with Disston Metal-Cutting Band Saws 


Material 

Number 
of Teeth 
per Inch* 

Set 

Speed of Blade, 
in Feet 
per Minute* 

Aluminum alloy (pistons, moulding). 

12 to 14 

R 

100 to ISO 

Aluminum sheets. 

8 to 10 

S 

1 1,000 to 3,000 

Asbestos sheets (thin gages, trans- 
ite, asbestos board, etc.). 

8 to 12 

S 

ISO to 200 

Babbitt. 

10 to 14 

R 

1,000 to i.soo 

Bakelite. 

8 to 10 

S 

800 to 1,000 

Brass cast, soft (screw stock, red- 
yellow brass, etc.). 

10 to 14 

s 

700 to 1,500 

Brass cast, hard. 

10 to 14 

R 

200 to soo 

Brass sheets and tubing. 

14 

S or G 

700 to 1,500 

Bronze (manganese, tobin, etc.).. . . 

10 to 14 

R 

150 to 350 

Bronze castings. 

10 to 14 

S or R 

300 to 800 

Carbon tool steel. 

12 to 14 

R 

100 to ISO 

Cast iron. 

12 to 14 

R 

100 to 150 

Cold-rolled steel. 

10 to 12 

R 

ISO to 200 

Copper. 

Drill rod. 

8 to 12 

S 

SOO to 1,000 

14 

R 

80 to ISO 

Fiber. 

8 to 10 

S 

300 to soo 

High-speed steel. 

12 to 14 

R 

90 to I2S 

Hose—metallic. 

18 to 22 

G 

SOO to 1,000 

Iron bars. 

12 to 14 

R 

100 to 150 

Iron sheets. 

14 to 18 

R 

100 to 2S0 

Machinery steel. 

10 to 14 

R 

100 to ISO 

Malleable iron. 

12 to 14 

R 

ISO to 200 

Metal wood. 

14 

R 

1,000 to 2,000 

Mica. 

10 to 12 

S 

300 to 600 

Monel metal. 

10 to 12 ! 

R 

125 to 200 

Pipe. 

14 to 18 

R or S 

100 to 200 

Rubber—hard. 

10 to 14 

S 

ISO to 200 

Slate. 

10 to 14 

S 

100 to ISO 

Structural steel. 

10 to 14 

R or G 

90 to ISO 

Tubing—steel. 

14 to 18 I 

R or G 

100 to ISO 


* Generally speaking, the greater the number of teeth, the lower the speed, 
and vice versa. Operating conditions vary too widely to make all these 
recommendations without variations. Actual operating experience on 
specific machines gives the only correct answer. 
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Hand Hack Saws 

The most commonly used blade for general hand hack-saw work 
has 18 teeth per inch. Blades with 24 and 32 teeth are used for 
tubing, sheet metal, and all thin-walled stock, and drill rod. 

Machine speeds can be from 60 to 100 strokes per minute, depend¬ 
ing on the blade and the work. Hand blades should not be run 
faster than 40 to 60 strokes per minute. There should be plenty of 
pressure on the cutting stroke and the blade lifted slightly on the 
return. Blade breakage is attributed to the following causes: 

Excessive feed pressure, especially on light or soft stock. 

Selection of too coarse a tooth for light stock. Tooth breakage is largely 
followed by body breakage. 

Overstrain or overtensioning of the blade in the frame. 

Ends pull out or body breaks. 

Failure to relieve tension on blade when not in use. Blade w’ll often 
sn^ when standing idle. 

Too little tension, blade buckles and breaks. 

Machine may be out of line, causing blade to run in or out, eventually 
breaking it. 

Selection of too light a gage in the blade for the machine in which it is used. 


Holding Work for Cutting-Off Saws 

Work to be cut with saws should be held firmly to avoid breakage 
of saws. Figure 33 shows several methods of holding work to be 
cut. 



Fro. 33.—Holding Work for Sawing 
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GRINDING MILLING CUTTERS 

The following illustrations and tables show the recommendations 
of the Cincinnati Milling Machine Company in the grinding of 



Fig. 34. —Helical Milling Cutter 



Fig. 35. —Straight-Tooth Cutter 

milling cutters of various types. These cover the cutters most in 
use. 

The diagrams, from Figs. 34 to 38 inclusive, show the methods 
and angles that have proved satisfactory in practice. 
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These methods have been worked out after much experimenting 
and can be easily used on modern cutter-grinding machines. 




Fig. 37.—End Mill 


Helical teeth are shown on several of the cutters, the helix angle 
being given in each case by the line at right angles to the teeth. 
Both solid end mills with shank and shell end mills are shown in 
Figs. 37 and 38. 
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Table 17.—Clearance Angles for Milling Cutters 


Material To Be Machined 

Clearance 
Angle A, 
Degrees 

Clearance 
Angle B, 
Degrees 

Rake 
Angle C, 
Degrees 

Land 

D, 

Inches 

Low carbon steel. 

Sto 7 

30 

15 

A 

EUgh carbon steel and tool 





steel. 

4to s 

30 

10 

A 

Steel castings. 

6 to 7 

30 

IS 

A 

Cast iron. 

3 to 6 

30 

10 

A 

Cast brass. 

10 to 12 

30 

10 

A 

Soft bronze (6o Brinell or 





less). 

10 to 15 

30 

10 

A 

Medium bronze (6o to 90 





Brinell). 

6 to 7 

30 

10 

A 

Hard bronze (above 90 





Brinell). 

4to s 

30 

10 

A 

Copper. 

12 to 17 

30 

10 

A 

Aluminum. 

10 to 12 

i 

30 

10 

A 
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The table showing clearance angles for cutters for different 
materials on page 476 will be found of great value in securing maxi¬ 
mum results from cutters. Table 18 is especially for helical cutters. 


Angle for 
Sttnng Wheel 


Cuffer 



Wheel 


Table 18.—Angle for Setting Wheel to Obtain Clearance 
Angle of 3 to 10° on Helical Cutters 


Helix 



Clearance Angle Desired 



Angle A 

3 ° 

4° 

S'* 

6° 

7" 

8° 

9° 

10® 

30^* 

li 

2 

2j 

3 

si 

4 

45 

5 

35° 

if 

2i 

3 

32 

4 

4i 

5i 

si 

40 ® 

2 

2i 

3i 

4 

45 

Si 

si 


45° 

2 

2i 


4l 

5 

si 

6J 

7i 

50 ° 

2 } 

3 

3i 

4i 

si 

6i 

7 

7 I 

55° 


3i 

4 

S 

si 

6i 

7i 

8i 

60 ° 

2 i 

4 

3i 

4i 

5l 

6 

7 

7i 

8i 

65 ° 

2 f 

4 I 

Si 

6i 

7i 

8i 

9, 

70 ° 

2 i 

si 

4i 

si 

6 J 

7i 

8 | 

9i 

75° 

3 

si 

4i 

si 

Oi 

7i 

8 i 

I 


The proper sharpening of the periphery teeth of staggered-tooth 
cutters involves three definite steps, as follows: 

1. Mount the cutter on an arbor between centers, and cylindrically grind 
teeth until all cutting edges are clean and sharp. 

2. Mount cutter and arbor in the sharpening machine. The guide 
finger is mounted in a fixed position with relation to the grinding wheel. 
This guide finger must be beveled on the end to an angle that will closely 
match the spiral angle of one set of cutter teeth. It ^ould project suffi¬ 
ciently beyond the grinding wheel so that the tooth to be sharpened rests on 
the finger before the wheel strikes the work. (Note the relative position 
of g\iide finger and grinding wheel in right-hand view, Fig. 39.) 

The grinding wheel should be tilted slightly in relation to the axis of the 
cutter as shown in the upper left-hand view of Fig. 39- This is necessary in 
order to avoid striking other teeth than the one being sharpened and also 
provides cutting clearance for the wheel. „ ^1. • xi. 

With everything in position the clearance is ground on all teeth ha^M the 
same helix angle. The first cut should leave a very narrow (hairline) 
cylindrical land! The second and finishing cut then is very light and just 
enough to bring the teeth to a sharp edge. c 

3. After one set of teeth have been sharpened, another ^ide fang^, 

beveled at the opposite angle, is substituted. This bevel conforms to th« 
helix angle of the other set of teeth. r 

Sharpening is then carried on exactly as for the first set of teeth. 
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The circular grinding, mentioned before, is done for the sole purpose of 
serving as a guide for grinding all teeth the same height. It is, there¬ 
fore, important that the finish happening cut brings out the sharp edge as 
described, and no more. 



Staggered tooth cutters are made with a narrow flat land on the 
side teeth so as to maintain their width over a long period. Sharp¬ 
ening of side teeth is, therefore, seldom necessary. 

When sharpening cutters, the grinding wheel should always 
rotate as shown in Fig. 39 so that the heat generated is carried away 
from the cutting edge. 

SHARPENING OF STAGGERED-TOOTH UPPER 
AND LOWER MILLING CUTTERS 

The sharpening of staggered-tooth cutters presents problems not 
found in the sharpening of the ordinary types of profile milling 
cutters. The National Twist Drill & Tool Co. says that Fig. 29 
represents established practice as applied to the sharpening of these 
cutters. 


CUTTING EDGES 

There seems to be no doubt regarding the value of making cutting 
edges as smooth as possible. After grinding, the edges should be 
honed as thoroughly as possible. With the hone moved in the 
direction of the chip flow. Even with honing marks only a few 
micro-inches deep, the chips flow more easily with these marks than 
across them. Smooth cutting edges last longer and produce a 
better chip. 

IMPORTANCE OF PROPER GRINDING OF CARBIDE 
CUTTERS 

All who have studied the use of carbide cutters in milling agree 
that grinding and maintaining proper angles is most important. 
Wide variations in cutter life result from lack of proper care and 
inspection. Small cracks which result from improper grinding 
greatly reduce the life of any cutter. 
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Wheels. —Cincinnati Milling Machine Co. recommends the 
following diamond wheels, permanently mounted on wheel collets. 
Indicators should be used in checking runout of the face of cup 
wheels and the periphery of straight wheels. As the holes in wheels 
are 0,005 inch oversize, they can be adjusted to correct runout, 
which should not exceed 0.00025 inch. Vitrified bonded wheels 
may replace the present resinoid wheels. Preferred wheels are 

1. Roughing Wheels for Circle Grindings: 6 inch diameter X i inch 
wide, 100 grit, resinoid bond, 100 concentration, No. loo-B-ioo J. 

2. Roughing Flaring Cup Wheel: 10 degree tapered inside rim, 
inch diameter, 100 grit, resinoid bond, 100 concentration, 

No. loo-B-ioo i. 

3. Semijinisft Flaring Cup Wheel: 10 degree tapered inside run, 
3i inch diameter, 180 grit, resinoid bond, 100 concentration. 
No. loo-B-ioo — 3^. 

4. Semifinish flaring Cup Wheel: 10 degree tapered inside rim, 
3i- inch diameter, 220 grit, resinoid bond, 100 concentration. No. 
loo-B-ioo — 

5. Finish Flaring Cup Wheel: 10 degree tapered inside rim, 3J inch 
diameter, 400 grit, resinoid bond, 100 concentration. No. 400-B-100 

iV* 

Accessories. —A double-ended diamond hand hone, 400 grit on 
one end, 500 grit on the other, resinoid bond, 100 concentration, 

inch diamond depth. 

A diamond wheel dressing stick for 100 grit wheels. Pumice 
stone for dressing finishing wheels. 

An 18 power watchmaker’s magnifying glass. 

A 40 to 50 power microscope with scale in eyepiece. 

Use kerosene for cutting fluid in finishing operations. 

Grinding Carbide Cutters: 

Diamond wheels should be used exclusively for grinding carbide tips. 

Use 100 grit straight wheels for circle grinding. 

Use 100 grit cup wheels for general roughing where more than 0.002 inch of 
stock is to be removed. 

Use 180 grit cup wheel for finishing face of tooth; also for semifinishing 
clearance lands and for grinding secondary clearance. 

Use 400 grit cup wheel for finishing primary clearance lands. 

Do not grind into body of cutter with diamond wheels as they will load up 
immediately. Carbide tip should project 0.040 to 0.060 inch beyond cutter 
body in original braze. Grinding wheel clearance should be provided in body 
of cutter for grinding face of tooth. 

Diamond wheels should i*un from 5,000 to 5,500 feet per minute. 

Roughing cuts should not remove more than 0.0004 inch per pass of wheel; 
semifinishing no more than 0.0002 inch and in finishing, 0.00015 inch. 

The tip can be fed past the wheel at about so inches per minute in roughing 
and from 10 to 20 inches per minute in finishing. 

Rotation of the grinding wheel must be toward the cutting edge. 

In circle grinding use soluble oil in 100 to i mixture. Kerosene used in 
semifinishing and finishing will keep the wheel clean and free cutting. Wipe 
the wheel clean with a rag soaked in kerosene. Should the wheel load up, it 
can be opened up with pumice stone or with a dressing stick made specially 
for diamond wheels. Use the pumice stone on finishing wheels. Dress 
wheels as little as possible. Roughing wheels tend to bum and finishing 
wheels to load up. 

The cutter grinder should use the 18 power watchmaker’s glass to examine 
the carbide before grinding and during the sharpening operations. All cracks 
and flaws should be ground away in the roughing operation. All crater and 
abrasion marks must be ground away to secure maximum cutter life. 
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Indicate all the teeth for runout, after grinding. Clearance and body 
interference should also be carefully checked, especially in small diameter 
and for radius cutters. 

Pace and clearance lands should be carefully honed by hand after diamond 
pending. The surface finish on a carefully ground and honed tooth should 
be between one and five micro-inches. 

Before releasing the cutter to the shop inspect it carefully with the 40 to 
so microscope in a well-illuminated place. 

In grinding, the cutter should be held in the same way as when it is in the 
milling machine. Shell end mills should be ground on their arbor. 

Experience shows that when properly used, carbide cutters can be recon¬ 
ditioned by removing from 0.002 to 0.003 inch from tooth face and from 
0.003 to 0.005 inch from the clearance lands. If more stock has to be 
removed the cutter has been used too long or the cutting conditions were not 
correct. 

Primary Clearance Angles Recommended by the Cincinnati 
Milling Machine Company 
(Based on optimum results of research to June 27, 1944) 


Primary Clearance Angles, in Degrees 


Type of Cutter 

Periphery 1 

Corner j 

1 Pace 

Steel 

C. 1 . 

Al. 

Steel' 

C. I. ! 

Al. ' 

Steel 

C. I. 

Al. 

Pace or side. 

3 to 4 

S 

10 

3 to 4' 

5 1 

10 

2 to 3 

4 to S 

10 

Slotting. 

4 to 5 

5 

10 

4 to 5 

S 

10 

2 

S 

10 

Saw. 

4 to 5 

5 

10 

14 to 5 

S 

10 

2 

5 

10 


Maximum usable length of primary clearance land on periphery 
and corner is a function of the cutter diameter, clearance angle, and 
feed per tooth. A ^-inch land is suitable for general work with 
cutters 3 to 8 inches in diameter. 

Secondary clearance angle on periphery and corner may be from 
3 to 5 degrees more than the primary clearance. 

Length of primary clearance land on face of cutter: in most cases 
the primary clearance may extend over the entire cutter tooth. 

Concavity or Face Relief, on Face of Cutter 


a be 



For long tool I ife For good work finish For fine work finish 

where chaffer occurs 


Condition 

Concavity Angle 

Fig. No. 

For long tool life. 

ij to 2 degrees 

A 

For good work finish. 

J to J degrees 

B 

For fine work finish. 

0 land, to i long 

B 

For fine work finish where chatter 
is encountered. 

} X iV plus 0 degree 
land to i inch long 

C 
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GRINDING, HONING, AND LAPPING 

GRINDING, PROCESSES, AND EQUIPMENT 

Although grinding is usually considered a finishing operation, it 
is often employed as a complete machining process on work which 
can be ground down from rough condition without being turned or 
otherwise machined. Thus, many types of forgings and other parts 
are finished completely with the grinding wheel at appreciable 
saving of time and expense. Conditions that would control this 
practice would be the total amount of stock to be removed, the 
general shape of the piece, the types of machines available, etc. 

Classes of grinding machines, in general, include the following: 

Cylindrical, Internal, Centerless Grinders. —These are for straij^ht cylindri¬ 
cal or taper external or internal work; thus, spindles, shafts, and similar parts 
are ground on cylindrical machines either of the common-center type or the 
centerless machine. Centerless grinding consists of passing the work between 
a regulating wheel and the grinding wheel without mounting on centers. 
Long shafts or other cylindrical parts are handled by passing longitudinally 
through the machine. Other pieces are finished by feeding directly against 
the wheel without end movement. This is called “plunge-cut grinding.” 

Internal Grinders. —These are for cylinder bores and similar operations 
where bores of all kinds are to be finished. 

Surface Grinders. —These are for finishing all kinds of flat work or work 
with plane surfaces which may be operated upon either by the edge of a 
wheel or by the face of a grinding wheel. These machines may have recipro¬ 
cating or rotating tables. Disc grinders also act upon the flat surfaces of 
the work piece; also belt grinders with flat abrasive belts are used for much 
flat work of suitable form and dimensions. 

Various specialized types of machines are built for different classes of 
work such as crankshaft grinders (for cylindrical surfaces), precision bench 
grinders for tool work; chucking and hole grinders for fnnshing flat faces and 
the bore of a piece held in a chuck. 

Roll Grinders. —These are another design of heavy machine for special 
operations in finishing mill rolls ot large proportions. 

Cutter and Tool Grinders. —These grinders are for general upkeep and 
handling of milling cutters, reamers, and similar tools; they are for both 
sizing and maintenance purposes. Other machines include drill grinders, 
lathe and planer tool grinders, and others. 

The sketches and table. Fig. i, refer to commercial grinding on 
cylindrical and allied work where average conditions of production 
finish, volume of work, and other factors obtain. Rates of opera¬ 
tion quoted may be exceeded in high-production plants. 

Data on Wheels 

Whatever the form of machine considered, all use abrasive wheels 
in some type or other. The selection of such wheels is all-impor- 
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tant. Slight variation in grain or grade of a wheel may affect the 
character of the work to a remarkable extent. Data pertaining to 
abrasives and wheels are of first importance in dealing with the sub¬ 
ject of grinding. 


igS ^ fog ^§§1 


SS 5 

cNi.fNi -ry 


\V ^ 

U. fsf- . 

A. Spindle 




B. Hollow Shaft 



Fig. I, —Examples of Commercial Grinding 


THE COMMERCIAL ABRASIVES 

Emery, corundum, Carborundum, Crystolon, Alundum, and 
Aloxite are the ordinary commercial abrasive materials. They 
vary in hardness, though it does not follow that the hardest grit is 
the best for cutting purposes; the shape and form of fracture of 
the particles must also be taken into consideration. We may 
imagine a wheel made up from diamonds, the hardest substance in 
nature, whose individual kernels were of spherical form; it is quite 
obvious that it would be of little service as a cutting agent; on the 
other hand, if these kernels were crystalline or conchoidal in form 
it would probably be the ideal grinding wheel. 

Emery is a form of corundum found with a variable percentage of 
impurity; it is of a tough consistency and breaks with a conchoidal 
fracture. 

Corundum is an oxide of aluminum of a somewhat variable 
purity, according to the neighborhood in which it is mined; its 
fracture is conchoidal and generally crystalline. 

Carborundum and Crystolon abrasives are of silicide of carbon, 
which is a product of the electric furnace; it breaks with a sharp 
cr3rstalline fracture. 
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Alundum and Aloxite are also manufactured products, being 
fused oxide of aluminum. They are of uniform quality, of about 98 
per cent purity, breaking with a sharp, conchoidal crystalline frac¬ 
ture and having all the toughness of emery. 

Numerous other trade-mark names have been adopted by other 
manufacturers, among them: Carbolite, Carbolon, Carbora, 
Carbosolite, Carbowalt, Corex, Dicarbo, Electroion, Gresolite, and 
Sterbon. 

Other trade-mark names are numerous and include: Abrasit, 
Adamite, Alowalt, Bathite, Borolon, Calcinite, Carbo-alumina, 
Combin, Corolox, Corowalt, Dessus, Diamantite, Durubit, Elec- 
trit, Jeddite, Lionite Oxaluma, Rebite, Rex, Rexite, and Sterlith. 

Grit and Bond 

A grinding wheel is made up of the “grit,” or cutting material, 
and the bond. The cutting elliciency of a wheel depends largely on 
the grit; the guide of hardness depends principally on the bonding 
material used. The efficiency in grinding a given metal is depend¬ 
ent largely upon the “temper,” or resistance to fracture and, as 
noted before, upon the character of fracture of the grit or cutting 
grains of the wheel. 

The function of the bond is not only to hold the cutting particles 
of the wheel together and to give the wheel the proper factor of 
safety at the speed it is to be run, but it must also be possible to vary 
its tensile strength to fit the work it is called upon to do. We often 
hear the operator say that the wheel is too hard or too soft. He 
means that the bond retains the cutting teeth so long that they 
become dulled, and this wheel is inefficient; or, in the case of a soft 
wheel, the bond has not been strong enough to hold the cutting teeth 
and they are pulled out of the wheel before they have done the work 
expected. 

The bond to be used for a given operation depends on the wheel 
and work speeds, area of wheel in contact with the work, vibration 
in wheel spindle or work, shape and weight of work, and many other 
like variables. Wheels are bonded by what are known as the 
vitrified, silicate, shellac (elastic), Bakelite, and rubber processes. 
No one bond makes the best wheel for all purposes; each one has 
its field. 

The vitrified bond is made of fused clays, is unchanged by heat 
or cold, and can be made in a greater range of hardness than any 
other bond. It does not completely fill the voids between the 
grains, and, therefore, a wheel bonded in this way having more 
clearance than any other is adaptable for all kinds of grinding 
except where the wheel is not thick enough to withstand side pres¬ 
sure. This bond has no elasticity. 

The silicate bond is composed of clays fluxed by silicate of soda at 
low temperatures. It is not so stable as the vitrified bond as 
regards dampness, gives less clearance between grains, and has a 
range of hardness below that of the vitrified in the harder grades. 
This bond has no elasticity and will not make a safe wheel of 
extreme thinness. 

The shellac bond is composed of shellac and other gums. It 
completely fills the voids of tne wheel, has a limited range of grades, 
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has a high tensile strength and elasticity and can be used for the 
making of very thin wheels. The rubber bond has the general 
characteristics of the shellac, but its grades of hardness cannot be 
varied to the same extent, and its uses are limited. 

Bakelite snagging wheels, operating at 9,500 surface feet per 
minute, are being very successfully used for the high-speed snagging 
of steel and malleable castings and for billet and ingot grinding. 
Bakelite saw-gumming and cutting-off wheels are also finding large 
fields of usefulness. 


Grain and Grade 

Grinding wheels are made in various combinations of coarseness 
and hardness to meet the variety of conditions under which they 
are used. The cutting material is crushed and graded from coarse 
to fine in many sizes designated by number. By No. 20 grain is 
meant a size that will pass through a grading sieve having 20 meshes 
to the linear inch. 

The term “grade” refers to the degree of hardness of the wheel or 
the resistance of the cutting particles under grinding pressure. A 
wheel from which the cutting particles are easily broken, causing it 
to wear rapidly, is called “soft,” while one which retains its particles 
long is called “hard.” 

Wheel Markings 

There was formerly standard system of marking grinding wheels 
to show their composition. Each manufacturer used a system of 
his own to describe the five important characteristics. These are 
(i) type of abrasive; (2) size of abrasive grain or degree of coarse¬ 
ness; (3) grade of hardness or strength of bond; (4) structure or 
distribution of abrasive grains; (5) kind of bond. (See pages 
1419 to 1423a for new data.) 

1. Type of Abrasive. —This is usually designated by the complete trade 
name of the kind of abrasive used (see The Commercial Abrasives for the 
more important names). This is not always necessary, however, as the 
introduction of the symbol “38,” for instance, indicates the use of Norton 
No. 38 Alundum, and other characteristic symbols are also frequently used. 

2. Size of Abrasive Grain, —The method of indicating the grain size or 
“coarseness” is more nearly universal than that for describing any other 


Grain Sizes (Norton Standards) 


Very Coarse 

Coarse 

Medium 

Fine 

Very Fine 

Flour 

Size:i 

4 

12 

30 

70 

ISO 

280 

6 

14 

36 

80 

180 

320 

8 

16 

46 

90 

220 

400 

10 

20 

60 

100 

240 

500 

• • 

24 


120 


600 


characteristic of the wheel. This is usually designated by a number indicat¬ 
ing the approximate number of meshes per linear inch of a screen through 
which the abrasive grains will pass. Thus, the symbol *‘46’ indicates 
that the wheel contains abrasive grains which would pass through a screen 
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having 46 meshes per linear inch. The higher numbers indicate finer grain 
size. 

3. Grade of Hardness or Strength of Bond.—Most manufacturers use a 
letter following the grain symbol to designate the grade of the wheel. Unfor¬ 
tunately, however, these letters and their relation to each other do not alwavs 
mean the same thing. In the Carborundum Company’s scale of grades, tne 
letters at the beginning of the alphabet indicate the hardest grades, and those 
at the end of the alphabet indicate the softest. Norton Company and most 
of the others use the alphabet scale in the reverse order, while a few manu¬ 
facturers use special code arrangements of the letters. 

For rubber, Bakelite, and shellac bonded wheels the grade is sometimes 
designated by letters, sometimes by numbers. Norton Company formerly 
used numbers but now uses letters to unify the system with that used for 
vitrified and silicate bonded wheels. The Carborundum Company uses 
numbers from i to 8, No. i being the hardest and No. 8 the softest, but many 
others use the number system in the reverse order. 

On page 485 are shown the corniiarative gradings of the leading grinding- 
wheel manufacturers issued by Carborundum Company. The American 
Emery Wheel Works has a new listing, on page 486, with suggestions as to 
uses. 

4. Structure or Grain Spacing.—Norton Company is introducing a symbol 
indicating the structure of the wheel or the distribution of the abrasive grains, 
Numbers are used following the letter which indicates the grade. A low 
number indicates a dense structure or a wheel with close spacing of grains, 
while a higher number indicates a more open structure or one with wider 
grain spacing. Thus a 46;M3 would be more dense than a 46-M 8. 

5. Eand of Bond.—This is frequently designated by a complete word 
describing the kind of bond used such as “vitrified,” “silicate,” “shellac,” 
“rubber,” “Bakelite,” etc. Some manufacturers use symbols, numbers, 
or letters to designate these general classes or certain modifications thereof. 

Storage 

Extreme care should be exercised in the storage of wheels. Suit¬ 
able racks or bins should be provided to accommodate the various 
types of wheels carried in stock. 

Most straight and tapered wheels are best supported on edge in 
racks. 

Thin rubber, shellac, and other organic bonded wheels should be 
laid flat on a plane surface to prevent warpage. 

Cylinder wheels and large cup wheels should be stacked on the 
flat sides with corrugated paper or other cushioning material 
between them. 

Small cup and other shape wheels and small internal grinding 
wheels may be stored in boxes, bins, or drawers. 

Very large wheels can well be stored in original containers. 

Inspection 

Immediately upon receipt, all wheels should be closely inspected 
to make sure that they have not been injured in transit or other¬ 
wise. As an added precaution, wheels should be tapped gently 
(while suspended) with a light implement, such as the handle of a 
screw driver for light wheels or a wooden mallet for heavier wheels. 
If they sound cracked, they should not be used. Wheels must be 
dry and free from sawdust when applying the test, otherwise 
the sound will be deadened. It should also be noted that organic 
bonded wheels do not emit the same clear metallic ring as do vitrified 
and silicate wheels. 

Mounting 

Rigidity of Machine. —Grinding machines should be sufficiently 
heavy and rigid so as to minimize vibration. They should be 
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securely mounted on substantial floors, benches, foundations, or 
other adequate structures. 


Grade Markings of Wheels 
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Diameter of Spindle. —No wheel of larger diameter or greater 
thickness than specified in the table on page 492 shall be used on 
any machine of given spindle diameter. 


Grinding Wheel Markings 

The American Emery Wheel Works mark their grinding wheels 
in the following manner and sequence: 

1. Kind of abrasive (Aluminox, No. 29 Aluminox, No. 77 
Aluminox, or Carbolite). 

2. Size of grain or grit. 

3. Grade, that is, grade of hardness indicated by bond strength. 
Usually soft grades on hard work and vice versa. 

4. Abrasive content: a. high content, o, i, 2, y,h, medium con¬ 
tent, 4, 5, 6; low content, 7, 8, 9, 10, ii, 12. 

5. Type of bond used: a. vitrified—V; silicate—S; shellac—E; 
resinoid—B. 

An example of wheel marking is given below: 


Abrasive 

Grain 

Size 

Grade 

Abrasive 

Content 

Bond 

77 

46 

H 

5 

V 


They suggest the following selection of abrasives for particular 
service: 


Aluminum Oxide (AhOa) 

Silicon Carbide 
(SiC) 

Aluminox 
(Very Tough) 

No 29 Aluminox 
(Semi-Friable) 

No. 77 Aluminox 
(Full-Friable) 

Carbolite 

Use on soft steels, 
alloy steel, an¬ 
nealed malleable 
i r 0 n , a n d 
wrought iron. 

Use on mild 
steels, some 
hardened steels, 
and tough 
bronzes 

Use on hardened 
steels, carbon 
steels, alloy 
steels, and high¬ 
speed steels 

Use on cast iron, 
chilled iron, 
brass, bronze, 

aluminum, cop¬ 
per, tungsten 

carbide, stone, 
and nonmetallic 
substances 

For snagging, 
rough heavy 
work, heavy- 
duty precision 
grinding, and 
general purpose. 

For precision 
grinding, tool 
grinding, and in¬ 
ternal grinding 

For fine preci¬ 
sion, tool-room 
work on tools, 
cutters, reamers, 
hobs, etc., and 
internal grind¬ 
ing 

For snagging and 
precision grind¬ 
ing 
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Trade Names of Abrasives 


The Clover Manufacturing 
lollowing list of abrasives by 


Company, Norwalk, Conn., gives the 
trade names: 


Trade Names 
Abrasite 
Adalox 
Adamite 
Alabrase 
Alorix 
Al-Ox 
Aloxite 
Alundum 
Amunite 
Ansandum 
Ansilicon 
Ansolox 
A-0-66 
Armourite 
Baco 

Blue-Stripe 

Boxite 

Carbalox 

Carbicon 

Carbonite 

Carborix 

Carborundum 

Crystolon 

Crystox 

Durite 

Durundum 

Electric-Abrasive 

Garalun 

Ilerculundum 

Jewelite 

Jewelox 

Luminox 

Lumnite 

Metalite 

Production 

Sil-Carb 

Three-M-ite 

Tri-M-ite 

Usalox 

Wausite 

Yellow-Stripe 


Abrasive Used 
Aluminum oxide 
Aluminum oxide 
Aluminum oxide 
Aluminum oxide 
Aluminum oxide 
Aluminum oxide 
Aluminum oxide 
Aluminum oxide 
Silicon carbide 
Aluminum oxide 
Silicon carbide. 
Aluminum oxide 
Aluminum oxide 
Silicon carbide 
Aluminum oxide 
Silicon carbide 
Aluminum oxide 
Aluminum oxide 
Silicon carbide 
Silicon carbide 
Silicon carbide 
Silicon carbide 
Silicon carbide 
Silicon carbide 
Silicon carbide 
Aluminum oxide 
Aluminum oxide 
Aluminum oxide 
Silicon carbide 
Silicon carbide 
Aluminum oxide 
Aluminum oxide 
Aluminum oxide 
Aluminum oxide 
Aluminum oxide 
Silicon carbide 
Aluminum oxide 
Silicon carbide 
Aluminum oxide 
Aluminum oxide 
Aluminum oxide 


Selecting the Best Abrasives 

Choosing the best type of abi.isive is not always easy. Both ttie 
silicon carbide and aluminum oxide abrasives have their own fields, 
and there are also places where selection is a matter of personal 
opinion. The characteristics of the two types vary but not so 
widely as some imagine. 

Silicon carbide is very hard but does not resist breakage as does 
the aluminum oxide. It breaks into particles that are angular in 
form and cut well. This, in the opinion of most grinders, makes it 
superior for use on very hard materials, such as cemented carbide 
tools, stone, and ceramic materials. Metals and other materials 
that are of low tensile strength are best ground with this com¬ 
paratively fragile abrasive. Fracture of the cutting particles is 
necessary to provide new cutting points without great wheel wear, 
especially when cutting low-resistance materials. 



488 


GRINDING, HONING, AND LAPPING 


Aluminum-oxide abrasives are not quite so hard as the silicon 
carbide, but are tougher, and the grains are not so easily broken. 
This makes them better adapted for grinding most steels because of 
their greater resistance to the impact of striking the steel surface. 
The silicon carbide grains break too easily, which means too rapid 
wheel wear, for use on steel. 

This may be summed up in a general rule to use silicon carbide 
abrasives for materials of low tensile strength, regardless of their 
hardness, and to use aluminum oxide for materials of high tensile 
strength, such as steel. A list of materials suggested for grinding 
with the two types of wheels are: 


Silicon CARBmE 
Gray and chilled iron 
Brass and soft bronze 
Aluminum and copper 
Marble and other stone 
Rubber and leather 
Very hard alloys 
Cemented carbides 


Aluminum Oxide 
Carbon steels 
Alloy steels 
High speed steels 
Annealed malleable iron 
Wrought iron 
Rough and hard bronzes 


Vitrified bonding is used in perhaps 75 per cent of all wheels used. 
The vitreous bond practically becomes glass under heat, and this 
glass holds the abrasive grains together firmly, but with considerable 
porosity. This enables it to remove material at a high rate. Not 
being affected by acids, oils, water, or climate, and being uniform 
in hardness, it is a favorite for many grinding operations. 

Silicate bonding is primarily silicate of soda, which does not hold 
the grains of abrasive so firmly as the vitrified bond. This bond 
makes what grinders call a “milder” wheel, used largely in the 
grinding of edge tools. It is important in this work that the heat 
generated must be kept at a minimum. 

Both silicon carbide and aluminum oxide abrasives are made by 
the same concerns in both Canada *nd the United States. The 
makers alphabetically arranged, and the trade names of both types 
of abrasives are given herewith: 


Company 

Trade Names 

Silicon 

Carbide 

Aluminum 

Oxide 

Carborundum Company. 

Carborundum 

Carbolon 

Carbonite 

Federal 

Crystolon 

i 

Aloxite 

Exolon 

Lionite 

Federal 

Alundum 

Exolon Company. 

General Abrasive Company . 

Monsanto Chemical Company. 

Norton Company. 



In addition, the Abrasive Compaijy (not General Abrasive) 
makes Barolon, an aluminum-oxide abrasive. 

Dust-Exhaust Provision. —Hoods on machines used for dry 
grinding and other operations where dust is produced should have 
provision made for connection to an exhaust system. 
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The size of such connections should be in conformity with the 


following specified dimensions: 

Minimum 

Diameter 

. OF Branch 

Diameter of Wheel, Inches Pipe, Inches 

6 or less in diameter. 3 

7 to 16 in diameter. 4 

17 to 24 in diameter. 5 

25 to 30 in diameter. 6 


A modification of the above requirements will be allowed in the 
case of narrow wheels used for light work where very little dust is 
generated and where a smaller pipe will satisfactorily remove it. 

Note. —A “Safety Code for the Use, ('are, and Protection of 
Grinding Wheels,” containing complete information on this subject, 
may be obtained gratis from the American Standards Association, 
29 West 39th Street, New York, N. Y., or from any grinding wheel 
manufacturer. 


SPINDLE THREADS 

Direction of Spindle Thread.—Ends of spindles shall be so 
threaded that the nuts on both ends will tend to tighten as the 
spindles revolve. Care should be taken in setting up machines 
that the spindles are mounted so that they will revolve in the proper 
direction, otherwise the nuts on the ends will loosen. 

Note, —To remove the nuts, they should both be turned in the 
direction that the spindle revolves when the wheel is in operation. 

Work-Rest Adjustment.—The work rest should be kept adjusted 
close to the wheel, with a maximum distance of | inch, to prevent 
the work from being caught between the wheel and rest and should 
be securely clamped after each adjustment. This adjustment 
shall not be made while the wheel is in motion. The rest should 
be maintained in good condition. 

Flanges.—Flanges shall be recessed at least ^ inch on the side 
next to the wheel. 

Fit.—The driving flange shall be keyed, screwed, shrunk, or 
pressed onto the spindle, and the bearing surface shall run true and 
at right angles with the spindle. 

Surface Condition.—All surfaces of wheels, washers, and flanges 
in contact with each other should be free from foreign material. 

Bushing.—The soft metal bushing shall not extend beyond the 
sides of the wheel. The hole in the wheel bushing should be 
0.005 inch larger than standard size spindles. This permits the 
wheel to slide on the spindle without cramping and ensures a good 
fit not only on the spindle but against the inside flange, which is 
essential. 

The hole in the wheel bushing should be 0.005 inch larger than 
standard-size spindles. This permits the wheel to slide on the 
spindle without cramping and ensures a good fit not only on the 
spindle but against the inside flange, which is essential. 

Washers. —Washers or flange facings of compressible material 
shall be fitted between the wheel and its flanges. If blotting paper 
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is used, it should not be thicker than 0.025 inch. If rubber or 
leather is used, it should not be thicker than i inch. If flanges 
with babbitt or lead facings are used, the thickness of the babbitt 
or lead should not exceed J inch. The diameter of the washers 
shall not be smaller than the diameter of the flanges. Fig. 2. 



Standard Dimensions of Protection Flanges 
(All Dimensions in Inches) _ 


A 

Diameter 
of Wheel 

B 

Minimum 
Outside 
Diameter 
of Flanges 

c 

Radial Width of 
Bearing Surface 

Minimum Maximum 

P 

Minimum 
Thickness 
of Flange 
at Bore 

E 

Minimum 
Thickness 
of Flange 
at Edge 
of Recess 

I 

i 

A 

i 

A 

A 

2 

i 

i 

A 

i 

A 

3 

I 

i 

i 

A 

A 

4 

li 

A 

1 

A 

i 

S 


A 

i 

i 

i 

6 

2 

1 

4 

i 

f 

A 

8 

3 

i 

§ 

1 

A 

10 

si 

A 

f 

i 

i 

12 

4 

A 

f 

i 

A 

14 

4 § 

1 

1 

4 

i 

A 

16 

si 

i 

I 

i 

A 

18 

6 

i 

I 

i 

i 

20 

7 

f 

li 

f 

1 

22 

7 i 

f 


f 

A 

24 

8 

1 

li 

f 

A 

26 

00 

1 

4 


i 

§ 

28 

10 

i 

li 

i 

4 

30 

lO 

i 

li 

i 

f 

36 

12 

I 

2 

i 

i 


Tapered protection flanges shall always be used with tapered wheels having 
the same degree of taper, which should be at least i inch per foot for each 

flange. 


Tightening of Nut. —When tightening spindle-end nuts, care 
should be taken to tighten them only enough to hold the wheel 
firmly; otherwise, the clamping strain is liable to damage the wheel 
or associated parts. 
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Note: For speeds exceeding 7,000 peripheral feet per minute, the spindle sizes shown in the above table are 
usually not adequate. Inasmuch as the proper spindle size is dependent upon many factors, such as general 
design of the machine, type of bearings, quality of materials and workmanship, a simple table is not practicable. 
Wheels larger than specified by the machine manufacturer should not be used on any given machine. 
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DRESSING AND TRUING 

The terms dressing” and truing” are frequently confused 
or carelessly interchanged. Actually, there is a definite distinction. 
The term dressing should be used to describe the reconditioning 
of the grinding surface of a wheel which has lost some of its cutting 
ability because of glazing or loading. Theoretically, this operation 
is unnecessary if the wheel is of the correct specifications for the 
work. The term truing should be used to describe the operation 
of restoring the grinding surface of the wheel to its correct geo¬ 
metrical shape—cylindrical, conical, plane, or formed, as the case 
might be. For precision grinding of all kinds truing is necessary 
at intervals in order to insure accuracy of results. 

A wheel could be satisfactorily dressed but still require truing. 
The truing operation, however, if correctly done with the proper 
tool will perform the function of dressing at the same time. From 
this it will be understood then that ordinary dressing of wheels 
used for precision grinding is not sufficient but may be satisfactory 
on snagging and other offhand operations where accuracy is not 
of great importance. 

The most common type of offhand dressing tool consists essen¬ 
tially of a number of circular metal cutters mounted on a spindle 
in a suitable holder. These cutters are of numerous shapes and 
styles to suit various classes of work and are known by various 
names, such as “Huntington,” “Ross,” etc. The Metcalf dresser 
consists of an abrasive wheel mounted on a spindle with a handle 
at each end. 

For truing wheels on precision machines a diamond tool or some 
well-built truing device which employs abrasive wheels should be 
used. Huntington dressers or other types using metal discs as 
the cutting medium are not suitable. Truing devices must also 
be firmly supported. Offhand application of the tool should never 
be permitted. 

Diamonds should be the hardest rough stones procurable, and 
the larger stones are cheaper in the end. A large stone allows of a 
more secure hold in its setting, and so the danger of losing it is 
reduced. The diamond tool should always be held by mechanical 
means when it is in use, except in cases which are unavoidable. 

Diamonds for Grinding Wheels 

About 90 per cent of all industrial diamonds are used in grinding 
wheel dressers. Large stones are recommended for heavy work, 
smaller for lighter work, depending on conditions. Recommenda¬ 
tions for Landis and Norton nibs are shown in the table at top of 
page 494. 

Light truing cuts are generally preferable. When used, coolant 
should cover the full face of the wheel. Machines should be level 
and steady. The dresser should move slowly and uniformly across 
entire face. Turn holder often, from one-fourth to one-third turn. 
Reset the diamond before it is worn level with holder. Avoid 
shattering the diamond by impact at the edges of the wheel. 
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Carats 


Wheel diameter under 8 
inches. 

0.300 to 0.750 

I .000 to I . 250 

1.500 to 3.000 

3.500 to 10.000 

Depending on con¬ 
ditions, type of 
wheel, grain, etc. 

Wheel diameter under 12 
inches. 

Wheel diameter under 24 
inches. 

Wheel diameter over 24 
inches. 



Dresser diamonds are properly tough stones with a maximum 
number of sharp points, mounted in their natural form, but in some 
light-duty cases they can be shaped to a point or to a chisel edge. 
Craft’s Permaset contains a long slim diamond set in an extended 
nib. This allows long service without resetting. The diamond is 
used until entirely worn away. This type of dresser eliminates 
resetting. Carat weights recommended for Permaset follow: 


Wheel Diameter 
and Face, 
in Inches 

Average Carat 
Weight 

Wheel Diameter 
and Face, 
in Inches 

Average Carat 
Weight 

6 X i 

0 300 

i8 X 2 

I. 750 

8 X I 

0 600 

20 X 2 

2 000 

10 X I 

0.750 

24 X 2 

2.250 

12 X I 

1.000 

24 X 3 

2 500 

14 X ih 

1.250 

2A X 4 

3.000 

18 X 

1.500 

26 X 4 

3-500 


Setting the Diamonds 

Diamonds may be obtained ready fixed in suitable holders, or the 
rough stones may be bought and set by any competent toolmaker. 
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The illustrations show various methods by which they may be held 
securely, and require but little explanation. First, Fig. 4 is the 
method most commonly used, the diamond being either peened or 
brazed in position. One disadvantage of this method is that the 
diamond is apt to break with a chance blow of the peening chisel, 
or the heat from brazing will sometimes cause fractures; neither is 
it so easily reset when its point becomes dulled as are the other 
settings shown. Figure 5 requires no explanation, except thatjt is 
advisable to pack the diamond with shredded asbestos fiber to act 
as a cushion; this method allows of quick resetting. Figure 6 con¬ 
sists of a small steel cap tapped out to fit the stock as shown. 
Enough shredded asbestos fiber is inserted between the diamond 
and stock to hold it firmly in position. This method also allows 
of quick and safe resetting. 

Use of Coolant or Lubricant 

In grinding metals and many nonmetallic substances, it is essen¬ 
tial to use a coolant to dissipate the heat generated by the abrading 
action and friction. It is particularly true in precision grinding 
that an equable, moderate temperature be maintained in the work 
to obviate distortion and to make accurate size taking possible 
during or immediately following the grinding operation. 

Although clear water can be used for this purpose, it causes rust¬ 
ing of the machine and work and lacks many desirable character¬ 
istics of other cooling media. Addition of soda or alkali in various 
forms to the water overcomes the trouble from rusting. Solutions 
containing soapy emulsions or soluble oil compounds are valuable 
as rust preventives and their lubricating quality tends to reduce 
the heat generated and to improve the finish produced by the 
grinding wheel. Kerosene or other light oil solutions are used for 
aluminum and its alloys, and these permit settling of the light chips 
and aid effective grinding action. 

Use of a grinding fluid tends to keep the wheel face from loading 
or filling with particles of the material being ground, thus improv¬ 
ing its cutting action. It also settles the abrasive dust, preventing 
contamination of exposed bearing surfaces and adding to the 
hygienic conditions of the workman. 

The coolant should be applied in ample volume directly to the 
grinding point. Applying the grinding fluid remotely or using too 
little reduces its effectiveness and may even cause distortion or 
surface defects such as checking. 

Clean Coolant Cuts Costs 

Coolant thoroughly cleaned by centrifugal separator produces 
better work and saves grinding-wheel cost by making wheels last 
up to 20 per cent longer, which also saves on wear of the diamonds 
used in truing. With continuous cleaning much less coolant is 
needed, and it is not necessary to throw away old coolant and mix 
a new batch, as no sludge is permitted to form. 

The amount of coolant is also important. One expert advises 
2 gallons per minute for each actual horse-power used. Brown 
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and Sharpe recommends a solution of J pound sal soda per gallon of 
water. Soluble oils are also satisfactory. For continuous work 
the tank should hold 2 to 2J times the total flow per minute. 

General Suggestions 

Competent men shall be assigned to the mounting, care, and 
inspection of grinding wheels and machines. 

After mounting a new wheel, care should be taken to see that the 
hood is properly replaced. 

All new wheels shall be run at full operating speed for at least 
I minute before applying work, during which time the operator 
shall stand at one side. 

Work should not be forced against a cold wheel but applied 
gradually, giving the wheel an opportunity to warm and thereby 
minimize the chance of breakage. This applies to starting work in 
the morning in cold rooms and to new wheels which have been 
stored in a cold place. 

Grinding on the flat sides of straight wheels is often hazardous 
and should not be allowed on such operations when the sides of 
the wheels are appreciably worn thereby or when any considerable 
or sudden pressure is brought to bear against the sides. 

Care should be exercised in lubrication so that the spindle will 
not become sufficiently heated to damage the wheel. 

FACTORS AFFECTING GRINDING-WHEEL SELECTION 

The selection of a grinding wheel for a given piece of work is not 
a guess—neither is it calculable by mathematics. Grinding plays 
an important part in our modern manufacturing processes, and an 
understanding of the factors involved in selecting a grinding wheel 
for a certain job is extremely helpful to the shop superintendent, 
methods engineer, foreman or workman. The following general 
factors govern grinding-wheel selection: 

Given conditions: 

1. Material to be ground. 

2. Amount of material to be removed and finish desired. 

3. Arc of contact. 

4. Type of grinding machine. 

Influential variable factors: 

1. Wheel speed. 

2. Work speed (or pressure if hand grinding). 

3. Condition of machine. 

4. Skill of the workman. 

1. Material to Be Ground.—The composite effect of several 
physical properties of a material to be ground largely governs the 
selection of the type of abrasive to be used. For materials that are 
neither very brittle nor very easily penetrated, crystalline aluminum 
oxide wheels have been found most suitable. Most materials for 
which this abrasive is better adapted are comparatively high in 
tensile strength. Therefore, beginning with the hardest and tough¬ 
est of alloy tteels, down to and including the tougher grades of 
bronze, aluminum oxide grinding wheels should be used. 
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For materials that are very easily penetrated, such as leather, 
and for those which are hard but very brittle, such as stone, silicon 
carbide wheels are more suitable. Cast and chilled irons offer 
moderate resistance to penetration and are sufficiently brittle 
compared with hardened steel to make silicon carbide the more 
effective abrasive for them. Also other materials of low tensile 
strength, such as soft brasses and bronzes, aluminum, and copper, 
are more efficiently ground with silicon carbide grinding wheels. 

2. Amount of Material to be Removed.—The amount of material 
to be removed by the grinding wheel and the finish desired influence 
the selection of the grit size, because, where comparatively large 
amounts of material have to be removed by grinding, the coarser 
grain combinations should be employed to facilitate 'the rapid 
removal of stock. This applies particularly to hand grinding opeia- 
tions like snagging castings, where finish is no consideration, but 
rapid cutting qualities are essential. 

Finish is dependent to a considerable extent on grit size used, 
except on machine grinding operations, where proper truing and dress- 



Fig. 7 
Grinding 
Small 
Diameter 



Grinding Large 
Diameter 



Fig. 9 Fig. io 

Grinding Internal 

Flat Surface Grinding 


Figs. 7-10. —Contact of Grinding Wheel 


ing facilities afford a means of obtaining fine finish without the sacri¬ 
fice of production usually accompanying the use of fine grit wheels. 

3. Arc of Contact.—The arc of contact, or the area of contact, has 
a very important bearing on the grain and grade selection. By 
the “arc of contact’' is meant the length of the arc (measured along 
the periphery of the wheel) that is in contact with the work being 
ground. The two extremes of the length of this arc are illustrated 
by Figs. 7 and 10. The difference in the length of the arc of contact 
in these two extremes is actually rathCr small, but the effect of this 
difference on the grinding wheel is great. In the first case, a 
medium-hard wheel is required, whereas only the softest grades 
will grind satisfactorily in the second case. 

In the case of cup or cylinder wheels where the grinding is done 
on the rim, the arc of contact develops into an area of contact and 
the effect of a change from a small area to a large area is even more 
marked than with a straight wheel. The extremes here range from 
the grinding of steel balls, where practically “point contact** 
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exists, to the grinding of broad, flat surfaces. To select a wheel 
suitable to the variations in the area of contact, grades F to Z 
(Norton) have to be employed. 

The “arc of contact” and “area of contact” should not be con¬ 
fused with the “width of contact.^^ By “width of contact” is 
meant the width of the wheel in contact with the work in the case 
of cylindrical grinding, or the width of the rim in the case of cup and 
cylinder wheels. Width of contact has practically no effect on 
the cutting action of a wheel, provided, of course, pressure per 
unit area remains constant and there is sufficient power in the drive. 
In other words, there should be no difference in the cutting action of 
a wheel ^ inch wide and another 4 inches wide, or a cup with i-inch 
rim or one with a 2-inch rim, provided the pressure per unit area 
remains the same. 

4. T3rpe of Grinding Machine.—In the majority of cases when a 
grinding wheel has to be selected for a given job, the grinding 
machine is already available and becomes an important factor in 
grinding-wheel selection. Heavy, rigidly constructed machines 
take softer wheels than lighter, more flexible types. Some machines 
set up greater vibrations than others, thus calling for finer and 
harder wheels. The combination of speeds and feeds on some 
precision machines makes the use of different kinds of wheels 
necessary. Plane-surface grinding machines making use of the 
rim of a cup or cylinder wheel require much softer wheels than plane- 
surface machines using the periphery of a straight or disk wheel. 

Influential Variable Factors 

I. Wheel Speed.—Too slow a speed means waste of abrasive 
without getting much useful work in return, and an excessive speed 
may retard cutting and if carried too far might become dangerous. 
Run a grinding wheel at somewhere near the speed recommended by 
the maker, as he has found by years of experience that certain 
speeds work better than others. The grits and grades usually 
recommended for certain grinding operations are based on the 
assumption that approximately the recommended speeds will be 
employed. If, for some reason, these speeds cannot be used, then 
the grade at least must be changed to suit this condition. 

Recommended Wheel Speeds 


Surface Feet 
PER Minute 

Cylindrical grinding. 5,500 to 6,500 

Internal grinding. 2,000 to 6,000 

Snagging, offhand grinding (vitrified). 5,000 to 6,000 

Snagging, rubber, and Bakelite wheels. 7,500 to 9,500 

Surface grinding. 4,000 to 5,000 

Machine-knife grinding. 3,500 to 4,000 

Hemming cylinders. 2,100 to 5,000* 

Wet-tool grinding. 5,000 to 6,000 

Cutlery wheels. 4,000 to 5,000 


Rubber, shellac, and Bakelite cutting-off wheels.. 9,000 to 16,000 

* The higher speed is recommended only where suitable bearings are 
employed. 
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2. Work Speed. —In machine grinding, speed of work exerts a 
very pronounced effect on the grinding wheel and hence has to be 
allowed for in grinding-wheel selection. In general^ fast work 
speed, whether the operation be cylindrical, surface, or internal 
grinding, tends to wear the wheel out faster than slower work speed. 
This is not necessarily a drawback to good grinding practice, but it 
must be understood to be properly controlled. 

Wheel wear is dependent on the ratio of the surface wheel speed 
to the surface work speed. The higher the ratio the less work the 
wheel is required to do in a given amount of time, hence the wheel 
naturally wears at a .slower rate. If the ratio is decreased by 
increasing the work speed, the wheel will be required to do more 
work in a given time and will wear faster. 

In general, the longer the arc of contact in precision grinding 
operations, the faster should be the speed of the work, in order 
to have the wheel cut properly. 

In hand grinding, the rate at which the work is forced against 
the wheel or the method of applying the work exerts an influence 
on grade selection. The harder the grinding wheel is forced, the 
harder should be the wheel if abrasive economy is to be expected. 

3. Condition of the Grinding Machine. — A grinding wheel is a 
refined tool (as is a milling cutter) and cannot work to good advan¬ 
tage on a machine in poor repair or not properly set up. In such 
cases allowances must be made at least in the selection of the 
grade of the wheel. Spindles loose in their bearings necessitate the 
use of very much harder wheels than would be used under normal 
conditions. Insecure or shaky foundations cause no end of trouble 
in grinding, because hard grades have to be employed to overcome 
the tendency of the wheel to wear rapidly, and thus cutting qualities 
are sacrificed. 

4. Personal Factor or Skill of the Workman. —The workman's 
knowledge of the tool he is using and of its limitations is an impor¬ 
tant factor in the use of grinding wheels, just as much as in the use of 
other refined tools. It has been found that on hand grinding it is 
possible for grinding costs to vary 100 per cent on the same work 
and with the same kind of a machine in the same factory, owing to 
the difference in the men^s methods of applying the work to the 
wheel. Even in machine grinding, the operator can vary the results 
and grinding costs by his methods of handling the machine. 

I. Factors affecting the selection of the abrasive; 

{ Carbon steels 
Alloy steels 
High-speed steels 
Annealed malleable iron 
Wrought iron 
Tough bronzes 
011c sucitKWi Tungsten, etc. 

fi Gray iron 
Chilled iron 
Brass and bronze 
Aluminum and copper 
Marble 
Granite 
Pearl 
Rubber 
Leather, etc. 


A. Physical properties of 
the material to be 
ground. 
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2 . Factors affecting the selection of the grit: 


A. Amount of material to be removed 

B. Finish desired. 

C. Physical properties of material to 

be ground. 


Use coarse wheels for fast removal 
of stock 

Use fine grain for fine finish 
Use coarse grain for ductile mate¬ 
rials and finer grain for hard, 
dense or brittle materials 


3. Factors affecting the selection of the grade (degree of hardness): 

Use hard wheels on soft materials 
and vice versa 


A. Physical properties of the material 

to be ground. 

B. Arc of contact. 

C. Wheel speed and work speed. 

D. Condition of grinding machine. . . 

E. Skill of operator 


The shorter the contact, the harder 
the wheel should be 
The higher the ratio of wheel speed 
to work speed the softer the 
grade should be and vice versa 
Machines in poor condition require 
harder wheels than machines in 
^ ^ood condition 
/Skilful operator can use softer 
wheels than unskilled man— 
softer wheels mean more eco¬ 
nomical production 
Piece-work grinding usually calls 
for harder wheels than day work 


4. Factors affecting the selection of the process: 


A. Dimensions of wheel 


B, Rate of cutting 


C. Finish desired 


.Wheels subjected to bending 
strains should be made by elastic 
or rubber process 

Extremely thin abrasive saws must 
< be made by the elastic or rubber 
process 

Wneels over 36-inch diameter are 
^ usually made by the silicate 
- process 

/Use vilified wheels for most rapid 
) cutting at speeds under 6,500 
I s.f.p.m.; rubber wheels at higher 
V speed. 

! Use elastic or rubber wheels for 
highest finish, where rapid pro¬ 
duction is not a factor 
Use silicate wheels to replace 
sandstones on cutlery, etc. 


Grinding-Wheel Recommendations 

A grain and grade list such as this reaches its maximum usefulness 
only after its purpose is familiar to the user. The table beginning 
on page 505 lists common grinding operations. The wheel speeds 
on page 498 should be used with the wheels of a size commonly used 
for the work and the machines in good operating condition. 

Grinding wheels are sometimes made of a combination of grains 
and are designated as, for example, 24 combination. A combina¬ 
tion wheel with a mixture of fine, coarse, and medium grain sizes 
has a different cutting action from a straight-grained wheel and is 
desirable for certain operations, particularly cylindrical grinding. 
Such wheels are designated by C, as 24C-K. (See page 505.) 

Speed Tables, Rules for Surface Speeds, Etc. 

The table on page 503 gives the number of revolutions per minute 
atwhichgrindingwneels of diameters ranging from i to 60 inchesmust 
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be operated to secure peripheral velocities of 4,000, 5,000, 5,500, and 
6,000 feet per minute. Ordinarily a speed of 5,000 feet per minute 
is employed, though sometimes the speed is somewhat lower or 
higher for certain cases. 

The exact speed at which any specified wheel should be run 
depends upon several conditions, such as the type of machine, 


Standard Types of Grinding Wheels 



Fig. II. —Types of Wheels Not Shown in List of Standard Shapes 
Are Known as “Non-Standard’* but Can Be Supplied on Order 

character of work and wheel, quality of finish desired, and various 
other factors referred to at other places in this book. Wheels are 
ordinarily run in practice from about 4,000 to 6,000 feet per min¬ 
ute, though in some cases a speed as high as 7,500 feet has been 
employed. An average speed recommended by most wheelmakers 
is 5,000 feet. To allow an ample margin of safety it is recom¬ 
mended that wheel speeds should not exceed 6,000 feet per minute. 

Selecting Grinding Wheels 

Selection of the best grinding wheel for each type of work is not a 
simple matter. Much depends on the machine, the operator, and 
the economical purchase of new wheels. Some consider the life of 
the wheel rather than the amount of work it produces. As with 
other tools, it is economy to secure the greatest possible amount of 
work in the shortest time. This obtains maximum efficiency from 
the men, the machines, and the plant. Although the grinding 
wheels recommended by Norton are still good general guides. 
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Fig. 12.— Standard Faces of Grinding Wheels 


Abrasive wheel makers should be consulted when in doubt as to 
the performance of any grinding wheel. They publish very helpful 
charts and tables, which can also be found in standard handbooks. 
In general, however, the following recommendations can be safely 
followed: 

Use silicon-carbide abrasives on low-tensile materials such as aluminum, 
brass, bronze, cast iron, and plastics. 

Use aluminum oxide abrasives on high-tensile materials such as steel, 
malleable irons, tough bronzes, and other hard materials. 

Use vitrified bonds for cast irons and steels, and shellac bonds for aluminum. 


Wet Belt Grinding 
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feet per minute is 49 per cent greater than in the same wheel running at 4,500 surface feet per minute, although the 
speed is actually only 22 per cent greater. 
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Norton Grinding-Wheel Recommendations 


W ork— M aterial— 
Operation 

—- 

Abrasive 

Grain 

Grade 

Structure 

Bond 

Abrasive 

(Trade 

Mark) 

Bonding 

Process 

Aluminum: 








Cylindrical. 

37 

30 

J 

8 


Crystolon 

Vitrified 

Surfacing (cups or cyl¬ 
inders). 

38 

24 

K 

8 

B 

Alundum 

Vitrified 

Surfacing (straight 

wheel^. 

38 

46 

H 

8 

B 

Alundum 

Vitrified 

Internal. 

37 

46 

K 



Crystolon 

Vitrified 

Snagging (low speed). . 

37 

24 

0 

6 


Crystolon 

Vitrified 

Snagging (high speed). 


30 

N 

4 

T2 

Alundum 

Bakelite 

Cutting-off. 


24 

S 

8 

T2 

Alundum 

Bakelite 

Armatures (laminations): 








Cylindrical. 


36 

L 

S 

B 

Alundum 

Vitrified 

Internal. 


36 

J 

S 

B 

Alundum 

Vitrified 

Ascoloy shafts, cylindrical 

) a ! 

37 

46 

M 

5 


Crystolon 

Vitrified 

Siding.. 


36 

T 

5 

B 

Alundum 

Vitrified 

Edging (scribing). 


20 

R 



Alundum 

Vitrified 

Edging (high speed).. . 


30 

Q 

4 

T2 

Alundum 

Bakelite 

Axles (automobile): 








Centerless. 


46 

Mi 

s 

B 

Alundum 

Vitrified 

Cylindrical. 


46 

L ; 

5 

B 

Alundum 

Vitrified 

Axles (railway and auto- 








mobile), cylindrical.. .. 


46 

L 

5 

B 

Alundum 

Vitrified 

Ball bearings: 








Surfacing cups and 








cones—soft. 

38 

46 

G 


S 

Alundum 

Silicate 

Surfacing cups and 








cones—hard. 

38 

80 

F 


S 

Alundum 

Silicate 

Grind O.D. cups— 








rough and finish. 


80 

M 

6 

B 

Alundum 

Vitrified 

Grind outer race. 


80 

R 

6 

R 

Alundum ’ 

Rubber 

Grind inner race. 


120 

P 

2 

R 

Alundum 

Rubber 

Internal grain bore. . . . 


60 

M 

4 

1 B 

Alundum 

Vitrified 

Balls (hard—large), final 








finish. 

37 

320F 

X 

pA 


Crystolon 

Vitrified 

Balls (hard—small), final 








finish. 

37 

XF 

Z4 

II 


Crystolon 

Vitrified 

Billets (high-carbon and 








high-speed steels): 








Cleaning (high-speed 








swing frames). 


14 

0 

4 

T2 

Alundum 

Bakelite 

Cleaning (flexible shaft) 


20 

0 

5 

B 

Alundum 

Vitrified 

Billets (stainless and alloy 








steels): 








Cleaning (high-speed 








swing frames). 


12 

s 

4 

T3A 

Alundum 

Bakelite 

Cleaning (flexible shaft) 


20 

R 

7 

B 

Alundum 

Vitrified 

Bits (auger): 








Grinding throats. 


36 

R 


R 

Alundum 

Rubber 

Fluting. 


70 

R 


R 

Alundum 

Rubber 

Bolts (case-hardened 








3 X 061 / • 

Cylindrical. 


60 

L 

5 

B 

Alundum 

Vitrified 

Centerless. 


60 

N 

5 

B 

Alundum 

Vitrified 

Brake shoes (chilled iron), 








snagging. 

37 

20 

S 

5 


Crystolon 

Vitrified 
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Norton Grinding-Wheel Recommendations.— Continued 


Work—Material— 



0 

01 

Vh 

3 

•d 

a 

0 

Abrasive 

(Trade 

Mark) 

Bonding 

Operation 

a 

u 

Xi 

•g 

»o 

a 

2 

Process 


< 

O 

0 


pq 



Brass; 










36 

N 

5 


Crystolon 

Vitrified 

Cylindrical. 

37 

36 

K 

5 


Crystolon 

Vitrified 

Internal. 

Surfacing (cups and 

37 

36 

J 

6 


Crystolon 

Vitrified 

cylinders). 

37 

24 

H 

8 


Cyrstolon 

Vitrified 

Snagging (high speed). 

37 

20 

0 

2 

T2 

Crystolon 

Bakelite 

Cutting-off. 


30 

W 

7 

T 3 

Alundiim 

Bakelite 

Broaches, sharpening.... 
Bronze (soft) use same 
wheels as for brass 
Bronze (hard): 

38 

46 

K 

s 

B 

Alundum 

Vitrified 

Centerless. 

37 

50 

K 

s 


Crystolon 

Vitrified 

Cylindrical. 


46 

K 

5 

B 

Alundum 

Vitrified 

Internal. 

38 

60 

J 

5 

B 

Alundum 

Vitrified 

Snagging. 

20 

0 

8 

B 

Alundum 

Vitrified 

Cutting-off. 

Bushings (hardened steel): 


30 

W 

7 

T 3 

Alundum 

Bakelite 

Cylindrical. 


60 

L 

5 

B 

Alundum 

Vitrified 

Internal. 

38 

60 

K 

S 

B 

Alundum 

Vitrified 

Centerless (rough). 



M 

5 

B 

Alundum 

Vitrified 

Centerless (finish). 

Bushings (cast iron); 


120 

N 

0 

R 

Alundum 

Rubber 

Cylindrical.| 

37 

38 

46 

46 

K 

J 

5 

5 

B 

Crystolon 

Alundum 

Vitrified 

Vitrified 

Internal. 

Cam rollers (hardened 

37 

46 

I 



Crystolon 

Vitrified 

steel); 

Cylindrical. 

38 

60 

N 

6 

B 

Alundum 

Vitrified 

Internal. 

Cams (hardened steel); 

38 

60 

L 



Alundum 

Vitrified 

Rough and finish 








Hand machines. 


70 

P 

8 

T2 

Alundum 

Bakelite 

Automatic. 


70 

0 

8 

T2 

Alundum 

Bakelite 

Cams (cast alloy); 







Rough and finish f 

37 

70 

P 

8 

T2 

Alundum 

Bakelite 

(hand machines). . 1 

60 

Q 

1 6 

T2 

Crystolon 

Bakelite 

Rough and finish (au- | 

37 

70 

0 

8 

T2 

Alundum 

Bakelite 

tomatic machines). | 

60 

P 

1 ^ 

T2 

Crystolon 

Bakelite 

Camshaft bearings, cylin¬ 







drical. 

Car wheels (chilled iron), 


46 

N 

S 

B 

Alundum 

Vitrified 

cylindrical. 

Car wheels (steel), cylin¬ 


16C 

N 



Alundum 

Vitrified 

drical. 

Car wheels (manganese 


20 

P 

5 

B 

Alundum 

Vitrified 

steel), cylindrical. 


16 

0 

8 

B 

Alundum 

Vitrified 

Carbon (soft), cutting-off. 
Carbon (hard-round- 

small); 

Centerless. 

37 

16 

R 


R 

Crystolon 

Rubber 

37 

36 

N 

5 


Crystolon 

Vitrified 

Cutting-off. 

Carbon (hard-round- 

37 

46 

R 

6 

T2 

Crystolon 

Bakelite 

large), cutting-off. 

Card clothing; 

37 

46 

R 

6 

T2 

Crystolon 

Bakelite 

Pointing tips. 

3 S 

100 

s 


R 

Alundum 

Rubber 

Cylindrical. 

16 

0 

1 S 

B 

Alundum 

Vitrified 
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Work—Material— 
Operation 

Abrasive 

Grain 

Grade 

Casein: 

Cutting-off. 

37 

46 

P 

Cylindrical. 

37 

46 

J 

Cylindrical (form grind¬ 
ing). 

37 

100 

M 

Surfacing. 

37 

36 

H 

Cast iron: 

Centerless. 

37 

46 

L 

Cutting-off. 

37 

36 

R 

Cylindrical. 

37 

36 

T 

Internal. 

37 

46 

J 

Surfacing (cups and 
cylinders). 

37 

16 

H 

Surfacing (straight 

wheels). 

37 

30 

I 

Snagging (low speed). | 

37 

16 

30 

S 

R 

Snagging (low speed 
portable).'. 

37 

16 

S 

Snagging (high speed). 

37 

16 

S 

Chain links (annealed 
malleable iron and 
steel): 

Snagging (low speed). . 


20 

0 

Snagging (high speed). 
Chasers (thread): 


16 

P 

Surfacing. 

38 

a 6 

J 

Grinding throats. 

Chilled iron: 

Snagging (high speed) 

37 

60 

16 

M 

0 

Snajpfging (low speed). . 
Surfacing (cups and 
cylinders). 

37 

16 

R 

38 

24 

I 

Surfacing (straight 

wheels). 

37 

36 

I 

Cylindrical (see Rolls) 
Chisels (air-driven): 


24 

0 

Chromium plating: 

Good commercial finish 

38 

60 

L 

Excellent commercial 
finish. 

80 

K 

High finish. 


500 

I 

Commutators: 

Rough (resurfacing 

stones). 

37 

SO 

K 

Finish (resurfacing 

stones). 

37 

100 

K 

Rough and finish 

(wheel). 

37 

60 

M 

Connecting rods: 

Internal. 

38 

60 

K 

Surfacing (cups and 
cylinders). 

38 

24 

J 

Copper: 

Tubes (cylindrical). . . . 

37 

70 

J 

Cylindrical (also see 
Rolls). 


60 

L 


j Structure 

Bond 

Abrasive 

(Trade 

Mark) 

Bonding 

Process 

1 

6 

T2 

Crystolon 

Bakelite 

5 


Crystolon 

Vitrified 



Crystolon ' 

Vitrified 

6 


Crystolon 

Vitrified 

5 


Crystolon 

Vitrified 

8 

T2 

Crystolon 

Bakelite 



Crystolon 

Vitrified 



Crystolon 

Vitrified 

7 


Crystolon 

Vitrified 

8 


Crystolon 

Vitrified 



Crystolon 

Vitrified 

7 1 

B 

Alundum 

Vitnfied 

i 

5 i 


Crystolon 

Vitrified 

2 

T 3 

Crystolon 

Bakelite 

8 

B 

Alundum 

Vitrified 

4 

T2 

Alundum 

Bakelite 

S 

B 

Alundum 

Vitrified 

4 

L 

Alundum 

Shellac 

2 

T2 

Crystolon 

Bakelite 

5 


Crystolon 

Vitrified 

8 

B 

Alundum 

Vitrified 

8 


Crystolon 

Vitrified 



Alundum 

Vitrified 

5 

B 

Alundum 

Vitrified 

5 

L 

Alundum 

Shellac 

9 

L 

Alundum 

Shellac 

3 

L 

Crystolon 

Shellac 

5 

L 

Crystolon 

Shellac 

4 

L 

Crystolon 

Shellac 



Alundum 

Vitrified 

8 

B 

Alundum 

Vitrified 

5 

L 

Crystolon 

Shellac 

4 

L 

Alundum 

Shellac 
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Norton Grinding-Wheel Recommendations.— Continued 


Work—Material— 

> 


0) 

0) 

Ih 

S 

*0 

a 

0 

Abrasive 

(Trade 

Mark) 

Bonding 

Operation 


1 

•0 

eSj 

e 

Process 


< 


0 

w 




Copper Coni,: 








Cutting-off (low speed). 
Surfacing (cups and 

37 

24 

R 


R 

Crystolon 

Rubber 

cylinders). 

37 

14 

I 

7 


Crystolon 

Vitrified 

Couplers and draw bars: 







Snagging (slow speed). 


10 

U 



Alundum 

Vitrified 

Snagmng (high speed). 
Crankshafts: 


12 

R 

4 

T2 

Alundum 

Bakelite 

Airplane. 

38 

6o 

K 

5 

B 

Alundum 

Vitrified 

Diesel 

Crankshafts, automotive: 

46 

L 

5 

B 

Alundum 

Vitrified 


(pins and bearings) 
Rough—heavy-side re- 








moval. 

light-side re- 


36 

0 

3 


Alundum 

Vitrified 

moval. 


46 

P 

s ■ 


Alundum 

Vitrified 

Finish. 


50 

N 

5 


Alundum 

Vitrified 

Rough and finish. 

Cutlery: 


46 

0 

5 


Alundum 

Vitrified 

Knives—butcher 








Hemming 








Carbon steel. 


46 

M 

4 

L 

Alundum 

Shellac 

Stainless steel. 

Offhand 


46 

L 

4 

L 

Alundum 

Shellac 

Surfacing sides.... 


ISO 

I 


S 

Alundum 

Silicate 

Knives—^paring 








Hemming 








Carbon steel. 


100 

P 

6 

V 

Alundum 

Shellac 

Stainless steel. 


100 

0 

6 

V 

Alundum 

Shellac 

Knives—pocket 








Hemming 








Carbon steel. 


100 

P 

6 

V 

Alundum 

Shellac 

Offhand—rough. 


100 

N 


s 

Alundum 

Silicate 

finish. 


220 

Q 


s 

Alundum 

Silicate 

Swaging. 


60 

Q 

5 

B 

Alundum 

Vitrified 

BacKs. 


46 

p 

5 

B 

Alundum 

Vitrified 

Tangs. 


60 

P 

5 

B 

Alundum 

Vitrified 

Edging. 

Knives—table 

37 

400 

0 



Crystolon 

Vitrified 

Hemming 








Carbon steel. 


60 

M 

4 

L 

Alundum 

Shellac 

Stainless steel. 


60 

L 

4 

L 

Alundum 

Shellac 

Cylinders, automotive 








(cast iron): 








Internal (wheels). 

Honing (new cylinders, 

37 

36 

H 

9 


Crystolon 

Vitrified 

sticks) 

Commercial finish.. . 

37 

150 

M 

7 


Crystolon 

Vitrified 

Honing (new cylinders, 








sticks) 

Mirror finish. 

37 

500 

J 



Crystolon 

Vitrified 

Rehoning, (sticks, 








roughing). 

Rehoning (sticks, fin¬ 

37 

! 60 

N 

5 


Crystolon 

Vitrified 

ishing). . 

37 

120 

L 

6 


Crystolon 

Vitrified 

Dies (forging), cleaning.. 

60 

P 



Alundum 

Vitrified 
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Work—Material— 

u 

> 



£ 


Abrasive 


Operation 

tH 

’rt 

•o 

ca 

0 

e 

a 

(Trade 

Mark) 

Process 


< 

0 

0 





Dies (threading), cham¬ 
fering (cone wheel). . . . 
Dies (drawing): 


80 

0 

5 

B 

Alundum 

Vitrified 

Cleaning. 

Surfacing (cups and 


60 

L 

5 

B 

Alundum 

Vitrified 

cylinders). 

Surfacing (straight 

38 

24 

J 

8 

B 

Alundum 

Vitrified 

wheels). 

38 

46 

I 

8 

B 

Alundum 

Vitrified 

Drills: 






Cutting-oflF (high speed) 


36 

R 

8 

T2 

Alundum 

Bakelite 

Cutting-off (lowspeed). 


60 

P 

7 

T2 

Alundum 

Bakelite 

Cylindrical. 

Centerless (soft) 


50 

N 

5 

B 

Alundum 

Vitrified 

through feed. 

Centerless (hard) in 


60 

M 

S 

B 

Alund u :n 

Vitrified 

feed. 


80 

N 

6 

B 

Alundum 

Vitrified 

Precision sharpening... 

38 

46 

M 

5 

B 

Alundum 

Vitrified 

Point thinning. 

Drills (small): 

60 

N 

5 

B 

Alundum 

Vitrified 


Fluting. 


46 

R 

0 

R 

Alundum 

Rubber 

Offhand sharpening.... 


60 

N 

5 

B 

Alundum 

Vitrified 

Offhand sharpening.... 
Drills (large): 


60 

R 

0 

R 

Alundum 

Rubber 

Fluting. 

Offhand sharpening 


46 

P 

5 

B 

Alundum 

Vitrified 

(wet). 


36 

P 

5 

B 

Alundum 

Vitrified 

Files, surfacing. 

Forgings: 


36 

0 

5 

B 

Alundum 

Vitrified 

Centerless. 


60 

M 

5 

B 

Alundum 

Vitrified 

Cylindrical 


46 

M 

5 

B 

Alundum 

Vitrified 

Snagging (high speed). 


16 

P 

4 

T2 

Alundum 

Bakelite 

(low speed). . 


20 

0 

8 

B 

Alundum 

Vitrified 

Frogs and switches (man- 
^nese steel): 

Offhand grooving 









(portable machines). 
Semi-precision groov- 


14 

0 

5 

B 

Alundum 

Vitrified 

ing 








(planer-type ma¬ 








chines). 


16 

Q 

S 

B 

Alundum 

Vitrified 

Snagging. 

Surfacing. 


14 

R 

4 

T3A 

Alundum 

Bakelite 


J 4 

0 

6 

Alundum 

Vitrified 

(jages (plug), cylindrical. 
Gages (U. S. thread, 

38 

do 

K 

6 

B 

Alundum 

Vitrified 

coarse pitch), grinding 
threads. 

38 

120 

K 



Alundum 

Vitrified 

Gages (U. S. thread, me¬ 







dium pitch), grinding 
threads. 

38 

220 

M 



Alundum 

Vitrified 

Gages (U. S. thread, fine 






Vitrified 

pitch), grinding threads 
Gears (cast ironh clean¬ 

38 

220 

M 



Alundum 


ing between teeth (off¬ 
hand). 

37 

36 

R 

0 

R 

Crystolon 

Rubber 

Gears (hardened steel): 






Form precision grind¬ 
ing. 

38 

60 

K 

5 

B 

Alundum 

Vitrified 
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Abrasive 

(jrain 

Grade 

Structure 

Bond 

Abrasive 

(Trade 

Mark) 

Bonding 

Process 

1 

L 

. 38 

60 

J 

5 

B 

Alundum 

Vitrified 

f 38 

46 

L 



Alundum 

Vitrified 

\ 

1 

46 

L 

S 


Alundum 

Vitrified 

• 

30 

I 

8 

B 

Alundum 

Vitrified 

• 38 

46 

T 

S 

B 

Alundum 

Vitrified 

• 38 

24 

M 

5 

B 

Alundum 

Vitrified 

• 37 

120 

R 

0 

R 

Crystolon 

Rubber 

• 37 

36 

J 

6 


Crystolon 

Vitrified 

• 37 

60 

H 

9 


Crystolon 

Vitrified 

• 37 

180 

S 



Crystolon 

Vitrified 


150 

N 



Alundum 

Vitrified 


ISO 

N 



Alundum 

Vitrified 

■ 37 

24 

0 

3 

T 4 

Crystolon 

Bakelite 

37 

40 

K 



Crystolon 

Vitrified 

37 

14 

J 

S 

T2 

Crystolon 

Bakelite 


16 

M 

8 

B 

Alundum 

Vitrified 


24 

K 

8 

B 

Alundum 

Vitrified 


46 

R 

0 

R 

Alundum 

Rubber 


24 

0 

5 

B 

Alundum 

Vitrified 


1 46 

N 

S 

B 

Alundum 

Vitrified 


14 

R 

7 

B 

Alundum 

Vitrified 


14 

R 

4 

T2 

Alundum 

Bakelite 


16 

0 

8 

B 

Alundum 

Vitrified 


36 

K 

5 

B 

Alundum 

Vitrified 


36 

K 

5 

B 

Alundum 

Vitrified 


36 

P 

S 

B 

Alundum 

Vitrified 


50 

P 

8 

B 

Alundum 

Vitrified 


30 

J 

3 

L 

Alundum 

Shellac 


36 

N 

S 

B 

Alundum 

Vitrified 


36 

J 

S 

B 

Alundum 

Vitrified 


36 

J 

S 

B 

Alundum 

Vitrified 


36 

M 

5 

B 

Alundum 

Vitrified 


46 

J 

S 

B 

Alundum 

Vitrified 


46 

0 

3 

L 

Alundum 

Shellac 


36 

J 

S 

B 

Alundum 

Vitrified 

19 

36 

J 


S 

Alundum 

Silicate 


Work—Material— 
Operation 


Gears (hardened 
Cont.: 

Generative pn 
grinding. 

Internal. 


steel) 


and 


Surfacing (cups 

cylinders). 

Surfacing (straigh 

wheels). 

Gears (untreated). 

Glass (tubing): 

Cutting-on (low speed 

wet). 

Cylindrical. 

Internal. 

Nicking. 

Glass (windshield): 

Rounding corners. 

Semipolishing edges. . 
Granite: 

Coping. 

Surfacing and mould¬ 
ing. 

Surfacing (portable). 
Guide bars: 

Surfacing (segments or 

cylinders). 

Surfacing (straight 

wheels). 

Hammers (claw): 


Neck grinding. 

Housing (automobile axle) 
Cylindrical. 

Snagging 

Surfacing (segments). . 
Knives (machine): 

Chipper and barker, 

sharpening.. 

Hog, sharpening. 

Leather fleshing, sharp¬ 
ening (bricks). 

Leather shaving, sharp¬ 
ening—cylindrical... 


enin^. 

Moulding, offhand 

sharpening. 

Machine, sharpening.. 

Paper, sharpening. 

Section, bevelling. 

Surfacing backs. 

Sugar beet, routing.... 

Veneer, sharpening., | 
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Work—Material— 

> 



2 

p 


Abrasive 

Bonding 

Operation 

w. 

St 

c 

•3 

u 

*0 

rt 

0 

2 

•d 

a 

0 

(Trade 

Mark) 

Process 


< 

0 

0 

CO 




Links (locomotive), ma¬ 
chine grinding. 

Machine-shop grinding, 


36 

0 

S 

B 

Alundum 

Vitrified 

general offhand. 

Malleable iron, annealed: 


30 

p 

5 

B 

Alundum 

Vitrified 

Snagging (slow speed). 


16 

R 

7 

B 

Alundum 

Vitrified 

Snagging (high speed). 


16 

0 

4 

T2 

Alundum 

Bakelite 

Snaggin^{ (unicast wh.). 
Malleable iron, annealed: 


20 

0 

8 

B 

Alundum 

Vitrified 

Snagging (slow speed). 

37 

16 

T 

5 


Crystolon 

Vitrified 

Snagging (unicast). 

Metallographic speci- 

37 

16 

R 

5 


Crystolon 

Vitrified 

mens: 








1st operation. 


46 

N 

3 

L 

Alundum 

Shellac 

2d operation. 

37 

240 

N 



Crystolon 

Vitrified 

3d operation. 

Monel metal: 

37 

XF 

M 



Crystolon 

Vitrified 

Cutting-off. 


36 

P 

8 

T2 

Alundum 

Bakelite 

Snagging. 


24 

0 

5 

B 

Alundum 

Vitrified 

Cylindrical. 


46 

L 

5 

B 

Alundum 

Vitrified 

Needles, pointing. 

Nitralloy: 


70 

0 



Alundum 

Vitrified 

Before nitriding. 


36 

J 



Alundum 

Vitrified 

After nitriding.| 

37 

38 

100 

60 

I 

H 

8 

B 

Crystolon 

Alundum 

Vitrified 

Vitrified 

Pipe (cast iron), inter-3 

37 

14 

T : 

S 


Crystolon 

Vitrified 

nal).( 

Pipe (soft steel): 

37 

16 

R 

4 

T 3 

Crystolon 

Bakelite 

Cutting-off. 


36 

S 

8 

T2 

Alundum 

Bakelite 

Internal. 

Piston pins: 


20 

p 



Alundum 

Vitrified 

Centerless machine | 

Roughing. 


60 

M 

S 

B 

Alundum 

Vitrified 

Semifinishing. 


60 

M 

5 

B 

Alundum 

Vitrified 

Finishing. 

37 

320 

N 

8 

L 

Crystolon 

Shellac 

Piston rings (cast iron or 








semi St eel): 

Surfacing rough (cylin¬ 
ders) . 

Surfacing (straight 

38 

30 

H 

8 

B 

Alundum 

Vitrified 

wheels). 


.'?o 

L 

5 

B 

Alundum 

Vitrified 

Internal (snagging)... . 
Piston rods (locomotive). 

37 

36 

R 



Crystolon 

Vitrified 

cylindrical. 

Pistons (aluminum): 


46 

M 

5 

B 

Alundum 

Vitrified 

Cylindrical. 

37 

36 

J 

7 


Crystolon 

Vitrified 

Centerless. 

37 

46 

T 

5 


Crystolon 

Vitrified 

Regrinding. 

Pistons (cast iron): 

37 

46 

K 

5 


Crystolon 

Vitrified 

Cylindrical. 

37 

36 

K 

7 


Crystolon 

Vitrified 

Centerless. 

37 

46 

J 

6 


Crystolon 

Vitrified 

Regrinding. 

Plows (steel): 

37 

46 

K 

5 


Crystolon 

Vitrified 

Surfacing. 


20 

g 

S 

B 

Alundum 

Vitrified 

Fitting. 


24 

R 

7 

B 

Alundum 

Vitrified 

Edging and jointing... 


16 

S 



Alundum 

Vitrified 
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Work— Material- 
Operation 


Plows (chilled iron), all 

operations, wet. 

dry. 

Pulleys (cast iron): 

Cylindrical. 

Rough with pulley 
grinder (cylinder 

wheel).... 

Finish with pulley 
grinder (cylinder 

wheel). 

Rails (surfacing welds): 
Wheels (slow speed). . . 
Wheels (high speed). . . 


2 ^ 

I <2 


Abrasive 

(Trade 


Razors (straight): 

Burring. 

Side of tang. 

Concaving. 

Shoulders (shaping aft¬ 
er hardening). 

Edging (roughing). 

Edging (finishing). 

Razors (safety), sharpen¬ 
ing. 

Reamers: 

Backing off. 

Cylindrical. 

Fluting. 

Rifle barrels, cylindrical.. 
Rim (automobile): 

Removing welds (high 

speed). 

Grooving. 

Roller bearing cups: 

Centerless O.D. 

Internal. 

Rollers for bearings: 
Centerless—roughing. . 

finishing. . 

Rolls (brass or copper): 
Cylindrical—roughing. 

finishing. 
Rolls (cast iron): 

Cylindrical (rough).... 
Cylindrical (finish). . . . 
Rolls (alloy chilled iron).. 
Rolls (chilled iron): 
Farrell-type machine 

Roughing.I 

Finishing..* • • • 

Norton-type machine 
(Cylindrical (hot¬ 
plate rolls). 

Cylindrical (dryer 
rolls). 


120 M 
80 K 


46 K 
46 M 


46 L 
100 I 


B Alundum Vitrified 
B Alundum Vitrified 

Crystolon Vitrified 


Crystolon Vitrified 


o R Alundum Rubber 

5 B Alundum Vitrified 

4 T3A Alundum Bakelite 

5 B Alundum Vitrified 

5 B Alundum Vitrified 

S B Alundum Vitrified 

5 B Alundum Vitrified 

8 B Alundum Vitrified 

Alundum Vitrified 

6 B Alundum Vitrified 

5 L Alundum Shellac 


Alundum Vitrified 
Alundum Vitrified 
Alundum Vitrified 
Alundum Vitrified 


o R Alundum Rubber 

R Alundum Rubber 

7 B Alundum Vitrified 

5 B Alundum Vitrified 

8 B Alundum Vitrified 

R Alundum Rubber 

3 L Crystolon Shellac 

9 Crystolon Vitrified 

5 Crystolon Vitrified 

7 Crystolon Vitrified 

4 T2 Crystolon Bakelite 


5 L Crystolon Shellac 

S T2 Crystolon Bakelite 

4 L Crystolon Shellac 


Crystolon 
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Work—Material- 
Operation 


Rolls (hard rubber): 
Cylindrical (rough and 

finish). 

Rolls (soft rubber): 
Cylindrical (rough).. . 
Cylindrical (finishing). 
Rolls (steel, hardened); 
Farrell-type machine | 

Roughing. 

Finishing. 

Norton-type machine 

Cylindrical. 

Cylindrical (polish¬ 
ing). 

Rubber (inking rolls). .. . 
Sad irons: 

Surfacing (cups and 

cylinders). 

Surfacing (offhand).... 

Snagging. 

Safes: 

Snagging. 

Surfacing. 

Sand cores, cutting-off_ 

Saws (band), gumming.^ 

Saws (circular), gum -1 

ming.. . . ( 

Saws (metal cutting), 

gumming. 

Scissors and shears (cast 
iron): 

Surfacing sides of 

blades. 

Scissors and shears (steel): 
Surfacing sides of 

blades (cyl.). 

Grinding flash from 

bows. 

Pointing and shaping. . 
Grinding neck or corner 
Strike-cutting edges. . . 
Resharpening (small 

wheels). 

(large wheels) 

Shovels, edging. 

Spline shafts: 

Centerless. 

Cylindrical... 

Surfacing splines. 

Springs (leaf): 

Grinding eyes. 

Chamfering. 

Springs (coif), squaring 

ends—small. 

large. 


Abrasive 

d 

'U 

u 

0 

Grade 

37 

36 

K 

37 

24 

K 

37 

60 

K 


80 

M 

37 

320 

I 

38 

46 

L 

37 

500 

I 

37 

60 

K 

38 

14 

I 

37 

16 

N 

37 

16 

0 


16 

p 


20 

0 

37 

24 

p 

19 

46 

M 


46 

M 


36 

0 


30 

0 

19 

46 

M 


46 

M 


60 

P 

37 

100 

S 


150 

0 


46 

p 


50 

0 


120 

N 


120 

M 

38 

100 

M 


100 

M 


30 

R 


50 

N 


50 

0 


50 

L 


20 

P 


20 

S 


30 

0 


16 

N 


Abrasive 

(Trade profeL 
Mark) Process 


Crystolon 

Crystolon 

Crystolon 


Alundum 

Crystolon 


Crystolon 

Crystolon 


Alundum 

Crystolon 

Crystolon 

Alundum 

Alundum 

Crystolon 

Alundum 

Alundum 

Alundum 

Alundum 

Alundum 

Alundum 


Crystolon 


Bakelite 

Bakelite 


Shellac 

Bakelite 


Vitrified 

Vitrified 

Vitrified 

Vitrified 

Vitrified 

Bakelite 

Vitrified 

Vitrified 

Bakelite 

Shellac 

Vitrified 

Vitrified 


Alundum 

Alundum 

Alundum 

Alundum 

Alundum 

Alundum 

Alundum 

Alundum 

Alundum 

Alundum 

Alundum 

Alundum 

Alundum 

Alundum 


Vitrified 

Vitrified 

Shellac 

Vitrified 

Vitrified 

Silicate 

Vitrified 

Vitrified 

Vitrified 

Vitrified 

Vitrified 

Vitrified 

Vitrified 

Vitrified 


























SI 4 GRINDING, HONING, AND LAPPING 

Norton Grinding-Wheel Recommendations.— Continued 


Work—Material— 
Operation 


< 


Steel (hardened): 

Centerless. 

Cylindrical. 

Surfacing (cups and 

cylinders). 

Surfacing (straight 

wheels). 

Cutting-off. 

Internal. 

Steel (soft): 

Centerless. 

Cylindrical. 

Surfacing (cups and 

cylinders). 

Surfacing (straight 

wheels). 

Cutting-off . . .. 

Internal grinding. 

Steel (high speed): 

Centerless. 

Cylindrical. 

Surfacing (cups and 

cylinders). 

Surfacing (straight 

wheels). 

Cutting-off. 

Internal. 

High speed. 

Snagging (unannealed 
billets) 

Slow speed. 

High speed. 

Steel (stainless): 

Centerless. 

Cylindrical. 

Surfacing. 

Cutting-off. 

Snagging (billets, high 

speed). 

Steel castings (low car¬ 
bon): 

Swing frame (high 

speed). 

Floor stand (high 

speed). 

Steel castings (manga¬ 
nese): 

(see also Frogs and 
Switches) 


38 

38 

38 

38 

38 


38 

38 

38 


38 

38 

38 

38 


37 

37 

38 


Snagging (high-speed 

swing frame). 

Snagging (high-speed 

floor stand). 

Stellite: 

Cylindrical. 

Offhand (tools). 


Grain 

Grade 

Structure 

Bond 

Abrasive 

(Trade 

Mark) 

Bonding 

Process 

60 

M 

5 

B 

Alundum 

Vitrified 

46 

L 

5 

B 

Alundum 

Vitrified 

30 

G 

8 

B 

Alundum 

Vitrified 

36 

H 

8 

B 

Alundum 

Vitrified 

46 

0 

8 

T2 

Alundum 

Bakelite 

60 

J 



Alundum 

Vitrified 

60 

M 

S 

B 

Alundum 

Vitrified 

46 

N 

5 

B 

Alundum 

Vitrified 

16 

K 

8 

B 

Alundum 

Vitrified 

36 

L 

8 

B 

Alundum 

Vitrified 

24 

S 

8 

T2 

Alundum 

Bakelite 

46 

L 



Alundum 

Vitrified 

60 

L 

S 

B 

Alundum 

Vitrified 

46 

L 

5 

B 

Alundum 

Vitrified 

46 

G 

8 

B 

Alundum 

Vitrified 

46 

H 

8 

B 

Alundum 

Vitrified 

46 

0 

8 

T2 

Alundum 

Bakelite 

46 

J 



Alundum 

Vitrified 

14 

0 

4 


Alundum 

Bakelite 

16 

P 

5 

B 

Alundum 

Vitrified 

16 

M 

2 

T2 

Alundum 

Bakelite 

50 

M 

9 


Crystolon 

Vitrified 

46 

M 

5 


Crystolon 

Vitrified 

36 

H 

8 

B 

Alundum 

Vitrified 

36 

0 

8 

T2 

Alundum 

Bakelite 

12 

S 

4 

T3A 

Alundum 

Bakelite 

14 

0 

4 

T2 

Alundum 

Bakelite 

20 

p 

4 

T2 

Alundum 

Bakelite 

14 

R 

4 

Ts 

Alundum 

Bakelite 

20 

0 

4 

T2 

Alundum 

Bakelite 

46 

M 

5 

B 

Alundum 

Vitrified 

46 

N 

S 

B 

Alundum 

Vitrified 
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W ork— M aterial— 
Operation 

Abrasive 

Grain 

Grade 

Structure 

Bond 

Abrasive 

(Trade 

Mark) 

Bonding 

Process 

Stellite Cont.: 








Surfacing (cups and 








cylinders). 


50 

G 

8 

B 

Alundum 

Vitrified 

Surfacing (straight 








wheels). 

38 

46 

H 

8 

B 

Alundum 

Vitrified 

Drills (pointing—ma- 








chine). 

38 

46 

L 

5 

B 

Alundum 

Vitrified 

(pointing—hand) 


60 

M 

5 

B 

Alundum 

Vitrified 

Cutting-off (low speed). 


60 

P 

7 

T2 

Alundum 

Bakelite 

Tool and cutter. 

38 

46 

J 

5 

B 

Alundum 

Vitrified 

Stove parts (cast iron): 








Snagging. 

37 

24 

T 

5 


Crystolon 

Vitrified 

Taps: 








Squaring ends. 


60 

N 

S 

B 

Alundum 

Vitrified 

Grinding relief. 

38 

80 

J 

6 

B 

Alundum 

Vitrified 

Fluting (small taps). . . 


60 

R 


R 

Alundum 

Rubber 

(large taps).... 

38 

46 

L 

5 

B 

Alundum 

Vitrified 

Threading. 

38 

150 

L 



Alundum 

Vitrified 

Shanks (cylindrical). . . 

38 

80 

M 

6 

B 

Alundum 

Vitrified 

Tools (lathe and planer): 








(Carbon and H.S.S.) 








Light (offhand) 








roughing. 


36 

0 

S ^ 

B 

Alundum 

Vitrified 

finishing. 


60 

N 

5 

B 

Alundum 

Vitrified 

Heavy (offhand). .. . 


30 

0 

5 1 

B 

Alundum 

Vitrified 

Heavy (large wheels) 


24 

P 


S 

Alundum 

Silicate 

Automatic (cup 








wheel). 


24 

M 

5 

B 

Alundum 

Vitrified 

Automatic (straight 








wheel). 


24 

M 

5 i 

B 

Alundum 

Vitrified 

Fixture grinding .... 

38 

46 

K 

5 1 

B 

Alundum 

Vitrified 

(see also Tungsten Car¬ 








bide Alloys) 








Tubes (steel): 








Centerless. 


60 

N 

5 

B 

Alundum 

Vitrified 

Cutting-off. 


60 

R 

2 

RiD 

Alundum 

Rubber 

Tungsten and tantalum 








carbide alloys: 








Offhand roughing. 

37 

60 

I 

9 


Crystolon 

Vitrified 

Offhand sernifinishing.. 

37 

! 80 

H 

9 


Crystolon 

Vitrified 

Offhand finishing. 

37 

100 

H 

9 


Crystolon 

Vitrified 

Fixture grinding (semi- 








offhand) 








Rough sellers. 

37 

60 

I 

9 


Crystolon 

Vitrified 

Gisholt. 

37 

1 60 

I 

9 


Crystolon 

Vitrified 

Sundstrand. 

37 

60 

F 

9 


Crystolon 

Vitrified 

Semifinish sellers. . .. 

37 

80 

I 

9 


Crystolon 

Vitrified 

Gisholt. 

37 

80 

H 

9 


Crystolon 

Vitrified 

Sundstrand. 

37 

90 

F 

9 


Crystolon 

Vitrified 

Surface grinding 
(B & S type) dry 








Rough (tungsten) ( 

37 

80 

G 

9 


Crystolon 

Vitrified 

1 

37 

60 

H 

9 


Crystolon 

Vitrified 

Finish (tungsten). 

37 

100 

G 

9 


Crystolon 

Vitrified 

Rough (tantalum). 

37 

80 

G 

9 


Crystolon 

Vitrified 

Finish (tantalum). 

37 

100 

F 

9 


Crystolon 

Vitrified 

Hydraulic (wet) 
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Norton Grinding-Wheel Recommendations.— Continued 


Work—Material— 
Operation 

Abrasive 

Grain 

Grade 

Structure 

Bond 

Abrasive 

(Trade 

Mark) 

Bonding 

Process 

Tungsten and tantalum 








carbide alloys Cont.: 








Rough. 

37 

60 

I 

9 


Crystolon 

Vitrified 

Finish. 

37 

100 

H 

9 


Crystolon 

Vitrified 

Form grinding. 

37 

100 

H 

9 


Crystolon 

Vitrified 

Sharp angles. 

37 

280 

H 

9 


Crystolon 

Vitrified 

Backing-off. 

37 

60 

H 

9 


Crystolon 

Vitrified 

Milling cutters 








(cups). 

37 

80 

G 

9 


Crystolon 

Vitrified 

Milling cutters— 








straight wheels. 

37 

60 

I 

9 


Crystolon 

Vitrified 

Cylindrical 








Rough. 

37 

60 

I 

9 


Crystolon 

Vitrified 

Finish. 

37 

100 

H 

9 


Crystolon 

Vitrified 

Internal. 

37 

46 

K 

8 


Crystolon 

Vitrified 

Lapping (C. I. plate) 


280 




Norbide* 








Grain 


Lapping—coarse.... 


100 




Diamond 

Bakelite 

Lapping—medium. . 


200 




Diamond 

Bakelite 

Lapping—fine. 


320 




Diamond 

Bakelite 

Centerless. 

37 

80 

I 

9 


Crystolon 

Vitrified 

Tungsten rods; 








Cutting-off. 


ISO 

R 

7 

RiD 

Alundum 

Rubber 

Centerless. 

37 

60 

J 

9 


Crystolon 

Vitrified 

Valve seat inserts: 








Cast iron (roughing). . . 

37 

46 

M 



Crystolon 

Vitrified 

Alloy steel (roughing).. 

38 

60 

N 

6 

B 

Alundum 

Vitrified 

Stellite (roughing). 

38 

80 

I 

8 

B 

Alundum 

Vitrified 

All seats (finishing).... 

37 

ISO 

L 



Crystolon 

Vitrified 

Valve tappets: 








Facing (special tappet 








grinder). 

38 

60 

L 

5 

B 

Alundum 

Vitrified 

Centerless. 


80 

P 

8 

B 

Alundum 

Vitrified 

Cylindrical. 


46 

M 

S 

B 

Alundum 

Vitrified 

Valves (automobile): 








Grinding seats. 


80 

0 

5 

B 

Alundum 

Vitrified 

Cylindrical grinding 








stems. 


46 

N 

5 

B 

Alundum 

Vitrified 

Cutting-off stems. 


30 

W 

7 

T3 

Alundum 

Bakelite 

Centerless grind stems. 


60 

0 

S 

B 

Alundum 

Vitrified 

Welds: 








Smoothing f 

24 

24 

R 

4 

T2 

Alundum 

Bakelite 

(high speed).( 


20 

R 

0 

R 

Alundum 

Rubber 

Smoothing (slowspeed) 


24 

Q 

8 

B 

Alundum 

Vitrified 

Wood (hard), centerless. . 

37 

24 

K 



Crystolon 

Vitrified 

Worms, grinding threads. 

38 

36 

L 

5 

B 

Alundum 

Vitrified 

Wrenches, snagging. 


24 

Q 

S 

, B 

Alundum 

Vitrified 

Wrought iron, snagging. . 


i 

R 

7 

B 

Alundum 

Vitrified 


♦ Trade mark registered, U. S. Patent Office for Norton Boron Carbide, 
B4C. 

grending allowances for various lengths 

AND DIAMETERS 

The following table gives the allowances of the Brown & Sharpe 
Mfg. Co. in rough turning work for the grinding department. Limit 
gages of the “snap’* type are used, the dimensions in the table 
covering work up to 2 inches diameter. 
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Limit Gage Sizes for Lathe Work Which Is to Be Finished 
BY Grinding 

Brown & Sharpe Mfg. Co. 


Size 

Not go 
on 

Go on 

Size 

! 

Not go 
on 

Go on 

Size 

Not go 
on 

Go on 

Inches 

Inches 

1 Inches 

1 

0.383 

0.387 


0.9455 

0.9495 


1.508 

1.512 

iV 

0 . 44 SS 

0.4495 

I 

1.008 

1.012 

I A 

1.570s 

I .5745 


0. S08 

0.512 

I A 

I.070s 

I .0745 


1.633 

1.037 

A 

0.570s 

O.S 74 S 

I i 

1.133 

1.137 

III 

1.6955 

1.699s 

« 

0.633 

0.637 

IA 

I.I 9 SS 

I .1995 

I 1 

1.758 

1.762 

H 

0.695s 

0.699s 

I I 

1.258 

1.262 

lii 

1.8205 

1.824s 

i 

0.758 

0.762 

1* 

1.3205 

1.3245 

I 1 

1.883 

1.8875 

H 

0.820s 

0.824s 

I 1 

1.383 

1.387 

III 

1.9455 

1.949 


0.883 

0.887 

1 * 

1-4455 

I .4495 

2 

2.008 

2.012 


MAGNETIC CHUCKS 

Magnetic chucks have come to be a very necessary part of the 
equipment of any surface-grinding machine, whether plain or 
rotary. Before their coming it was customary to bed thin work in 
wax on the platen of a grinder in order to finish the flat sides. Other 
flat work had to be held in ‘‘fingers’^ on special fixtures, and on 
account of their being very thin and easily sprung, it was difficult 
to secure really accurate work. 

The magnetic chuck holds the thinnest pieces of iron or steel 
firmly, draws down any slight spring in the work, and prevents 
springing when strains are released during the grinding operations. 

The chuck face is divided into magnet poles, separated by babbitt, 
or other nonmagnetic metals, and coils of insulated wire from these 
poles into electromagnets when current is applied. For rotary 
work, the electric current is supplied by brushes running against 
insulated contact rings on the outside. Current can be supplied 
from any incandescent-lamp socket on a direct current circuit. 

Alternating current cannot be used. 

A chuck having a face 10 X 14 inches uses about one-half as 
much power as a 16 candle-power lamp. 

Hints for Using Magnetic Chucks 

The chucks should not be taken apart. 

Nothing but iron or steel can be held on the chucks. 

The holding power depends on the amount of work surface in con¬ 
tact with the chuck. 

Work can be held on edge by using adjustable back rest. 

Very thin work can be held for grinding on the edges by laying it 
against the back rest and backing it up with a parallel strip. 

Thin work will not hold so well as thick work. 

In packing a number of small pieces on a chuck at one setting, it 
is better to separate them a little with strips of non-magnetic 
material. 
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Do not plug up the vent holes in the chuck. 

Keep water away from the switch, the brushes, and the interior of 
the chuck. 

Magnetic chucks do not take the place of all other chucks. 

Do not use water on chucks except where they are made for it. 

Chucks are usually wound for no or 220 volts for direct current 
only. 

Permanent-Magnet Chucks 

Permanent-magnet chucks, which avoid the necessity for any 
electrical connections, are made by the Brown & Sharpe Mfg. Co. 
Special alloy magnets are strong enough for grinding operations and 
for light lathe work, when made in round form. A movable chuck 
face by-passes the magnetic flux when the handle is turned to the 
“off” position. 

After placing the work, a movement of the handle sends the mag¬ 
netic flux through the work. The amount of holding power can be 
varied by the position of the handle. With the face of the chuck 
partially energized, the work can be easily tapped into exact posi¬ 
tion. With wet grinding there is no danger of damaging the chuck 
in any way. 

CENTERLESS GRINDING 

Modern centerless grinding machines comprise a high-speed 
grinding wheel and an opposed slowly moving regulating wheel, 
forming a grinding throat. A work rest suitably supports the work 
in this throat and the several parts are relatively adjustable for 
different sizes and varieties of work. 



Fig. 13. —Centerless Grinding 


The action of the grinding wheel forces the work against the 
work rest owing to the cutting pressure and also against the regu¬ 
lating wheel by virtue of what may be called the “cutting contact” 
pressure. This pressure, aided by the gravity component of the 
work, keeps the piece being ground in contact with the regulating 
wheel. This wheel provides a continuously advancing frictional 
surface ensuring constant and uniform rotation of the work at the 
same peripheral velocity as that of the regulating wheel. 

Average roughing cuts are from 0.005 to 0.008 inch per pass, and 
finishing cuts range from 0.003 to 0.0015 inch per pass. When 
work is relatively straight but out of round, the regulating wheel 
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should be set at a slight angle, giving a small lap per revolution. 
When pieces are warped, as from hardening, an angle of 5 or 6 
degrees will give a wide lap per revolution and straighten the work. 
With the proper angle for best results, the speed of the regulating 
or feed wheels should be increased to the limit established by the 
requirements of accuracy and production. 

There are three main classes of centerless grinding, namely, 
through-feed, in-feed, end-feed. 

Through-Feed 

Through-feed grinding is accomplished, as the name implies, by 
passing the work through or between the grinding and regulating 
wheels. Grinding takes place as the work passes from one side 
of the wheels to the other. Obviously, since all points on the work 
pass all contact points between the wheels, only straight cylindrical 
surfaces without interfering shoulders can be ground by this method. 

The axial movement of the work past the grinding wheel is 
imparted by the regulating wheel. 

Machine is arranged in such a manner that the regulating wheel 
can be swung about a horizontal axis from zero to 7 or 10 degrees 
relative to the axis of the grinding-wheel spindle. 

The speed of the regulating wheel and the diameter of the regulat¬ 
ing wheel also influence the feeding rate of the work. It is often 
necessary to pass work between the wheels more than once. The 
number of passes is determined by the amount of stock to be 
removed, the condition of the work as to roundness and straight¬ 
ness, the quality of the material, and the limits of accuracy required. 

With this method there is a fixed relation between the grinding 
wheel, regulating wheel, and the work-supporting blade. The 
wheels are adjusted so that the distance between their active sur¬ 
faces, together with the height of the work blade, determines the 
diameter of the ground piece. The centers of the wheels are sta¬ 
tionary during grinding operations and require slight readjustments 
from time to time to compensate for the wear of the grinding wheel. 

A work rest or fixture, which provides means for holding the 
blade, incorporates adjustable guides, to both the front and rear 
of the wheels. These guides must be accurately aligned with the 
regulating wheef face to insure the work traveling in a straight line. 

In-Feed 

In-feed method is usually employed when grinding work that 
has a shoulder, head, or some portion larger than the ground 
diameter. The same niethod is used for the simultaneous grinding 
of several diameters of the work as well as for finishing pieces with 
taper, spherical, or any other irregular profile. 

In general, this method corresponds to the pluiige-cut or form 
grinding on the center-type grinder. 

The length of the section or sections to be ground in any one 
operation is limited by the width of the grinding wheel. 

As there is no relative axial movement of the work, the regulating 
wheel is set with its axis approximately parallel to that of the 
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grinding wheel. A slight angle is maintained to keep work tight 
against an end stop. 


End-Feed 

The end-feed method is used only on taper work. The grinding 
wheel, the regulating wheel, and the blade are set in a fixed relation 
to each other, and the work is fed in from the front, manually or 
mechanically, to a fixed-end stop. Either the grinding or the 
regulating wheel, or both, are dressed to the proper taper. 

Regardless of the method employed, the grinding of the smaller 
size work can be assisted by use of a magazine, gravity chute, or 
hopper feeds, provided the shape of the piece will permit the use 
of such devices. 

The increase in the application of the centerless method of grind¬ 
ing to precision work is directly due to the following factors: 

1. Saving in cost effected by the elimination of the centering 
operation. 

2. Owing to the complete support of the work, the grinding wheel 
can be made to remove metal at maximum efficiency. 

3. Material reduction of idle or nongrinding time in the grinding 
cycle. 

4. The centerless-grinding method permits work to be rounded 
up with approximately half the surplus stock necessary for other 
types of cylindrical grinding which materially reduces the wheel 
cost per piece ground. 

The modern centerless grinding machine sizes oij the diameter 
and not on the radius, thereby automatically doubling the factor 
of safety in securing precision. On in-feed or plunge-cut work, 
the control of size is obtained by the utilization of the principle 
of leverage applied at a considerable radius terminating in a dead 
stop. 

The design of the machine and the class of work on which it is 
generally employed lend themselves favorably to the application 
of automatic-hopper feeds for both through-feed and in-feed work. 
Another factor is the automatic compensation for grinding-wheel 
wear, by which means the size of work produced is automatically 
maintained within extremely close limits of accuracy. Centerless 
grinding machines are now made for internal work, which is revolved 
between two wheels while an internal spindle does the work. 

INTERNAL GRINDING 

Recommended Stock Conditions for Internal Grinding^ 

There are many factors which govern conditions of holes, such 
as straightness, out-of-roundness, eccentricity with the locating 
points, and condition of the surface in the rough hole. However, 
It is felt that the following will be helpful for use under general 
conditions, but, where pieces are ground in large quantities and 
stock and heat-treating conditions are carefully controlled, less 
stock may be left in order to reduce the cost of grinding. The 
figures are for the stock left in the holes as they come to the grinder, 

1 Lewis A. Hastings. 
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whether soft or heat-treated, and for lengths two to three times 
the diameter. Longer holes usually require more stock, as do 
out-of-round holes and those that are not true with the finished 
hole to be produced. 


Hole 

Diameters, 
IN Inches 

i to/, 
T« to f 
I to I 
I to ij 
li to 2i 
2I to 4 
4 to 6 
6 to 8i 
8J to 10 


Recommended 
Stock Left 
FOR Grinding, 
IN Inches 
0.005 to 0.007 
o. 006 to o. 008 
0.008 to 0.010 
0.010 to 0.012 
0.012 to 0.015 
0.015 to 0.018 
0.020 to 0.025 
0.025 to 0.030 
0.030 to 0.035 


The Importance of Truing Wheels 

The proper truing of grinding wheels is often neglected in internal 
grinding, even though it is of major importance. Wheels dressed 
or trued by tools held in the hand or not rigidly supported are not 
true in contour and the cutting surface is not parallel to the finish 
surface being ground, nor do such dressed wheels run in proper 
balance. Wheels dressed in this way will not cut free or produce 
the finish required. 

To true or dress wheels properly for internal grinding, fixed 
diamonds are usually the most satisfactory and the truing member 
should be securely clamped and the wheel passed by the truing 
member with a uniform feed. Power-control feeds usually produce 
the best results. 


Wheel Width and Diameter 

It is general practice in internal grinding to use as short stubby 
wheel spindles as possible, and, where narrow surfaces are being 
ground, the wheel is usually permitted to uncover half the width 
of the work. However, where the width of the work is wider than 
the width of the wheel, the wheel usually withdraws from the hole 
half the width of the wheel. In this way, straight holes are 
obtained without bell mouthing. To aid in choosing the width 
of wheel for a given size of hole, the widths of wheel shown in the 
following table are recommended practice: 


Hole 

Diameters, 
IN Inches 

i to li 


li to s 
5 to 10 


Suggested 
Width of Wheel, 

IN Inches 

Use the nearest standard wheel 
shape that has a width approxi¬ 
mately equal to the wheel 
diameter 
I to li 
ij to 2 
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When there are short ports or openings in the hole being ground, 
wheels wide enough to span the openings will prevent grinding low 
places adjacent to the openings. Where the openings are too long 
to span with the wheel, narrow wheels will reduce the wheel pressure 
and produce more accurate surfaces. There is no definite rule 
which can be made to cover all conditions, as experience will 
determine the best wheel for a job. 

The following table has been prepared to aid in obtaining the 
proper diameter of wheel for a given size of hole. It will be noted 
that there are two columns given to wheel diameters. One is 
for the diameter of wheel to be purchased, and the other is the 
diameter to dress a new wheel to make suitable for grinding. The 
diameter to which the new wheel is dressed is the dimension of 
the wheel after the first dressing and is a suitable size to commence 
grinding with. However, when purchasing, it is necessary to secure 
the next largest standard wheel for holes of larger diameter than 
the desired wheel. When the diameter of the wheel given is the 
size of the wheel before dressing, it is only necessary merely to true 
up the wheel in such cases. 


Diam¬ 
eter of 
Hole 
to Be 
Ground, 
Inches 


Diam¬ 
eter of 
Wheel 
to Pur¬ 
chase 


•V 

i 

i 

i 


Diameter to Dress 
a New Wheel to 
before Grinding to 
Make Suitable 
for Grinding 


Diam¬ 
eter of 
Hole 
to Be 
Ground 


|^(round up only) 

|^(round up only) 

I fround up only! 
I (round up only] 
I (round up only) 
I i (round up onl] 

1 \ (round up onl3 
IJ (round up onl] 
[I (round up onl] 
[| (round up onl] 
[ * (round up onl] 
[ I (round up onb 

2 (round up only^ 
2} (round up onb 
2 J (round up onl: 


3 

3 ? 

3 i 

4 

4 i 

4i 

5 

5 \ 

5 j 

5 i 

6 
61 
6| 
6} 
7 


7 l 

8 

81 

9 

9 h 


Diam¬ 
eter of 
Wheel 
to Pur¬ 
chase 


Diameter to Dress 
a New Wheel to 
before Grinding to 
Make Suitable 
for Grinding 


2 

2 

3 

3 } 

3 ? 

31 

3l 

3 l 

4 
4 
4 

4 
4 ) 
41 
41 
41 

5 


2l (round up only) 
21 (round up only) 

3 (round up only) 
3 i (round up only) 
3 1 (round up only) 
3 l (round up only) 
31 (round up only) 
3 l (round up only) 

4 (round up only) 

4 (round up only) 

4 (round up only) 

4 (round up only) 
4l (round up only) 
4l (round up only) 
4 } (round up only) 
4l (round up onlv) 

5 (round up only) 


Sl si (round up onlv) 

6 6 (round up only) 

61 61 (round up onlv) 

7 7 (round up only) 

7 7 (round up only) 

7 7 (round up only) 


All measurements in inches. 


Cutting-Off Wheels 

Abrasive wheels for cutting are being used extensively for metals 
and for such materials as plastics, glass, porcelain, tile, asbestos, and 
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the like. Shellac, rubber, and resinoid bonds are used for these 
wheels. Some consider 2 inches as the maximum steel bar to be 
cut by this method, but some of the newer machines are cutting 
larger stock. Tubing is cut in much larger sizes. Shellac bonds 
are used in cutting tool steels. Wheels as thin as 0.005 inch are 
made with rubber bond for slotting pen nibs. Wheels 0.02 to 
0.025 inch thick are used for cutting tungsten rods, and glass tubing 
is cut with wheels 0.030 to 0.062 inch thick. Resinoid bonds permit 
speeds up to 16,000 surface feet per minute. 

Makers of cutting-off wheels should be consulted as to kind of 
wheel and the best speed for special materials and all unusual 
conditions. 


Diamond Grinding Wheels 

Norton diamond wheels are made of diamond (bort) particles, 
held in a bakelite bond and are recommended only for extremely 
hard materials, such as carbide tools. Surface speeds of from 4,500 
to 6,000 feet are recommended, with table or work travel of from 
100 to 500 inches per minute. Cross feeds of 0.030 to 0.060 inch 
and vertical or fw-feeds of 0.00025 to 0.002 inch arc recommended. 
Unless ample coolant can be used, the surface speed of the wheel 
should not exceed 3,000 feet per minute. 

If wheels load or glaze from running dry, a light application of a 
pumice stick or fine abrasive cloth will remove the loading. A light 
lapping of the rim of a cup wheel with 320-grain crystolon abrasive 
and water on a cast-iron plate will give maximum sharpness and 
restore a plane surface. Light cuts on a surface of hard high-speed 
steel will true a straight wheel. 

A grinding compound sufficiently alkaline to prevent rusting is 
better than oil or clear water. Light spindle oil can however be 
applied to the wheel by a wick where other means are not available. 
All wheels are of the same hardness but the grain sizes available are: 


No. 100. I'or fastest grinding and lapping. 

No. 220. For producing keen cutting edges. 

No. 320. For small finishing tools and fine finishes. 

No. 500. For extremely fine finishes. 


The maker suggests the following precautions: 

Mount the wheel so that it runs tr»’e. 

Keep the wheel on its individual collet until it is worn out. 

Use on extremely hard materials only. . . 

Undercut the steel shank on cemented carbide-tipped tools before grinding 
the carbide. ^ ^ 

Be sure the grinding face of the wheel is lubricated at all times. 

Dress the wheel if it should become loaded or glazed. 

Don’t attempt to true the wheel with a diamond. 

Don’t remove the wheel from its collet. 

Don’t operate the wheel dry. 

Don’t grind steel or other relatively soft, tough materials, except for a 
light finishing cut. 


POLISHING 

Polishing” is a term commonly used to desipate that branch 
of grinding which employs various types of jdelding and cushion 
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wheels, and flexible belts, the surfaces of which are covered or 
impregnated with some sort of abrasive. Polishing is sometimes 
referred to as “flexible grinding.”- 

Flexible- vs. Solid-Wheel Grinding 

It is not possible definitely to classify all work which should be 
done by flexible grinding in preference to solid-wheel grinding. 
There is considerable overlapping, and on some jobs an actual test 
would have to be made in order to determine the better method to 
employ. 

In the manufacture of small parts from sheet or strip stock, it 
has been found advantageous to polish the sheets or strips before 
stamping. The smoother surface decreases wear and tear on dies, 
and the fabricated part requires only such “touch-up” polishing 
as may be necessary to remove slight drawing or stamping marks. 
Automatic machines are now available for polishing sheet metals. 

Parts or surfaces of irregular contour which require the reduction 
of size or shape to approximate dimensions can usually be ground 
economically on flexible wheels, provided the amount of material 
to be removed is not too great. Good examples of flexible grinding 
of this kind are the surfacing of plows and the shaping of axes. 

As a rule flexible wheels tend to follow the original contour of 
the surface being ground, and, if it is necessary to materially change 
the shape of a part, it is better to use solid wheels. Work which 
has been ground with solid wheels is frequently polished or buffed 
afterwards, and, if the grinding has been accurately done, the 
polished surface will possess accuracy as well as luster. 

Types of Wheels and Belts 

There are many types of wheels and belts used for flexible grind¬ 
ing and polishing, each of which has certain characteristics which 
adapt it to certain kinds of work. 

Cloth polishing wheels are made by gluing together sections of 
sewed pieced buffs. They are used for much the same class of 
work as the disc canvas wheels but are softer and more flexible. 

Wool-felt wheels are manufactured from discs of woven felt 
from to } inch thick. They provide a stiffer wheel than the 
cloth polishing wheel, owing to the thickness of the felt discs. They 
hold a flatter face and have less tendency to mush or round over 
on the corners. 

Solid-felt wheels are made from a fine grade of felt in several 
qualities—fine or coarse. When coated with abrasives, they 
provide a wheel with a yielding character but with a face which is 
solid and unbroken as differentiated from wheels built up of discs. 

Walrus hide, because of its great thickness and open porous 
character, is very valuable for making polishing wheels. It is 
possible to make wheels up to li inches.thick from a single piece of 
this hide. It is used for certain fine finishes. It is extensively 
used in the silver and jewelry trades with the finer grades of pow¬ 
dered abrasives applied by moistening the abrasives and simply 
forcing them mto the pores or fibers of the leather. Walrus wheels 
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are occasionally used with the coarser abrasives glued on in the 
manner common to other wheels. 

Sheepskin wheels are made by cementing or sewing together 
discs of sheepskin. The cemented wheels are quite soft, but the 
sewed ones are even more so. These wheels are suitable for fine 
finishing and buffing of soft metals. The hand-sewed wheel is 
used extensively in the jewelry trade. 

Leather-covered wheels are made of laminated wood cenffers 
covered with a strip of “back’’ leather, the best quality of the 
hide usually used in belting. These are in common use and are 
particularly adapted for flat work and for work where it is neces¬ 
sary to maintain sharp corner outlines. 

Leathers of various thicknesses and degrees of hardness can be 
used to suit individual conditions. 

Bull-neck wheels are made by cementing together discs of bull- 
neck leather of fairly uniform thickness, liull-neck leather, as 
differentiated from back leather, is softer, more spongy, and has a 
more open grain. The hardness and quality of the wheels can be 
varied by using leathers of different thicknesses, thick discs making 
softer wheels than thin discs. 

Disc canvas wheels are usually of two general kinds of construc¬ 
tion, the glued wheels and hand-sewn wheels. The hardest wheels 
are those made by gluing together the individual discs of canvas 
into a solid wheel. More flexible wheels are manufactured by sew¬ 
ing together several layers of the canvas into sections and then 
gluing the sections together into the solid wheel. The flexibility 
of the face may be increased by not gluing the sections all the way 
out to the periphery. 

Compress polishing wheels are made from rectangular pieces of 
leather, canvas, felt, paper, or other material arranged radially and 
compressed to form a ring or cushion. This ring is assembled 
between two metal side plates which engage in annular grooves 
in the sides of the ring and hold the section intact. 

Buffs 

Buffs are manufactured in two general forms—loose or open buffs 
and sewed pieced buffs. The loose buffs are made from closely 
woven firm cotton fabrics of various grades and weaves as may 
be required. liach layer is a fuh-size disc. These are usually held 
together with one row of sewing near the center hole. 

Sewed pieced buffs are manufactured with the discs comprised 
of several strips or pieces with outside full discs as covers, the whole 
assembly held together with rows of machine sewing usually i or 
I inch apart. 

Both of these buffs are used with tripoli, crocus, levigated 
alumina, rouge, and other buffing compositions. Sewed pieced 
buffs are extensively used in the manufacture of the cloth polishing 
wheels. Buffs made of Canton flannel or wool are used on such 
materials as hard rubber, Bakelite, and precious metals. 

Polishing belts are endless and are usually made of canvas. 
These are sometimes supported on leather belts and sometimes 
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cushion wheels are used as a backing for the belt. On some classes 
of work, these belts are very efficient. 

Importance of Proper Grain 

The abrasive grain used in connection with flexible grinding or 
polishing is of great importance because it is the cutting or abrading 
medium which does the actual work. Natural abrasives were 
formerly used almost exclusively, but artificial abrasives of the 
aluminous type have very largely displaced them. Silicon carbide 
abrasives are seldom used for polishing. 

The quality of natural abrasives cannot be controlled. Even 
the best grades may contain as high as 35 to 40 per cent impurities, 
largely iron oxide. The better grades of artificial aluminum 
oxide abrasives contain approximately 95 per cent crystalline 
alumina, and this percentage is maintained within very close 
limits. This uniformly high percentage of crystalline alumina is 
what gives the artificial abrasives their superiority over the natural 
abrasives. This superiority is more apparent in the coarser grains 
which are used on operations involving the removal of considerable 
material. 

The abrasives used are designated by number as in grinding 
wheels, running from 8 to 600 for this work. 

Selection of Proper Size 

Some work involves the removal of very little material and can 
be done with a single “polishing’^ operation. Other jobs require 
two, three or even more operations starting with coarser and 
finishing with finer grain. If coarse grain (say, No. 36) is used in 
the first operation, this should not be followed by a very fine grain, 
because a great deal of time would be required to remove the deep 
scratches made by the coarse grain. It would be better to follow 
the No. 36 with No. 60 and then use No. 120 grain if a finish as fine 
as this is required. Still finer grains could follow the No. 120 if 
necessary to produce the desired luster. When changing from one 
size to the next finer, some experts advocate changing the direction 
of the strokes, if practical, in order to facilitate the removal of 
scratches. 


Glue 

Too much emphasis cannot be placed on the proper selection 
and application of glue. Unsatisfactory glue conditions are 
actually responsible for most of the common troubles in the polish¬ 
ing room such as pyoor work, variable abrasive costs, irregulai rate 
of production, difficulty in maintaining standard piece rates, and 
many other things of this nature. 

In handling and preparing glue: 

Store glue in a dry, cool place. 

Measure glue and water by weight. 

Use only cold water for soaking. 

Use only distilled, boiled, or otherwise pure water. 
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While soaking, the glue should be completely covered with water. 

Soak ground glue 3 hours, flake glue 8 hours, cake glue 12 hours. 

Use only water-jacketed glue heaters. 

Use aluminum glue pots. 

Keep the glue pots covered. 

Remove any scum that accumulates. 

Stir glue while melting. 

Temperature of the glue in the heater should not be over I40°F. A tem¬ 
perature higher than this will weaken the glue. 

Never boU or cook glue. 

Remember that bacteria spoil glue. 

Use glue while fresh, preferably within four hours after heating. 

Throw out any glue left at night. 

Glue from the day before mixed with fresh glue weakens the mixture 
50 per cent. 

Scald pots and brushes every night. 

Keep brushes not in use in a weak solution of carbolic acid. 

Remove dead glue from floor, benches, tools, or wherever present. 

Coarse grain requires thick glue while fine grain requires thin glue. For 
fine grain dilute the glue from the original mixture, according to “thinness" 
reenured. 

Provide oven or preheating room for heating wheels before gluing up. 

Heat wheels and abrasives to at least i2o“F. 

Allow plenty of time for glue to set, it does not attain its maximum strength 
in less than 48 hours. 

SAND AND SHOT BLASTING 

For cleaning castings and metal work, sand is used under air 
pressure. A sand that will pass through a No. 8 mesh screen is 
best for most purposes. Some work requires a very fine sand. 

Air pressure varies from 2 to 5 pounds for frosting glass, to 80 and 
90 pounds for heavy work. 

Sand must be kept dry to prevent clogging nozzles. Pebbles 
are sometimes used with large nozzles to give a kind of peened finish. 
The operator should protect his nose and mouth with a wet sponge 
or respirator, and his hands with gloves. 

With 25 to 30 pounds of air pressure a -3-inch nozzle will use about 
200 pounds of sand an hour. 

Sand various grades and steel grit and shot are used. These 
are designated by the Pangborn Company by the letters G and S 
respectively. Centrifugal shot- and grit-throwing machines are 
replacing air in many cases, the abrasive being discharged at about 
the same velocity as when air is used. It is claimed that a centrifu¬ 
gal unit will discharge the same amount of abrasive as an air blast 
taking from ten to fifteen times as much power. Grit or shot varies 
widely in size, from 12 to 100 grit. They are frequently mixed for 
best results in cleaning. In centrifugal machines, a greater volume 
of shot than grit will flow through the feed. If grit is preferred, the 
addition of shot will increase the volume. With compressed air, the 
flow volume of shot is slightly greater than the grit and will do faster 
work in comparison to the volume. 

BALL BURNISHING * 

Ball burnishing is a process employing a wood or wood-lined 
barrel with hard steel balls as burnishing medium and soapy water 
as lubricant. It forces down (not rubs off) by a half-rolling, half- 
rubbing pressure the minute irregularities that make the surface of 
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metal parts appear unfinished, into a high luster and tends also to 
eliminate porosity. The wood lining of the barrel keeps the work 
from contacting the metal walls of the machine and prevents the 
revolving mass from rubbing off particles of metal and rust which 
would quickly form on the inside of the barrel above the burnishing 
solution when the cover was removed and cause discoloration of 
the work. 

The basis of good burnishing is round steel balls. The factors 
to be considered are the speed of the machine; size or assortment of 
material; load in machine. The speed range depends mainly upon 
the diameter of barrel used. The smaller the barrel the higher the 
speed. A 24- or 30-inch machine requires about 15 revolutions per 
minute for a light burnishing action on delicate work and up to 
45 revolutions per minute for work requiring a vigorous burnish. 
Within the limits, the faster the speed, the quicker the work is 
finished. Also much depends upon the size of material used. 
Small balls have more contacts with the surface but provide a light, 
very mild action. Large balls supply a far heavier burnishing effect 
and as they cost less per pound it is advisable to use as large a ball 
as practical. 

From the hardness point of view it is usually possible to ball 
burnish any work whose surface is softer. To polish steel that is 
carburized or otherwise hardened, use balls with Vienna lime 
which sets up an extremely mild abrasive action and is very effec¬ 
tive in a five to seven hour run. 

The Abbott Ball Company recommends the use of two pecks of 
steel balls to every peck of work. To this is added enough water 
to stand about i inch above the work, and about 4 ounces of soap 
chips. It is preferable to dissolve the chips in hot water first. The 
Tolling is carried on from i to 5 hours depending on the work. 

The softer the metal the shorter the time required to finish it. 
If the work is not to be plated, it is taken directly from the 
barrel and dried in clean hardwood sawdust (preferably in a hot 
sawdust box), or, if it is of a nature to stand it, it can be'placed in 
a tilting barrel with sawdust and tumbled a few minutes to dry. 

If the work is to be plated it can be taken from the barrel and 
cleaned in the usual manner and, after plating, returned to the 
burnishing barrel with a fresh solution and the steel balls for the 
final finish, which requires about a half hour. 


Approximate No. of Balls per Lb. 

■h inch. 

A inch. 

iinch. 

■h inch. 

A inch. 

i inch. 

A inch. 

I inch. 

J inch. 


27,900 

8,260 

3,125 

1,770 

1,024 

430 

220 

125 

52 


There are about 100 pounds of steel balls in a peck. 
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IMPROVED CUTTING EDGES 

The nearer perfect the edge of a cutting tool, the better the work 
it will do. This does not refer to the angle of the cutting edge with 
relation to the work, as both positive and negative cutting angles 
are now used. Perfection in this case refers to the removal of small 
irregularities left by the usual grinding wheel by using a very fine 
grit wheel and by stoning or honing. Careful attention to the cut¬ 
ting edge gives longer life between grinds and leaves a better surface 
on the work. 

Extreme magnification of cutting edges shows great irregularities 
in the shape of hills and hollows created by the abrasive grains of 
the grinding wheels. An artist’s sketch drawn from photomicro¬ 
graphs is shown in Fig. i$a. The largest projection, shown by the 



Fig. 13a. —LeJtj artist’s conception of rough-ground cutting 
edges. Note the “hills” and “valleys” created by the abrasive 
grains of the grinding wheel in rough grinding. Right, note how the 
“peaks,” unequal to the heavy load imposed upon them, break off, 
quickly dulling the cutting edge. 

dotted lines, breaks off first. The others are shown at the right. 
These break because they are not strong enough to stand the heavy 
load imposed by the cut, leaving the whole cutting edge dull. 

While no grinding or stoning can produce an absolutely perfect 
edge, the hills and hollows can be made so small that the cutting 
edge maintains its efficiency over a much longer period and produces 
much better surfaces. Frequently the improved surface left by the 
tool makes it possible to eliminate a grinding operation which was 
formerly necessary. This is particularly true in milling with nega¬ 
tive rake cutters. 

According to the Behr-Manning division of the Norton Company, 
good cutting can be secured with a 60-grit wheel with a very slow 
traverse and no feed on the last two passes. They consider it better, 
however, to grind first with a 60-grit wheel leaving 0.001 inch, or 
even less, for finishing with a 320-grit wheel with a shellac bond. 
Besides giving an excellent finish to the cutting edge, this method 
also impresses the operator with the importance of a cutting edge 
as perfect as possible and the great care necessary to secure it. 
With tools having carbide cutting edges many prefer to use dia¬ 
mond-impregnated wheels, particularly in milling and turning. 
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In both these machining operations it is advantageous to have the 
surface of the cutting tool very smooth to permit the chips to flow 
away from the work with as little resistance as possible. Blue 
chips, which are common in high-speed cutting of steel by either 
milling or turning, result from the heat generated in the chip itself 
by distorting the metal into a more or less tight curl. The more 
freely the chips slide over the tool face the less heat is generated and 
the less power is required. For this reason, some who have con¬ 
ducted extensive experiments along this line go to the extreme of 
stoning the face of the cutting tool in the direction of chip flow. 

Cutting angles have much to do with the heat generated in chip 
removal. If we could use an acute cutting angle, as in woodwork¬ 
ing tools, less power would be required and there would be fewer 
blue chips. But in order to secure the benefits of high cutting 
speeds made possible by using carbide tools, we must protect the 
edge by using a negative rake and, in many cases, a negative helix 
angle on face milling cutters. Cutting edges as perfect as possible 
increase cutter life here as elsewhere and improve the work surfaces. 
Cases are cited where the output per grind has been increased from 
100 to 300 per cent. 

In addition to the careful grinding of cutters, stoning or honing, 
immediately after sharpening and also at intervals before they 
require regrinding, has been found advantageous. It not only 
keeps the cutting edge in good condition but also lengthens the life 
of the cutter between grinds. Diamond-impregnated hones are 
now available for use with carbide cutters. This stoning removes 
any slight feather edge left by grinding. On high-speed steel cut¬ 
ters the India oilstone cuts faster than the Arkansas stone, but 
many prefer the latter on account of this slower action. 

With carbide cutters, particularly those with a negative rake, 
some use the diamond hone directly on the edge, holding it at an 
angle of 45 degrees for one or two strokes. This not only removes 
the feather edge but produces a minute flat where the tool contacts 
the work. 
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OILSTONES AND THEIR USES 
Natural Stones 

The following particulars regarding the well-known Arkansas and 
Washita stones are given by the Pike Manufacturing Company: 

Arkansas stones are made from rock quarried in the Ozark Moun¬ 
tains of Arkansas and are prepared for commercial purposes in two 
grades, hard and soft. 

Hard Arkansas is composed of pure silica, and its sharpening 
qualities are due to small, sharp-pointed grains, or crystals, of hex¬ 
agonal shape, which are much harder than steel and will, therefore, 
cut away and sharpen steel tools. The extreme fineness of texture 
makes this stone, of necessity, a slow cutter, but in the very density 
of the crystals of which it is composed lies its virtue as a sharpener. 

Soft Arkansas stone is not quite so fme-grained and hard as the 
hard Arkansas, but it cuts faster and is better for some kinds of 
mechanical work. It is especially adapted for sharpening the tools 
used by wood carvers, filemakers, patternmakers, and all workers 
in hard wood. 

Washita stone is also found in the Ozark Mountains in Arkansas 
and is similar to the Arkansas stone, being composed of nearly pure 
silica, but is much more porous. It is known as the best natural 
stone for sharpening carpenters’ and general woodworkers’ tools. 
This stone is found in various grades, from perfectly crystallized 
and porous grit to vitreous flint and hard sandstone. The sharp¬ 
ness of the grit depends entirely upon its crystallization, the best 
oilstones being made from very porous crystals. 

In addition to the regular rectangular sections, natural stones are 
made in such shapes as square, triangular, round, flat, bevel, dia- 
mond, oval, pointed, knife edge. 

Artificial Oilstones 

Artificial oilstones are manufactured in a multitude of shapes 
and sizes and are adapted for sharpening all kinds of tools. Such 
stones are made of alundum and crystolon, by the Norton Com¬ 
pany, the former being known as India oilstones, the latter as 
crystolon sharpening stones. Similar shapes are manufactured 
by the Carborundum Company and others. 

The stones are made in three grades or grits—coarse, medium, and 
fine. The coarse stones are used in machine shops for sharpening 
very dull or nicked tools and machine knives and for general use 
where fast cutting is desired. 

Medium stones are for sharpening mechanics’ tools in general, 
more particularly those used by carpenters and in woodworking 
shops. Common shapes are shown in Fig. 14. 

Fine stones are adapted for engravers, die workers, cabinet makers 
and other users of tools requiring a very fine, keen-cutting edge. 

Of the great variety of shapes a number adapted especially for 
machine-shop purposes are illustrated. Of these, stones like No. 24 
are for sharpening lathe and planer tools and for use after grinding; 
No. 23 is for reamers; No. 14, for taps; Nos. 4, 7,10, and 26, for dies. 
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Two shapes for curved-edge woodworking tools are Nos. lo 
and 14. A rectangular shape for straight-edge tools, like chisels, 
plane bits, planer knives, scrapers, paper-cutting knives, and other 
tools with broad flat edges is No. 24. 

Some shapes suitable for die and tool work are shown by Nos. 
4, 7, 26, 28 and 50. There are frequently several sizes in each 
shape. 



How to Care for Oilstones 

Like anything else, an oilstone can be ruined by wrong treatment 
and lack of care. 

There are three objects to be attained in taking good care of an 
oilstone: first, to retain the original life and sharpness of its grit; 
second, to keep its surface flat and even; third, to prevent its 
glazing. 

To retain the original freshness of the stone, it should be kept 
clean and moist. To let an oilstone remain dry a long time or to 
expose it to the air tends to harden it. A new natural stone should 
be soaked in oil for several days before it is used. If an oilstone is 
kept in a dry place (most of them are) it should be kept in a box 
having a closed cover, and a few drops of fresh, clean oil should be 
left on the stone. 

To keep the surface of an oilstone flat and even simply requires 
care in using it. Tools should be sharpened on the edge of a stone as 
well as in the middle, to prevent it from wearing down unevenly, 
and the stone should be turned end for end occasionally. 

To restore an even, flat surface, grind the oilstone on the side of a 
grindstone or rub it down with sandstone or an emery brick. 

An oilstone can be prevented from glazing merely by the use of 
oil or water. 

Either oil or water is used, on a sharpening stone to float the 
particles of steel that are cut away from the tool, thus preventing 
them from filling in between the crystals and causing the stone to 
glaze. 
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Water—and plenty of it—should be used on all coarse-grained 
natural stones. 

On medium and fine-grained natural stones and in all artificial 
stones, oil should be used always, as water is not thick enough to 
keep the steel out of the pores. 

Further to prevent glazing, the dirty oil should always he wiped 
ojff the stone thoroughly as soon as possible after using it. This is 
very important, for if left on the stone the oil dries in, carrying the 
steel dust with it. Cotton waste is one of the best things with 
which to clean a stone, and is nearly always to be found in a shop. 

If the stone does become glazed or gummed up, a good cleaning 
with gasoline or ammonia will usually restore its cutting qualities, 
but if it does not, then scour the stone with loose emery or sand¬ 
paper fastened to a perfectly smooth board. 

Never use turpentine on an oilstone for any purpose. 

HONING 

Honing Cylindrical Bores ^ 

Grinding or honing of bores has now become general practice 
as a finishing operation. At first confined to automotive cylinders 
in which the grits, grades, and lengths of honing sticks would not 
exceed half a dozen sizes, today problems of grinding and honing 
cover several hundred styles of sticks and many grits and grades. 
Metal products made of cast iron, nickel iron, gun iron, malleable 
iron, aluminum, aluminum alloys, soft steels, hardened steels, 
nitrided steel, stellite, hot-drawn and cold-drawn tubes, yellow 
metals, including bronze and copper, are now honed in regular 
production. 

Honing originally removed only the fuzz left from internal grind¬ 
ing wheels, broaches, reamers, or boring tools, this amount varying 
from 0.0002 to 0.003 inch. Honing now removes as much as ^ inch 
from many bores, especially steel tubes and large engine bores, at 
the same time maintaining precision limits. It is sometimes found 
that bores distort from released stresses and are often egg shaped by 
several thousandths of an inch. This condition, however, does not 
prevent the bores being finished by honing to the precision limits 
required for concentricity and parallelism. 

Steel tubes from if to 16 inches in diameter and in lengths to 
60 feet are being honed, and compressors and heavy-oil engine 
cylinders over 30 inches in diameter are honed in regular produc¬ 
tion operations. Abrasive sticks have been so improved that the 
cost per bore can be satisfactorily controlled, and the truing of 
stones is no longer necessary. 

Kerosene is the coolant generally used. It should be well filtered. 
On thin steel liners, airplane-engine cylinders, and similar work, 
20 per cent of lard oil should be added to the kerosene. For honing 
tubes used in making food products use mineral seal oil, as it is 
tasteless, although it is somewhat sluggish in cutting qualities 
compared to kerosene. For aluminum alloys, Lynite, etc., lard 
oil gives the best results. 

* James G. Young and Prank J. Jeschke. 
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Honing requires much the same practice as in rotary wheel 
grinding. Suitable abrasive sticks must be selected for certain 
revolutions and reciprocating speeds per minute. It is often an 
advantage to vary the reciprocating speed especially in hardened 
materials, for when the fuzz is removed by the honing sticks the 
faces of the bores become harder and resist the cutting quality of 
the sticks. By variation in the speed of both revolutions and 
reciprocations, this resistance is overcome considerably and produc¬ 
tion times maintained. 

Hones are of varying types but are mostly of the expanding 
segmental-wheel type, the grinding or honing surfaces being com¬ 
posed of a series of abrasive sticks placed longitudinally upon the 
circumference of a metal body with an adjusting means for expand¬ 
ing the stones (or sticks) to the walls of the cylinders being honed 
and holding them under pressure against the wall. The tool 
itself is rotated and reciprocated simultaneously, and the hones are 
now of the positive expanding type. 


Recommended Honing Speeds 


Bore, Inches 

Revolutions per 
Minute 

Traverse Speed in 
Feet per Minute 

to 2i 

i8s 

45 

to 3 

i6o 

40 

4 t0 4j 

130 

35 

S to 6^ 

no 

30 

7 to 8j 

8S 

24 

9 to lo 

65 

20 


LAPPING 

Lapping may be roughly defined as “precision finishing with 
abrasives.” Specifically, it is the final stock-removing operation 
by means of which pieces of work are brought to desired size within 
closer tolerances for accuracy and with a finer finish than can be 
obtained by any other known mechanical process. 

Hand Lapping 

Hand lapping of flat pieces ordinarily performed by rubbing the 
parts to be lapped over the accurately finished flat surface of a 
master lap, the abrading action being accomplished by a very fine 
abrasive powder mixed with a lubricant. One principal charac¬ 
teristic of this operation is the movement of the work relative to 
the master lap. When properly performed, the piece is passed 
along an ever-changing path to ensure uniform abrasion of both the 
work and the lap and to eliminate, as far as possible, the produc¬ 
tion of parallel grain marks. 

Lapping by means of this ever-changing path of abrasion, with 
its continual crisscrossing of these lines, results in what is known 
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as a “matt” surface. It is not always a highly reflective surface, 
but the minute hills, or high spots, are removed, and what might 
be called “mountainous country” is reduced to “gently rolling” 
or “flat” country. Hand lapping is necessarily a slow, laborious 
operation and is not used except where expense and time are of 
minor consideration. 

Laps are roughly divided into three general classes. First, those 
where the form of the lap makes a line contact with the work, and 
the work, if cylindrical, is revolved to develop the cylindrical form, 
or, if straight, in one direction, is moved back and forth under the 
lap. Second, those which are used for straight surfaces with a full 
contact on the lap, and third, those which are used for male and 
female cylindrical surfaces with a full contact on the lap. In all 
cases the material from which the lap is made must be softer than 
the work. If this is not so, the abrasive will charge the work and 
cut the lap, instead of the lap cutting the work. 

The laps of the first class are usually made of machinery steel and 
the abrasive used is rolled into the surface. Oil is used to lubricate 
the work and carry away the dust. 

Lapping Flat Surfaces 

In lapping flat surfaces, which are usually on hardened steel, a 
cast-iron plate is used as a lap, with a good abrasive. In order 
that the plate may stay reasonably 
straight, it should cither be quite 
thick or else ribbed sufficiently to 
make it rigid, and in any case it 
should be supported on three feet, 
the same as a surface place. For 
rough work or “blocking down,” 
as it is called, the lap works better 
if scored with narrow grooves, 
about J inch apart, both length¬ 
wise and crosswise, thus dividing Yig, 15.—A Lapping Plate for 
the plate into small squares, as in plat Work 

Fig. 15. The abrasive is sprinkled 

loosely on the block, wet with lard oil and the work rubbed on it; 
care is taken to press hardest on the highest spots. The abrasive 
and oil get in the grooves and are continually rolling in and out, 
getting between the plate «and the work, and are crushed into the 
cast iron, thus charging it thoroughly in a short time. About No. 
100 or 120 abrasive is best for this purpose. 

After blocking down, or if the work has first been ground on a 
surface grinder, the process is different. A plain plate is used with 
the best quality of flour of emery as an abrasive, as the least lump 
or coarseness will scratch the work so that it will be very hard 
to get the scratches out. Instead of oil, benzine is used as a lubri¬ 
cant, and the lap should be cleaned off and fresh benzine and emery 
applied as often as it becomes sticky. The work should be tried 
from time to time with a straightedge and care taken not to let the 
emery run in and out from under the work, as this will cause the 
edges to abrade more than the center and will especially mar 
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the corners. After getting a good surface, the plate and work 
should be cleaned perfectly dry and then rubbed. The charging in 
the plate will cut just enough to remove whatever emery may have 
become charged in the work, take away the dull surface and leave 
it as smooth as glass and as accurate as it is possible to produce. 

Some grind flat work to within 0.0005 inch of size and lap tc 
within 0.0002 inch on a type-metal lap charged with flour emery. 
The lap is used dry and cleaned with benzine. Crocus powder 
on a cast-iron lap gives a high polish. 

In using the hand method on outside cylindrical surfaces, the 
work to be lapped is held in a chuck mounted on a lathe spindle 
and rotated, while the operator holds a split lap over the work 
surface by means of a clamp or holder. Loose abrasive grain 
is employed with a metal lap of cast iron, lead, brass, or other 
similar metal. Measurements are taken periodically to check the 
work diameter until it is lapped to the required size. 

Laps for Holes 

In lapping holes, various kinds of laps are used, according to the 
accuracy required, and the conditions under which the work is 
done. The simplest is a piece of wood turned cylindrical with a 
longitudinal groove or split in which the edge of a piece of emery 
cloth is inserted. This cloth is wound around the wood until it 
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fills the hole in the work. This is only fit for smoothing or enlarg¬ 
ing rough holes and usually leaves them more out of round and bell¬ 
mouthed than they were at first. Another lap used for the same 
purpose—and which produces better results—is made by turning a 
piece of copper, brass, or cast iron to fit the hole and splitting it 
longitudinally for some distance from the end. Loose abrasive is 
sprinkled over it, with lard oil for a lubricant, and a taper wedge is 
driven into the end for adjustment as the lap wears. 

For lapping common drill bushings, cam rolls, etc., in large quan¬ 
tities, where a little bell-mouthing can be allowed, and yet a reason¬ 
ably good hole is required, a great many shops use adjustable copper 
laps made with more care than the above. One way of making 
them is to split the lap nearly the whole length, but leaving both 
ends solid. One side is drilled and tapped for spreading screws 
for adjustment. Either one screw half-way down the split may be 
used or two screws dividing the split into thirds. Another and 







RING GAGES 


535 


better means of adjustment is to drill a small longitudinal hole a 
little over half the length of the lap, enlarge it for half its length, 
and tap the large end for some distance. This is done before split¬ 
ting. Into this hole a long screw with a taper point is fitted so that 
when tightened it tries to force itself into a small hole, thus spread¬ 
ing the lap. 

For nice work there is nothing better than a lead lap. Lead 
charges easily, holds the abrasive firmly and does not scratch or 
score the work. It is easy to fit to the work and holds its shape 
well for light cuts. Under hard usage, however, it wears easily. 
P'or this reason, while laps for a single hole or a special job arc some¬ 
times cast on straight arbors, where much lapping is done it is 
customary to mold the laps to taper arbors with means for a slight 
adjustment. After any extensive adjustment the lap will be out of 
true and must be turned off. All of these laps, as shown in Fig. i6, 
are to be held by one end in a lathe chuck, and the work run back 
and forth on them by hand, or by means of a clamp held in the hand. 
If a clamp is used, care should be taken not to spring the work. 

How to Do Good Lapping 

There are several points which must be taken into consideration 
in order to get good results in lapping holes. The most important 
is that the lap shall always fill the hole. If this condition is not 
complied with the weight of the work and the impossibility of hold¬ 
ing it exactly right will cause it to lap out of round, or if it is out of 
round at the start the lap will be free to follow the original surface. 
If the lap fits, it will bear hardest on the high spots and lap them off. 
Next in importance to getting a round hole is to have it straight. 
To attain this end the lap should be a little longer than the work, so 
that it will lap the whole length of the hole at once, and not have a 
tendency to follow any curvature there may be in it. What is 
known as bell-mouthing, or lapping large on the ends, is hard to pre¬ 
vent, especially if the emery is sprinkled on the lap and the work 
shoved on it while it is running. The best way to avoid this condi¬ 
tion when using cast-iron or copper laps, which do not charge easily, 
is to put the abrasive in the slot, near the center of the lap, and after 
the work is shoved on squirt oil in the slot to float the abrasive. 
Then, when the lathe is started the abrasive will carry around and 
gradually work out to the ends, lapping as it goes. Where lead is 
used, the abrasive can be put on where it is desired to have the lap 
cut and rolled in with a flat strip of iron. It will not come out 
easily, so will not spread to any extent, and it is possible with a 
lap charged in this manner to avoid cutting the ends of the hole at 
all. The work should always be kept in motion back and forth 
to avoid lumping of the abrasive and cuttings which will score 
grooves in the work. 

Ring Gage and Other Work 

Ring gages are lapped with a lead lap. They are first ground 
straight and smooth to within 0.0005 inch of size, and then, when 
lapped, are cooled as well as cleaned, before trying the plug, by 
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placing them in a pail of benzine for a long enough time to bring 
them down to the temperature of the room. Some shops leave a 
thin collar projection from each side around the hole, so that, if there 
is any bell mouthing, it will be in these collars, which are ground 
off after the lapping is done. 

Soft metals and cast iron will charge. To some extent charging 
can be taken out without changing the work materially by rubbing 
it by hand with ‘Tlour” abrasive cloth. In 
lapping bronze or brass, crocus and Vienna 
lime are used. Crocus is used with a cast- 
iron or lead lap, and the charging is removed 
by running the work for a few seconds on a 
hardwood stick which fits the hole. Un¬ 
slaked Vienna lime, freshly crushed, is used 
with a lead or hardwood lap, and does not 
charge. It does a nice job, but is very slow, 
and is used only in watch factories. 

For lapping plug gages, pistons, and other cylindrical articles, a 
cast-iron lap is usually used, split and fitted with a closing and a 
spreading screw, as shown in Fig. 17. Sometimes, where a very fine 
finish is required, or where the work is not hardened, the hole is 
made larger than the work, and a lead ring cast into it. 

Adjustable Step Lap for Plug Gages 

The step lap, Fig. 18, can be used to advantage for plug gages. 
It is of gray cast iron, and the end hole A adjusted to size. The lap 
is used at this hole until it refuses to cut. The plug gage is then 
entered into hole B without changing the adjustment. This hole 
is used up, and the plug gage is passed to holes C and D. 



Fig. 18.—Step Lap for Plug Gages 


As the holes are all made one size and as the plug gage becomes 
smaller at each hole, there is less wear on the lap as the plug is 
passed from hole to hole. The holes retain about the same pro¬ 
portions and save measuring for sizes very often, when rough-lap¬ 
ping the plugs to within 0.0001 inch of finish size. As a finishing 
lap for size, it requires very few trial measurements with the 
micrometer or ring gage. 

There is a tendency among workmen to use an excessive rotary 
speed when lapping a plug or ring. A speed that will make the 
work just comfortably warm to the hand is about right. Speed 
above this rate has a tendency to bake the oil and abrasive, which 
is a detriment to smooth and fast cutting. 



Fig. 17.—A Lap for 
Plugs 
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Diamond Powder in the Machine Shop 

The diamond used for this purpose is an inferior grade of dia¬ 
mond, not so hard as the black diamond used for drills and truing 
emery wheels, and not of the clear and perfect structure to permit 
it to enter the gem class. Many are mixed black and white, others 
yellow and some pink; many are clear but flaky. Then there is the 
small d6bris from diamond cutting, which is reduced to powder 
and sells somewhat cheaper; but some find it more economical to 
use the above and powder it themselves, as the d6bris from diamond 
cutting is of a flaky nature, and docs not charge into the lap so well. 

Assuming there is 25 carats to reduce to powder, proceed as 
follows: 

Into a mortar, as shown at Fig. ig, place about 5 carats, using an 
8-ounce hammer to crush it. It takes from 3 to 4 minutes’ steady 
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Figs. 19-22. —Tools for Preparing Surface Lap 


pounding to reduce it to a good average. Scrape the powder free 
from the bottom and the sides and empty into one-half pint of oil. 
The oil used is the best olive oil obtainable, and is held in a cup¬ 
shaped receptacle that will hold a pint and one half. The 25 carats 
being reduced to powder, and in the oil, stir it until thoroughly 
mixed, and allow to stand 5 minutes; then pour off to another dish. 
The diamond that remains in the dish is coarse and should be 
washed in benzine and allowed to dry, and should be repounded, 
unless extremely coarse diamond is desired. In that case label it 
No. o. Now stir that which has been poured from No. o, and allow 
to stand 10 minutes. Then pour off into another dish. The 
residue will be No. i. Repeat the operation, following the table 
below. 

The settlings can be put into small dishes for convenient use, 
enough oil staying with the diamond to give it the consistency of 
paste. The dishes can be obtained from a jewelers’ supply house. 

Table for Settling Di.amond Powder 
To obtain No. o— 5 minutes. To obtain No. 3—i hour. 

To obtain No. i—10 minutes. To obtain No. 4—2 hours. 

To obtain No. 2—30 minutes. To obtain No. 5—10 hours. 

To obtain No. 6—until oil is clear. 
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Diamond is seldom hammered; it is generally rolled into the 
metal. For instance, several pieces of wire of various diameters 
charged with diamond may be desired for use in die work. Place 
the wire and a small portion of the diamond between two hardened 
surfaces, and under pressure roll them back and forth until thor¬ 
oughly charged. In this case No. 2 diamond is generally used. Or 
one can form the metal to any desired shape and apply the diamond 
and use a roll, as Fig. 21, to force the diamond into the metal. This 
is then a file which will work hard steel, but the moment this dia¬ 
mond file, or lap, is crowded, it is stripped of the diamond and is 
consequently of no use. It is to be used with comparatively light 
pressure. 


Diamond Laps 

Copper is the best metal. It takes the diamond readily, and 
retains it longer than other metals; brass next, then bessemer steel. 
The latter is used when it is wished to preserve a form that is often 
used. 

For sharpening small, flat drills, say 0.008 to 0.100, a copper lap 
mounted on a taper shank, as in Fig. 20, and charged on the face 
with No. 2 diamond, using pressure on the roll, makes a most satis¬ 
factory method of sharpening drills. The diamond lasts for a long 
time if properly used, and there is no danger of drawing the tem¬ 
per on the drill. It is much quicker than any other method of 
sharpening. 

To charge the lap use the roll. Fig. 21, supported on a T-rest press¬ 
ing firmly against the lap, being careful to have the roll on the 
center; otherwise, instead of charging the lap, it will be grinding the 
roll. The diamond may be spread on either the lap or the roll, and 
the first charging usually takes twice the amount of diamond that 
subsequently charging takes. To avoid loss of diamond, wash the 
lap in a dish of benzene kept exclusively for that purpose. This can 
be reclaimed by burning the metal with acids, and the diamond can 
be resettled. A narrower roll, Fig. 22, is sometimes used. 

For the grinding of taper holes in hard spindles or for position 
work in hard plates, where holes are too small to allow the use of 
wheels. No. i diamond works well. To grind sapphire centers or 
plugs as stops, use a bessemer lap made in the form of a wheel 
charged with diamond on the outside. 

Numbers 5 and 6 diamond are used on boxwood laps, mounted on 
taper plugs or chucks, and the diamond smeared on with the finger. 
The lap is run at high speed and used for fine and slow cutting 
which also gives a high polish. 

Other Abrasives for Lapping 

The abrasive flours commonly used for lapping have a grain 
averaging about 0.002 inch in diameter. For fine work, the abra¬ 
sive flours are mixed with oil and allowed to settle. The lighter par¬ 
ticles remain in suspension and are poured off. They are graded 
according to the length of time they float: thus, 30-minute abrasive 
means the particles have taken 30 minutes to settle. Some use 
water for floating, as oils vary so much in viscosity. The most 
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used lapping lubricants are lard oil, machine oil, kerosene, gasoline, 
alcohol, and turpentine. 

The ideal abrasive for lapping is one which will break down or 
become finer as work goes on. 

Tests of Lapping 

Tests made by Knight and Case show that laps charged by rolling 
cut the fastest and that a lap wet with lubricant cuts approximately 
twice as fast as a dry lap. The initial rate of cutting does not vary 
greatly with different abrasives. No advantage was found in 
using an abrasive coarser than No. 150. The rate of cutting is 
practically proportional to the pressure, 15 pounds being satisfac¬ 
tory. Laps wear as follows: Cast iron, i.oo; steel, 1.27; and 
copper, 2.62. In general, copper and steel cut faster than cast 
iron, but cast iron retains its form better. 


Good Lapping Combinations 
Silicon Carbide —Steel lap —Lard oil 
Silicon Carbide —Copper lap—Lard oil 
Silicon Carbide —Cast lap —Gasoline 
Aluminum Oxide—Copper lap—Soda water 
Silicon Carbide —Cast lap —Turpentine 
Silicon Carbide —Cast lap —Alcohol 
Aluminum Oxide—Cast lap —Gasoline 
Silicon Carbide —Copper lap—Turpentine 
Silicon Carbide —Cast lap —Kerosene 
Silicon Carbide —Copper lap—Soda water 
SLUcon Carbide —Steel lap —Machine oil 
Aluminum Oxide—Copper lap—Turpentine 
Silicon Carbide —Copper lap—Machine oil 
Aluminum Oxide—Copper lap—Alcohol 
Silicon Carbide —Copper lap—Alcohol 


Machine Lapping 

Modern lapping machines have made possible the quantity 
production of parts, the cost of which would have been prohibitive 
by the old hand-lapping methods. 

Industrial requirements demand lapping machines arranged to 
use three types of lapping mediums. One uses metal laps and 
loose abrasive grain mixed with a lubricant and will always find a 
place in the field of gage manufacture, or for other operations 
where extreme accuracy is required. 

Another type of machine uses bonded abrasives for commercial 
production work. 

A third and more recent type of machine, which at present has 
been used for crankshaft lapping exclusively, employs abrasive 
paper or cloth instead of cast-iron or bonded abrasive sticks. A 
very bright finish is obtained and a genuine lapped surface is pro¬ 
duced quite as easily as with cast-iron or bonded abrasives. 
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Vertical machines with cast-iron laps using loose abrasive are 
used for cylindrical work, flat work, and there is a universal type 
for both flat and cylindrical work. Vertical machines with bonded 
abrasive laps are made for both cylindrical and flat work. Hori¬ 
zontal machines use abrasive paper or cloth, as in the crankshaft 
machine. 

Work holders for vertical machines differ widely, the simplest 
form consisting of a circular disc perforated with holes near its 
periphery. These holes are of such size that the work can be laid 
in them as the work holder rests in position on the machine. Suffi¬ 
cient clearance between the pieces and the work holder is provided 
so that the only effect the work holder has on the work is to move 
it about between the laps. 

When the work holder is arranged for cylindrical pieces, which 
do not have a hole through them, these openings are of the approxi¬ 
mate shape of the piece. The axis of the opening is not radial, 
but tangent to a circle approximately 3 inches in diameter con¬ 
centric with the center of the work holder. 

For lapping cylindrical pieces, such as piston pins, which have a 
hole through the center, a leg or spider-type work holder is used. 
This consists of an aluminum center plate with hardened-steel 
spindles inserted about its periphery. As in the case of the flat- 
or plate-work holder for cylindrical pieces, these spindles are not 
placed radially but have their axes tangent to a circle about 3 
inches in diameter. 

Preparation of Parts for Lapping 

From a production standpoint lapping is not a stock removal 
operation. In no case should more than 0.0005-inch material 
be left for the lapping operation. Lapping is not intended to 
replace grinding, but further to refine pieces beyond that point 
of finish and accuracy produced by the grinding operation. 

Parts should always be ground to close limits for size, parallelism, 
roundness, or flatness before lapping, although the ground finish 
is not so important. 


Lapping Lubricants 

With machines equipped with cast-iron laps, lard oil and kero¬ 
sene mixed with the proper abrasive to form a paste is the only 
lubricant required. For final-finish lapping operations and when 
finish dressing the laps, the paste is omitted, and plain kerosene 
only is used. 

Superfinish 

Superfinish is a method developed by David A. Wallace, president 
of the Chrysler division of the Chrysler Corporation, to secure the 
best known surface on wearing parts. The machines give a 
combination of motions to the abrasive materials, mostly at right 
angles to the work. Only one movement, and that at low velocity, 
is in the direction of the tooling marks. The oscillating movements 
are quite rapid, but the actual surface speed is only 12 to 15 feet per 
minute because of the narrow range of the stone oscillations. 
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Only enough pressure is used so that the high spots will puncture 
the film of light oil and be honed down. Increasing the pressure 
makes more high spots break through the oil film until the surface is 
so smooth that the film is no longer punctured. 


Norton 500 M-l-S 



This method is for finish only, not for correcting dimensions. 
Chrysler prefers a medium rough ground surface to a smooth grind, 
before superfinishing. For example, brake drums are turned with a 
feed of 0.02 2 inch, which saves turning time. When superfinished, 
the deepest mark is but o.ooooi inch deep. Commercial stones are 
used, care being taken to get uniform grain size. These are secured 
by the settling or float process. While extreme accuracy is secured, 
smoothness to the millionth of an inch being obtainable, the opera¬ 
tion takes but from 3 to 30 seconds. 



Fig. 24.—Ratios of Reciprocations per Minute to Revolutions per 

Minute 

The method of superfinishing a piston is shown in Fig. 23, which 
gives all necessary information. Figure 24 shows the best ratios of 
reciprocation to work revolutions for different materials. Hard 
material requires more reciprocation in proportion to rotation. 
There must be at least three motions to give the best results. 

Superfinish shows remarkable results in increasing the wear life 
of metals in contact. It bears out the statement of the Bureau of 
Standards some years ago that smoothness of finish had more 
effect than hardness on the wear of gages. 

Surface Finish.—The growing use of the Profilometer to measure 
the quality of surface finish makes it desirable to understand the 
terms used. The depth of scratches is measured in microinches, or 
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millionths of an inch. Readings are often expressed as 5 r.m.s. 
The letters mean root-mean-square, but in shop language, the 
average variation from a center line. In other words a line half-way 
between the peaks and valleys of a profile of the surface. 

GRINDING SPRAYED METAL 

Where grinding equipment is available, it is being used more 
extensively to finish sprayed metal than are cutting tools. This is 

Cylindricat. Grinding—Wet 


Metal 

Abrasive 

Type 

Abrasive 
Grit Size 

Abrasive 

Grade 

Bond 

Sprabronze C:* 
Rough and finisli. . 

Si-carbide 

36 to 120 

Soft or med. 

Vitrified 

Lustrous finish.. . 

Si-carbide 

80 to 120 

Soft or med. 

Vitrified 

Sprabronze M; 
Rough and finish. . 

Si-carbide 

36 to 46 

Soft or med. 

Vitrified 

Lustrous finish.... 

Si-carbide 

60 to 80 

Soft 

Vitrified 

Sprabronze T: 

Rough and finish. . 

Si-carbide 

36 to 46 

Soft or med. 

Vitrified 

Lustrous finish.... 

Si-carbide 

60 to 80 

Soft 

Vitrified 

Copper: 

Rough and finish.. 

Si-carbide 

36 to 46 

Soft or med. 

Vitrified 

Lustrous finish 

Si-carbide 

60 to 80 

Soft 

Vitrified 

Monel: 

Rough and finish . 

Si-carbide 

46 to 60 

Soft or med. 

Vitrified 

Lustrous finish.. . . 

Si-carbide 

60 to 80 

Soft 

Vitrified 

Nickel: 

Rough and finish . 

Si-carb’de 

46 to 60 

! Soft or med. 

Vitrified 

Lustrous finish ,.. 

Si-carbide 

60 to 80 

Soft 

Vitrified 

Metcoloy No. i: 
Rough and finish.. 

Metcoloy No. 2: 
Rough and finish.. 

Si-carbide 

Al-oxide 

Si-carbide 

46 

400 

36 to 46 

Soft 

Medium 

Soft or med. 

Vitrified 

Vitrified 

Vitrified 

Sprasteels 10, 25, 40, 
80 and 120: 
Rough and finish.. 

Si-carbide 

36 to 46 

Soft or med. 

Vitrified 


* Slow traverse (approximately ^ ft. per min.) and high work speed 
(approximately 140 surface ft. per min.) are absolutely essential in grinding 
Sprabronze C. High traverse rates cause the wheel to load badly and give 


a poor finish. 

Notes: 

Wheel speeds, surface ft. per min. 6,000 to 6,500 

Work speed, surface ft. per min. 80 to 90 

Traverse speed, roughing, in. per min. 36 to 48 

Traverse speed, finishing, in. per min. 8 to 16 

Infeed: 

Roughing in. 0.001 

Finishing. Extremely light 


Coolant most generally used is 50:1 to 40:1 soluble oil. 
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true of soft metals such as Metcoloy No. i and Metco copper. It 
permits greater accuracy and a higher degree of finish than can be 
obtained by cutting tools. 

Sprayed metals require a different procedure than parent, or 
solid, metal of the same composition. They can be ground wet or 
dry by following the suggestions in the tables herewith. These 
show the wheel speeds and work feeds and the type of wheels for 
the different metals, and they suggest coolants that give good 
results. Sprayed metals tend to load grinding wheels. Relatively 
coarse grain and low bond strength are necessary to permit the 
wheels surface to break down easily. 

Tool-post grinders may require different wheels than grinders 
with more rigidly supported wheels. They can be used, however, 
by experimenting to find the right wheel for the grinder and the 
work. 


CRUSH-DRESSING GRITOING WHEELS^ 

The accepted method of dressing or preparing the abrasive-wheel 
surface for work has been by the use of sharp diamonds, or other 
hard material such as the carbides, usually termed “diamond¬ 
dressing.” Equally old is the process of dressing a wheel by means 
of a number of freely rotating w'ashers mounted on a suitable 
handle. This tool is normally used for roughing up pedestal 
abrasive wheels, and grit can be removed from the face of the w^heel 
very rapidly. From this it is a short step to modern “crush- 
dressing.” This principle for the accurate dressing of grinding 
wheels has been undergoing improvements in luirope, and it has 
been receiving specialized development in the United States. 

Crushing of abrasive wheels may seem revolutionary to some, 
as the method has not had widespread industrial application in 
America. Since its general commercial introduction in this coun¬ 
try, rapid progress has been made as industry has come to realize 
the advantages. Abroad, the develo})mcnt has been primarily 
used in the grinding of threads, owing largely to the European and 
English practice of grinding threads with multiribbcd wheels. 
The benefits of this method are so outstanding, it is not surprising 
that great strides have been made in multiforming the ribs of 
grinding wheels. Various and often complicated fixtures were 
used for diamond dressing of these wheels, and, while searching 
for a simpler operation, the crushing technique was developed. 
While it was primarily intended to simplify the fixtures for forming 
the wheel, advantages were discovered that are far more important 
than the simplification. 

For a number of years several enterprising toolrooms in the 
United States used the crushing technique with excellent results. 
For example, one company found it profitable to make lamination- 
die sections on the surface grinder after first crushing a wheel to the 
desired shape by means of a soft-steel crusher mounted on a fixture. 
This fixture allowed free rotation without end movement. The 

1 By W. Fay Aller, Director of Research, The Sheffield Corporation, 
Dayton, Ohio. 
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Cylindrical Grindinc—Dry* 


Surface Speed, Feed, In. 

Ft. per Min. per Rev. 

Metals - - 

Work Wheel Finishing 


Sprabronze Cf.40 to 45 5,000 to 6,000 ^ to J to 3V 

Sprabronze Mf.40 to 45 5,000 to 6,000 iV to i A to ^ 

Sprabronze Tf.30 to 40 5,000 to 6,000 A to i A to ^ 

Copperf.30 to 40 5,000 to 6,000 iV to I ^ to ^ 

Monelt .30 to 40 5,000 to 6,000 ^§*4 to yg ilg to 3^ 

Nickel.30 to 40 5,000 to 6,000 ^4 to to ^ 

Sprairon.30 to 40 5,000 to 6,000 ^ to J ^2 to 

Metcoloy No. i.30 to 45 5,000 to 6,000 ^2 to yg iV to 

Metcoloy No. 2.45 to 125 5,000 to 6,000 gV to i Jg to ^2 

Sprasteels 10, 25.30 to 45 5,000 to 6,000 A to J to 

Sprasteel 40 . 30 to 45 5,000 to 6,000 to J to ^ 

Sprasteel 80.30 to 45 5,000 to 6,000 A to I ^ to ^ 

Sprasteel 120.30 to 45 5,000 to 6,000 iV to ^2 


♦ For the first six metals listed use silicon-carbide wheels, vitrified bond, 
of No. 60 soft abrasive. For the last eight, use silicon-carbide wheels, 
vitrified bond. No. 46 grit, very soft grade. 

t It may be necessary with these metals to apply a light coat of machine 
oil after each cut to keep the wheel from loading. 

Notes: Frequent dressing of the wheel when finish grinding Sprabronze 
and copper W'ill promote faster cutting if more than one piece is to be ground, 
because of the loading that takes place on the wheel face from this type of 
material. 

Recommended infeed per pass for rough grinding is 0.001 in. Use ex¬ 
tremely light infeed for finishing. 

wheel was run down against the crusher, and a crank was used to 
turn the wheel slowly and impress the lorm in its surface. 

Technique of Crush-Dressing 

Roughly speaking, the present technique of crush dressing an 
abrasive wheel is as follows: A crusher is made similar to a circular 
form tool, carrying the identical shape to be ground in the w'ork 
piece. This crusher is usually mounted on antifriction bearings 
that will allow no end play. It is placed in a suitable fixture 
which, in turn, is attached to the machine by a method depending 
upon the type of installation and permits the crusher to be slowly 
moved toward the wheel or the wheel toward the crusher. The 
axis of rotation of the crusher should be parallel to the axis of 
rotation of the grinding wheel for best results. 

The peripheral speed should be approximately 250 to 300 feet 
per minute. While rotating, the axes of the two are slowly brought 
together with the result that grit is removed from the wheel. 
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Crush-Dressing Has Many Advantages 

As previously mentioned, in the development of crush-dressing 
a number of advantages were found to be of greater importance 
than the simplification. They may be listed as follows: 

1. On the most varied of profiles, crush-dressing forms the wheel 
to the desired shape in a fraction of the time possible by any of the 
previous conventional dressing methods. 

2. Crush-dressing provides a better cutting surface with many 
more sharp cutting points and without the dull flats produced by 
diamong-dressing. 

3. The number of pieces that may be ground per dressing is 
remarkably increased. 

4. The cost of dressing tools is greatly reduced, not only because 
of the number of pieces ground per dressing, but also because of the 
tremendous number of dressings possible with the crushei-dressed 
tools. Although still having some limitations, this is the modern 
inexpensive way of dressing a grinding wheel and getting the most 
intricate of shapes. 

5. Longer wheel life is obtained by crusher-forming because it is 
only necessary to remove the dulled grits. The dressing operation 
itself does not tend to dull the grits as in diamond-dressing. 

6. Crush-dressing allows closer grinding of work and reduces 
the hazard of burning. Less pressure is necessary to remove stock. 
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SCREW-MACHINE TOOLS, SPEEDS, AND FEEDS 

Box tools are the most commonly used of all screw-machine 
tools, whether on hand or automatic machines. This is because 
they can be used for roughing or finishing cuts on straight turning 
or several tools can be used in the one holder and a series of diame¬ 
ters turned at once. Or a centering tool, or a drill, or some facing 
tool can be set in the shank and still another operation thus accom¬ 
plished with the original box tool. The cutters or bits employed 
admit of a variety of arrangements. 

Although the box tool is useful as a roughing tool, it is more 
generally employed in modern practice for finishing cuts, the 
toughing being more commonly done with such a tool as a hollow 
mill, which is usually made to turn from 0.006 to o.oi 2 inch oversize. 



Fig. I. —Tangent Box Tool 


The box tool with tangent form of cutter and adjustable back 
rests is shown in Fig, i. The cutter or bit is slightly in the lead of 
the back rests and cuts to size so that the work enters the rests and 
is supported therein for the entire length of the cut. 

If two cutters are to be used in the li)x tool, the box is slotted out 
to proper width. Each tool is independently adjustable, and in 
some types the cutters are carried in separate blocks adjustable 
along the length of the box toolholder. Roller back rests are also 
used in some cases. 

In Fig. 2, the edge of the cutter is over the center of the work, and 
the angular, or side, clearance a is usually 8 or 10 degrees. The 
face h is ground back to give a good cutting effect at an angle c of 
15 to 40 degrees depending upon material, etc. The angle d may 
be from o to 15 degrees or more according to conditions. 
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HOLLOW MILLS 

The hollow mill so commonly used on hand and automatic screw 
machines is particularly useful for roughing cuts and ordinarily for 
such purposes is made to turn the work to within 0.006 or 0.008 inch 
above size for diameters up to J inch. For sizes above that, up to 
about H inch, an allowance commonly left by the hollow mill for 
finishing by box tools or otherwise is o.cio to 0.012 inch. 

The hole a, Fig. 3, is ground taper to provide clearance and pre¬ 
vent drag at the back of the mill. The taper usually ranges from 
0.006 to 0.015 inch large at the back end of the hole according to the 
size of the mill. 

Hollow mills are made with the cutting edge of the teeth tangent, 
or parallel, to the radial line through the center, the amount d the 
cutting edge is ahead of center varying with the diameter of the hole 
in the mill. The amount ahead of center is somewhat greater than 



Fig. 2 .—The Cutting Tool 



For Steel For Bnass 
(B&S stales) 

Fig. 3.— Hollow Mills 


in early practice as Brown & Sharpe Mfg. Co. recommend i of the 
diameter for mills up to i inch and } of the diameter for large» 
mills, up to in. This refers to hollow mills for turning steel 
For brass the teeth should be ahead of the center approximately 
o.oio to 0.015 inch. 

By referring to h'ig. 3 and Table i, it will be seen that as the 
mills are ground, the rake b causes the cutting edge to move back 
toward the center with each grinding. With too small allowance 
ahead of center, the mill is used back too rapidly, as its useful 
cutting life is practically limited to the point where it reaches the 
center line. 

Two styles of Brown and Sharpe mills are shown in Fig. 3; one 
with plain body (style 2) and one with enlarged head (style 3). The 
hollow mill for brass is made with straight lip instead of with the top 
rake b. 

Table i gives essential details of hollow mills for different sizes of 
Brown and Sharpe automatics and wire feed machines. The top 
rake b for the teeth is usually at an angle of about 16 degrees for 
cutting steel. For brass this angle is zero, the top or face of the 
tooth being parallel with the centerline. The clearance angle c 
at the end of the tooth should be from 12 to 15 degrees. Where 
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feasible, it is desirable to bevel off the inner corners of the teeth 
at e to an angle of 45 degrees. This helps to guide the hollow mill 
and give a free cutting action. 


Table i.—Hollow-Mill Proportions 
Brown and Sharpe Screw Machines 


i 

No. 

of 

Mill 

Style 

No. of 
Machine, 
Where Used 

Regular 

Sizes 

Diam¬ 
eter of 
of 

Shank 

Lenph 

Shank 

Diam¬ 
eter of 
of 

Head 

Length 

of 

Head 

Total 

Length 

ooC* 

2 

00, ooGj 

) 

A to by 

i 

No. 5 i 


I 


If 

ooD 

2 

and 19] 


sixty- 

Taper 


i 


If 



Auto. ‘ 

\ 

fourths 






( 0 and oG ] 

) 1 

i to A by 

i 

i 

i 

i 

If 

2 oA 

3 

•< Auto 


sixty- 






j I W.F. ! 

M 

fourths 








( 0 and oG j 

) ! 

i t? i by 

1 

i 

i 

1 

If 

20 Bt 

3 

•1 Auto I 


thirty- 


i I W.F. ! 

) 

seconds 






2 iA 

2 

I Auto 

1 to I by 

i 


1 


2 




thirty- 

seconds 






22A 

2 

/2 and 2G'\ 
) Auto 2 f 

I and 2F ( 
IW.F, }\ 

i to I’k by 
thirty- 
seconds 

I 


I 

1 


2 i 



(Z and 2G^ 
) Auto 2 I 
\\ and 2F1 

IW.F. J 

1 

i 3 to by 

I 

lA 

li 


2I 

22C 

3 


thirty- 

seconds 





1 


Note. —Style 2 mill is made with a straight body. Style 3 has reduced 
tfhank as dimensioned in above table, 

* Made in both right- and left-hand styles, 
t For brass. 


DIES AND TAPS 

It is good practice in making spring-screw dies either to hob out 
the thread with a hob tap 0.005 to 0.015 ii^ch oversize, according 
to size, and in use to spring the prongs to proper cutting size by a 
clamping ring, or to tap the die out from the rear with a hob tap 
tapering from 3^ inch to J inch per foot, leaving the front end about 
0.002 inch over cutting size, and in this case also to use a clamping 
ring. Both of these schemes are for the purpose of obtaining back 
clearance and are effective. Of the two, the use of the taper hob is 
to be preferred. 


Spring-Die Sizes 

The dimensions for spring-screw dies, with Fig. 4, should prove 
of service, particularly for steel. For brass the cutting edge is 
radial, thus eliminating dimension A . The width of land at bottom 
of thread is usually made about one-fourth outside diameter of cut, 
the milling between flutes being 70 degrees, leaving 50 degrees 
for the prong in the case of three-flute dies. 



ALLOWANCE FOR THREADING 


S4S 



Small Sizes of Dies 
(Overall Dimensions Given in Sketch) 


D « 

A 

i 

A 

i 

A 

No. 

3 

4 

6 

8 

10 

13 

Threads P. I. = 

64 

40 

32 

20 

18 

56 

40 

32 

24 “ 

32 

24- 

32 

24- 

32 

A ^ ~ 

10 

.006 

.012 

.019 

.025 

.031 

.010 

.oil 

.014 

.016 

.019 

.021 

L = 

A 

A 

f 

h 

h 

A 

i 

A 

A 

H 

1 


Sizes f to i Inch 


D = 

1 to i 

i to 1 

i to r 

Threads P. I. = 

Std. 

Std. 

Std. 

A = 

D -T- 10 

D -r- 10 

D -f- 10 

L = 

} 

l" 


O.S. Dia. 

I" 

li 

if 

Length 

2 " 

2i" 

2f" 


Fig. 4.—Spring-Die Sizes 


Boring Work for Threading 

When holes are bored previous to tapping, they should be some¬ 
what larger than the theoretical diameter at bottom of thread, as the 
crowding action of the tap will cause the metal to flow some and 
compensate for this. Where no allowance is made, frequent tap 
breakage is liable to occur, as well as torn threads in the work. On 
external work it is advisable for the same reasons to turn the work 
undersize, and Table 2 gives good average allowances for internal 
and external work. 
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Table 2.—Allowances for Threading in the Screw Machine 


Threads 
per Inch { 

External Work 

Turn Undersize 

Internal Work 

Increase Over Theoretical 
Bottom of Thread 

28 

0.002 

0.004 

24 

0.002 

0.0045 

22 

0.0025 

0.005 

20 

0.0025 

0.0055 

16 

0.003 

0.006 

14 

0.003 

0.0065 

13 

0.0035 

0.007 

12 

0.0035 

0.007 

II 

0.0035 

' 0.007s 

10 

0.004 

0.008 

9 

0.004 

0.0085 

8 

0.0045 

0.009 

7 

0.0045 

0.0095 

6 

0.005 

1 

O.OIO 


Tap Length and Number of Lands 

The number of teeth in taps and the width of land should be 
regulated by the diameter and pitch of work as well as the nature of 
the material being cut. On fine threads, where a shrunken thread is 
to be ensured against, more teeth are required than on a coarser 
pitch of the same diameter. A good average number of teeth on 
taps for American standard threads is given in the following table. 


Outside Diameter 

No. of Flutes 

Width of Land 

A 

4 

A 

i 

4 

A 

A 

4 

A 

I 

4 

A 

A 

4 

A 

\ 

4 

i 

i 

4 

A 

i 

4 

A 

1 

4 

A 

I 

4 

i 

I i 

4 

A 


With too few teeth and too short land, very little support is avail¬ 
able, and this may cause chattering; too much land in contact 
causes heat, may cause excessive friction, welding of chips, and torn 
threads. 
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FORMING TOOLS 

The two types of forming cutters commonly used in the screw 
machine are shown in Figs. 5 and 6. The circular forming cutter in 
Fig. 5 is usually cut away from J to inch below center to give 
suitable cutting clearance, and the center of the tool post on which 
it is mounted is a corresponding amount above the center of the 
machine, so that the cutting edge of the circular tool is brought on 
the center line of the work. The relative clearance ordinarily 
obtained by circular cutters and dovetail tools of the type shown in 
Fig. 6 is indicated in F'ig. 7. It is obvious that with a given 
material the larger the diameter of the work, the greater the angle of 
clearance required. Clearance angles are seldom less than 7 degrees 
or over 12 degrees. The diagram with Fig. 6 shows why form tool 
contours must vary with the clearance angle. 



Figs. 5 and 6.—Circular and Dovetail Form Tools 

The diameter of circular forming tools is an important matter for 
consideration. A small diameter has a more pronounced change of 
clearance angle than a large diameter. In fact, when of an exceed¬ 
ingly large diameter, the circular tool approaches in cutting action 
the dovetail type of tool which is usually provided with about 10 
degrees clearance. Circular tools usually range from about i| to 
3 inches diameter, depending upon the size of machine in which 
they are used. 

Getting the Tool Diameters at Different Points 

In order to make a circular or a dovetail type of tool so that the 
contour of its cutting edge is such as to produce correct work, the 
amount a circular tool is cut below center, as at c in Fig. 8, and 
the clearance angle of a dovetail tool as at in Fig. 7 must be 
known. Thus, referring to Fig. 8, the forming tool shown cuts two 
different diameters on the work, the step between being repre¬ 
sented by dimension a. To find depth / to which the forming tool 
must be finished on the center line to give the correct depth of cut a 
in the work (the cutter being milled below center an amount repre¬ 
sented by c), the following formula may be applied: 

(2a\/g* “ C®). 

Suppose the depth of cut in the work represented by a to be 0.152 
second; the radius g of the forming cutter i inch; the distance c 
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FIG. 8 

Figs. 7 to 9. —Forming-Tool Diameters and Depths 
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which the forming tool is milled below center, Applying the 
formula given to find/and substituting the values just given for the 
letters in the formula we have 

y = I _ V I 4 - 0.0231 - (o.304\/1 - 0.03516) 

= I - V I + 0.0231 - (0.304 X 0.9823) 

= I — -v/ 0.724485 = 1 ~ 0.8512 = 0.1488. 

Then / = 0.1488 


Dovetail-Tool Depths 

If a similar piece of work is to be formed with a dovetail type of 
cutter, the distance T, Figs. 7 and 9, to which it is necessary to 
plane the tool shoulder in order that it may cut depth a correctly in 
the work, is found by the formula: 7 ’ = a (cos A'). As 10 degrees 
is the customary clearance on this form of tool, the cosine of this 
angle, which is 0.98481, may be considered as a constant, making 
reference to a table of cosines unnecessary as a rule. Assuming the 
same depth for a as in the previous case, that is, 0.152 inch, and 
multiplying by 0.98481, we have 0.1496 inch as the depth of T to 
which the tool must be planed. 

Making Forming Tools 

As already stated, since the top of a formed tool is flat and is set 
on the center line of the work, as illustrated in P'ig. 6, and since it is 
held at an angle, it will readily be seen that the outline at the top 
and that on the line A A will vary with the angle. This variation 
is illustrated in Fig. 6. If a piece of round stock is cut oil on the 
line A Ay its section will be circular, but if the cut is made on the line 
BB, the section will be elliptical. Thus, change of form caused 
by the angle at which the tool is held must always be taken into 
consideration in making formed tools. 

As a practical example of the method to be followed in making a 
dovetail formed tool, let it be assumed that t e work it is to do is to 
produce the part A in Fig. 10. Either from a sample of the work 
or from a drawing, matched templets, as at B and C, should be made 
of tool steel about ^ inch thick, and the outlines must be worked 
out accurately. 

The next step is to make the master tool D. This tool should be 
about I inch thick, and the outline must be worked out carefully to 
fit templet B, A hole is drilled in the master tool for a screw to 
secure it in the toolholder, after which it is hardened and then drawn 
to a medium straw color, assuming that the material is carbon steel. 

The fixtures used in planing a dovetail tool are illustrated in 
Fig. II. The fixture in which the blank for the formed tool is held 
is attached to the shaper table, the blank being located by its dove¬ 
tail and secured by screws bearing against a gib. The master tool 
D is held in its holder at an angle of 10 degrees in transferring its 
outline to the formed tool. Thus it follows that when the formed 
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tool is held at the same angle in the machine in which it is to be used, 
it will impart the desired outline to the work. 

It is obvious that the master tool has a negative rake when applied 
to the formed tool. Thus it cannot really cut; the best it can do is 
to scrape. For this reason, the outline on the formed tool should 
be first worked out with ordinary tools until it is approximately 




Fig. 12 



Fig. 13 




Figs. 10-17. —Steps in Making Dovetail and Circular Forming Tools 


correct. To expedite this operation, it is a good plan to solder 
templet C, Fig. 10, to a bracket in which it will incline forward 
at the top at an angle of 10 degrees, as shown in Fig. 12. With the 
templet thus held at the correct angle, it can be used as a guide in 
roughing out the formed tool. 

When the outline is approximately correct, the master tool D is 
set in place to complete the operation, as shown in Fig. ii. Every 
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precaution must be taken to prevent the master from tearing the 
surface of the formed tool. A shaper, run at its slowest speed, 
should be used. Very light cuts should be taken and the tool 
should be well lubricated with genuine lard oil. 

After the outline has been finished on the formed tool, the formed 
tool is held in the fixture illustrated in Fig, 13 and the top is planed 
off. The fixture consists of a block to hold the tool at the desired 
angle by means of screws bearing against a gib on one side of the 
dovetail. After the formed tool has been hardened and drawn, it is 
held in the same fixture in the surface grinder for grinding the top 
smooth. This fixture is also used in sharpening the tool as occasion 
requires. 

The method to be followed in making formed tools of the circular 
type differs slightly from that used in making dovetail tools. In 
Fig. 5 it will be seen that the cutting edge of the tool is below its 
center. The line BB is in line with the center of the work. Thus, 
the toolholder must have its hole for the stud above the center 
of the work the same amount as the distance between the lines A A 
and BB. The amount of this clearance will vary with different 
machines in which the tools are to be used. 

The procedure to be followed in making a formed too-I of the 
circular type is indicated in Fig. 14, where A is the work to be 
produced. Matched templets B and C are made as in the case 
of the dovetail tool. The master tool D is made to fit templet C. 
A second master tool F is made from the first one and is used to turn 
the form on the circular tool H. In Fig. 15 it will be seen that 
in finishing the second master tool the first master tool is held in a 
holder inclined at about 10 degrees and that the second master 
tool is held at the same angle in a fixture attached to the shaper 
table. 

In turning the form on the circular tool with the second master 
tool, the master tool must be set below the center the predetermined 
distance between the lines A A and BB in Fig. 5 . Thus, when the 
circular tool has been put in use, when line BB \s brought into line 
with the center of the work, the correct contour will, of necessity, be 
formed on the work. 

In using the second master tool to turn the form on the circular 
tool, due care must be taken to use very light cuts, for a tool of any 
kind used below the center is likely to cause the work to rise or 
spring upward. 

The object of the lo-degree angle on the second master tool is to 
give the clearance A A, Fig. 16, so it will cut properly. After the 
circular tool has been turned to shape, it is gashed by cutting away 
the portion indicated by the dotted lines. It is than hardened and 
drawn and sharpened ready for use. In shai^ening the tool, the 
fixture in Fig. 17 is useful. The dotted lines indicate the metal to 
be ground off. The fixture is used on the surface grinder. The 
block A is hardened and the offset gage B is used for checking 
the distance of the cutting surface of the tool from surface C of 
the block; it being understood that the correct relation exists 
between the surface C of block A and the stud on which the tool is 
located. 
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Circular Tool for Conical Points 

When a circular cutter is to be made for forming a conical surface 
on a piece, as in Fig. i8, a master tool of the exact angle required on 
the work may be used for finishing the cutter in the same way as the 
tool in Fig. g is applied; that is, the master is to be dropped below 
center the amount the cutter center is to be above the work center 
when in operation. The distance is represented by D in Fig. i8. 
Another method, which avoids the necessity of making a master 
tool, is to set the compound rest of the lathe to the exact angle 



Fig. 1 8 . —Circular Forming Tool for Conical Points 


required (in this case 30 degrees with the center line) and with a 
horizontal cutting tool set at distance D below center, turn off one 
side of the cutter blank and then set the compound rest around the 
other way and face off the other side. If desired a similar method 
may be followed for grinding the forming cutter after hardening. 
The arbor carrying the cutter should be located either above or 

(R “F r) 

below the grinding wheel a distance equal to D- - -y where D 


equals the depth the cutter is milled below center, r the radius of 
the cutter, and R the radius of the grinding wheel. Assume D to 
be 0.187 (A) inch; i2, 2.5 inches; and r, i inch; the vertical distance 
between centers of forming tool and grinding wheel centers would 

equal 0.187 ^^ - ^^ = 0.187 (3*5) = 0.6562 (fj) inch. 
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Finding Diameters of Circular Forming Tools 

In making circular forming tools it is often desirable to check 
the finished tool or finish a tool by grinding. It may also be advan¬ 
tageous to know the exact diameter a tool should be turned while 
making it, in order that calipering may be more convenient and 
certain. Methods of computing the diameter at different points 
are given on page 547, but in many cases of this kind the following 
tables will greatly facilitate matters, particularly when making 
circular forming tools for Brown and Sharpe automatics. 

Suppose, for example, we have a piece to make like Fig. 19 on the 
No. 2 Brown and Sharpe automatic screw machine. The largest 
diameter of the circular form¬ 
ing tool would produce the 
smallest diameter of the 
piece, which is 0.250 inch. 

The difference between this 
0.250-inch diameter and the 
step of the 0.750-inch diam¬ 
eter is (0.750 -■ 0.250 inch) 

-i- 2 = 0.250 inch. 

The largest diameter of the 
circular forming tool for the No. 2 machine is 3 inches, which corre¬ 
sponds to a radius of 1.49998 inches with a base line of 1.479 inches 
for the triangle completed by perpendicular joining the cutting line 
of the tool with the parallel line passing through the center of the 
tool. 

The hypotenuse of the triangle is formed by the radius joining 
the intersection of the base line and the circumference of the tool, 
as in Fig, 20. Subtracting 0.250 inch from 1.479 inches, we have 
1.229 inches, which, in Table 4, corresponds to a radius of i.25417 
inches, and multiplying by 2 gives a diameter of 2.50834 inches, 
to which to turn the cutter to form correctly the 0.750-inch diameter 
on the piece, Fig, 19. 

Considering the largest diameter of the piece and taking the height 
of the second step above the first diameter, we have (0.938 — 0.25) 2 

= 0.344 inch, and subtracting from 1.479 “ inr the base line, 

which, in Table 6, corresponds to a radius of 1.16221. Multiplying 
by 2 gives a diameter of 2.3244 to turn the cutter to in order to pro¬ 
duce the 0.938-inch diameter on the work. Tables 4, 5, and 6 are 
for cutters of the dimensions given in Table 3. 

These tables are figured in steps of o.ooi inch for the capacity of 
the machines. A difference of a fractional part of a thousandth 
can be added to the radius if the step is a part of a thousandth over 
the base-line figures, which are given in even thousandths. For 
illustration: Say the base-line figure is 1.4765 inches. In Table 6 
1.476 inches corresponds to a radius of 1.49702; add 0.0005 inch to 
1.49702, and the radius will be as near correct as it is practicable to 
make a cutter. 

Box tools for duralumin should be set a little above the center 
and have 5 degrees front clearance. Shaving or forming tools work 
well with 10 degrees shear and 10 degrees front clearance. 





—To.»^ 

Fig. 19.—The Piece to Be Made 



Angle of Clearance, Deg. 
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Fig. 20. —Chart for Circular Tools 
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Table 3.—Dimensions of Cutters for 
B. & S. Automatic Screw Machines 
(Dimensions in Inches) 


Mach. 

No. 

Approx. 

Diam. 

Max. 

Radius 

Max. 
Base 
Line j 

Distance 
above or 
below 
Center 

2 & 2G 

3 

1.49998 

1.479 1 

0.250 

0 & oG 

2.250 

I.12474 

1.114 

0.15625 

00 <& ooG 

1.750 

0.87497 

0.866' 

0. 125 


Table 4.—Finding Diameters of Circular Forming Tools for 
Brown & Sharpe No. 00 Automatic Screw Machine 


No. 00& ooG 

No. 00 & ooG 

No. 00& ooG 

No. 00 & ooG 

No. 00 & ooG 

Base 

Line 

Radius 

Base 

Line 

Radius 

Base 

Line 

Radius 

Base 

Line 

Radius 

Base 

Line 

Radius 

.866 

.87497 

.841 

.85024 

.815 

.82453 

.789 

.79884 

.763 

.77317 

.865 

.87398 

.840 

.84925 

.814 

.82354 

.788 

.79785 

.762 

.77218 

.864 

.87300 

.839 

.84826 

.813 

•82255 

.787 

.79686 

.761 

.77120 

.863 

.87201 

.838 

.84727 

.8X2 

.82156 

.786 

.79588 

.760 

.77021 

.862 

.87102 

.837 

.84628 

.811 

.82058 

.785 

.79489 

.759 

.76922 

.861 

.87003 

.836 

.84529 

.810 

.81959 

.784 

.79390 

.758 

.76823 

.860 

.86004 

.83 s 

.84430 

.809 

.81860 

.783 

.79291 

.757 

.76725 

•859 

.86805 

.834 

.84332 

.808 

.81761 

.782 

•79193 

.756 

.76626 

.858 

.86706 

.83.3 

.84233 

.807 

.81662 

.781 

•79094 

.755 

.76528 

.857 

.86607 

.832 

.84134 

.806 

.81564 

.780 

.78995 

•754 

.76429 

.856 

.86508 

.831 

.8403 s 

.805 

.81465 

.779 

.78896 

.753 

•76330 

.8SS 

.86409 

.830 

.83936 

.804 

.81366 

.778 

.78798 

.752 

.76233 

.854 

.86310 

.829 

.83837 

.803 

.81267 

•777 

.78699 

.751 

.76133 

.853 

.86211 

.828 

•83738 

.802 

.81168 

.776 

.78600 

•750 

.76035 

.75936 

.852 

.86112 

.827 

•83639 

.801 

.81069 

.775 

.78502 

.749 

.851 

.86013 

.826 

.83540 

.800 

.80971 

.774 

.78403 

.748 

.75837 

.850 

.85914 

.825 

.83442 

.799 

.80872 

.773 

.78304 

.747 

.75739 

.849 

.85815 

.824 

.83343 

.798 

.80773 

.772 

.78205 

.746 

.75640 

.848 

.85716 

.823 

.83244 

.707 

.80674 

.771 

.78107 

• 745 

.75541 

.847 

.85617 

.822 

.83145 

^96 

.80576 

.770 

.78008 

•744 

•75443 

.846 

.85518 

.821 

.83046 

.795 

.80477 

.769 

.77909 

.743 

.75344 

.845 

.85420 

.820 

.82947 

.82848 

.794 

.80378 

.768 

.77811 

.742 

.75246 

.844 

.85321 

.819 

.818 

.793 

.80279 

.767 

.77712 

.741 

.75147 

•843 

.85222 

.82750 

.792 

.80180 

.766 

.77613 

.740 

•75048 

.842 

.85123 

.817 

.82651 

.791 

.80082 

.765 

.7751S 





.816 

.82552 

.790 

.79983 

.764 

.77416 




Note. —In Tables 4, s and 6, it should be noted, as explained on page S53, 
that the base-line dimensions in the columns under that heading and in the 
diagram, Fig. 21, are actually the distance of the cutting edge of the tool 
from the center of the cutter, the latter being used in the machine a certain 
distance either above or below the spindle center corresponding to Table i. 
The distance from the cutting edge to center is, therefore, shorter than the 
true cutter radius by the amount indicated in the tables. 
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Table 5.—Finding Diameters of Circular Forming Tools for 
Brown & Sharpe No. o Automatic Screw Machine— 
Continued 


No. 0 

No. 0 

No. 0 

No. 0 

No. 0 

Base 

Line 

Radius 

Base 

Line 

Radius 

Base 

Line 

Radius 

Base 

Line 

Radius 

Base 

Line 

Radius 

1.114 

I.12474 

1.060 

1.07143 

1.010 

1 .02159 

.960 

.97263 

.910 

.92331 

1.113 

I.12376 

1.059 

1.07044 

1.000 

1.02050 

.959 

.97165 

.909 

.92233 

1.112 

I.12278 

1.058 

I,06945 

1.008 

1.01959 

.958 

.97067 

. 908 

.92135 

I.Ill 

I.12180 

1.057 

1.06845 

1.007 

I.01860 

.957 

.06969 

.907 

.92036 

I. no 

1.12082 

1,056 

1.06746 

1.006 

1.01760 

.956 

.96871 

.906 

.91938 

1.109 

T.11984 

1.055 

I.06646 

1.005 

I.01660 

.955 

.96773 

.905 

,91840 

1.108 

1.11886 

1.054 

1.06547 

1.004 

1.01560 

.954 

.96675 

.904 

.91742 

1.107 

I.11788 

1.053 

1.06448 

1.003 

1.01461 

.953 

.96578 

.903 

.91644 

1.106 

1.11690 

1.052 

I.06349 

1.002 

1.01361 

.952 

,96481 

. 902 

.91546 

1.105 

I.IIS 92 

1.051 

I.06250 

1.001 

1.01261 

.951 

.96383 

.901 

.91448 

1.10^ 

I.11494 

1.050 

1.06151 

1.000 

1.01162 

.950 

.96285 

.900 

.91349 

1.103 

I.11396 

1.049 

1.06051 

.999 

1.0106s 

.949 

.96186 



1.102 

I.11298 

1.048 

I.05951 

.998 

I.00968 

.948 

.96087 



I . lOI 

I.II 200 

1.047 

1,05851 

.997 

1.00871 

.947 

.95988 



1.100 

I.IIIO3 

1.046 

1.05751 

.996 

1.00774 

.946 

.95889 



1.099 

I.I1004 

1.04s 

1.05652 

.995 

1.00677 

.945 

.95790 



1.098 

r.I090s 

1.044 

r.05552 

.994 

I.00580 

.944 

.95691 



1.097 

i.10806 

1.043 

I .05452 

.993 

1.00483 

.943 

.95592 



1.096 

T.10707 

1.042 

1.05352 

.992 

1.00386 

.942 

.95492 



1.095 

I.10608 

1.041 

1.05252 

.991 

1.00289 

.941 

.95393 



1.094 

I.IOS09 

1.040 

r.05153 

.9<W 

1.00192 

.940 

.95294 



1.093 

I.I04IO 

1.039 

1.05053 

.989 

1.00096 

.939 

.95195 



1,092 

I.I03II 

1.038 

r.04953 

.988 

.99993 

.938 

95096 



1.091 

I .I02I2 

1.037 

1.04853 

.987 

.99897 

.937 

.94997 



1.090 

I.IOII3 

1.036 

1.04753 

.986 

.99800 

.936 

.94898 



1.089 

I.IOOI4 

1.035 

1.04653 

.985 

.99704 

.935 

.94799 



1.088 

I.099TS 

1.034 

1.04554 

.984 

.99608 

.934 

.94700 



1.087 

I.09816 

1.033 

1.04454 

.983 

.99512 

.933 

.94601 



1.086 

I.09717 

1.032 

1.04354 

,982 

.99416 

.932 

.94502 



1.08s 

1.09618 

1.031 

1.04254 

.981 

.99320 

.931 

.94403 



1.084 

1.09519 

1.030 

I.04154 

.980 

.99224 

.930 

.94303 



1.083 

I,09420 

1.029 

1.04055 

.979 

.99128 

.929 

.94201 



1.082 

I.09321 

1.028 

1.03955 

.978 

.90032 

,928 

.94102 



1.081 

I.09222 

1.027 

11.03855 

.977 

.98936 

.927 

.94003 



1.080 

I.09123 

1.026 

1.03755 

.976 

.98840 

.926 

.93905 



r.079 

1 .09024 

1.025 

1,03656 

.975 

.98743 

.925 

.93807 



1.078 

1.0892s 

1.024 

1.03556 

1 .974 

.98645 

.924 

.93709 



1.077 

1.08826 

1.023 

1.03456 

.973 

.98547 

.923 

.93611 



1.076 

1.08727 

1.022 

[1.03356 

.972 

.98449 

.922 

.93513 



I.07S 

I.08629 

1.021 

1.03256 

.971 

.98351 

.921 

.93415 



1.074 

1.08530 

1.020 

1.03157 

.970 

.98253 

.920 

.93317 



1.073 

1.08431 

1.019 

1.03057 

.969 

I .98155 

.919 

.93219 



1.072 

1.08332 

1,018 

1.02957 

.968 

.98057 

.918 

.93121 



1.071 

1.08233 

I.017 

1.02857 

.967 

.97958 

.917 

.93023 



1.070 

1.08134 

1.016 

1.02757 

.966 

.97859 

.916 

.92925 



1.069 

1.08035 

1.015 

1.02658 

.965 

.97760 

.915 

.92826 



1.068 

1.07936 

1.014 

1.02558 

.964 

.97661 

.914 

.92727 



1.067 

1.07837 

1.013 

I.02458 

.963 

.97561 

.913 

.92628 



1.066 

1.07738 

1,012 

1.02358 

.962 

.97462 

.912 

.92529 



1.06s 

1.07639 

I .Oil 

1.02258 

.961 

.97362 

.911 

.92430 



1.064 

I.07540 









1.063 

1.07441 









1.062 

1.07342 









1.061 

1.07243 
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Table 6.—For Finding Diameters of Circular Forming 
Tools for Brown & Sharpe No. 2 Automatic 
Screw Machine 


No. 2 & 2G 

No. 2 & 2G 

No. 2 & 2G 

No. 

2 & 2G 

No. 2 & 2G 

Base 

Line 

Radius 

Base 

Line 

Radius 

Line 

Radius 

Base 

Line 

Radius 

Base 

Line 

Radius 

1.479 

1.49998 

1.430 

1.45168 

1.380 

1.40246 

1-330 

1.35329 

1.280 

1.30419 

1.478 

1.49899 

1.429 

1.45070 

1.379 

1.40148 

1.329 

1.35231 

1.279 

1.30320 

1-477 

1.49801 

1.428 

1.44982 

1.378 

1.40050 

1.328 

1-35133 

1.278 

1.30222 

1.476 

1.49702 

1.427 

1.44873 

1.377 

1.39952 

1.327 

1.35035 

1.277 

1.30124 

1-475 

1.49604 

1.426 

1.44775 

1.376 

1-39853 

1.326 

1.34936 

1.276 

1.30026 

1-474 

1-49505 

1.425 

1.44676 

1.375 

1-39754 

1-325 

1.34838 

1.275 

1.29928 

1-473 

1.49406 

1.424 

1.44578 

1.374 

1.39656 

1-324 

1.34740 

1.274 

1.29830 

1-472 

1.49308 

1-423 

1.44479 

1.373 

1.39558 

1-323 

1.34641 

1-273 

I 29732 

1.471 

1.49209 

1.422 

1.44381 

1.372 

1-39459 

1.322 

1.34543 

1.272 

1.29633 

1.470 

1.49110 

1.421 

1.44282 

1.371 

1.39360 

1.321 

1.34445 

1.271 

I- 29 S 35 

1.469 

1.49012 

1.420 

1.44184 

1-370 

1.39262 

1.320 

1-34347 

1.270 

1-29437 

1.468 

1.48913 

1.419 

1.4408s 

1.369 

1.39164 

1.319 

1.34248 

1.269 

1.29339 

1.467 

1.48815 

1.418 

1.43987 

1.368 

1.39066 

1.318 

1-34150 

1.268 

1.29241 

1.466 

1.48716 

1.417 

1.43874 

1.367 

1.38967 

1.317 

1.34052 

1.267 

1.29143 

1.465 

1.48618 

Z.416 

1.43790 

1.366 

1.38869 

1.316 

1.33954 

1.266 

1.29045 

1.464 

1.48519 

1-41S 

1.43690 

1.365 

1.38770 

1.31s 

1.33855 

1.265 

1.28947 

1.463 

1.48421 

1.414 

1-43593 

1.364 

1.38672 

1.314 

1-33757 

1.264 

I 28848 

1.462 

1.48322 

1.413 

1.43495 

1.363 

1.38574 

1.313 

1-33659 

1.263 

1.28750 

1.461 

1.48223 

1.412 

1.43396 

1.362 

1.38475 

1.312 

1.33560 

1.262 

1.28652 

1.460 

1.4812s 

1.411 

1.43298 

1.361 

1.38377 

1.311 

1.33462 

1.261 

1-28554 

1-459 

1.48026 

1.410 

1.43199 

1.360 

1-38279 

1.310 

1.33364 

1.260 

1.28456 

1.458 

1.47928 

1.409 

1.43100 

1-359 

1.38181 

1.309 

1.33266 

1-259 

1.28358 

1-457 

1.47829 

1.408 

1.43002 

1-358 

1.38082 

1.308 

1.33168 

1.258 

1.28260 

1.456 

1.47731 

1.407 

1.42905 

1.357 

1.37984 

1.307 

1.33069 

1-257 

1.28162 

1-455 

1.47632 

1.406 

1.42805 

1.356 

1.37885 

1.306 

1.32971 

1.256 

1.28064 

1.454 

1-47534 

1.40s 

1.42707 

1.355 

1.37786 

1-305 

1.32873 

1.255 

1.27966 

I- 4 S 3 

1-47435 

1.404 

1.42608 

1-354 

1.37689 

1.304 

1-32775 

1-254 

1.27868 

1.452 

1.47337 

1.403 

I.42510 

1.353 

1-37590 

1-303 

1.32677 

1.253 

1.27770 

1-451 

1.47238 

1.402 

1.42411 

1-352 

1-37492 

1.302 

1.32578 

1.252 

1.27672 

1.450 

I-47139 

1.401 

I.42313 

1. 35 1 

1.37393 

1.301 

1.32480 

1.251 

1.27574 

1.449 

1.47041 

1.400 

1.42215 

1.350 

1.37295 

1.300 

1.32382 

1.250 

1.27476 

1.448 

1.46944 

1.399 

1.42116 

1.349 

1-37197 

1.299 

1.32284 

1.249 

1.27377 

1.447 

1.46846 

1.398 

1.42017 

1.348 

1.37098 

1.298 

1.32186 

1.248 

1.27279 

1.446 

1.4674s 

1-397 

I.41919 

1-347 

1.37000 

1.297 

1.32087 

1.247 

1.27181 

1-445 

1.46647 

1.396 

1.41821 

1.346 

1.36902 

1.296 

1.31989 

1.246 

1.27083 

1.444 

1.46548 

1-395 

1.41723 

1.345 

1.36804 

1.295 

1 31891 

1-245 

1.26985 

1.443 

1.46459 

1.394 

1.41624 

1.344 

1.36705 

1.294 

1.31793 

1-244 

1.26887 

1.442 

1.46351 

1.393 

1.41526 

1.343 

1.36607 

1.293 

1.3169s 

1.243 

1.26789 

1.441 

1.46253 

1.392 

1.41427 

1.342 1 

1 1.36509 

1.292 

1.31596 

1.242 

1.26691 

1.440 

1.46154 

I-391 

1.41329 

1.341 

1.36410 

1.291 

1.31498 

1.241 

1.26593 

1.439 

1.46056 

1.390 

1.41230 

1.340 

1.36312 

1.290 

1.31400 

1.240 

1.2649s 

1-438 

1-45957 

1.389 

1 1.41132 

1.339 

1.36214 

1.289 

1.31301 

1.239 

1.26397 

1-437 

1.45853 

1.388 

I.41033 

1.338 

1.36116 

1.288 

1.31203 

1.238 

1.26299 

1.436 

1.45759 

1.387 

1.40935 

1.337 

1.36017 

1.287 

1.31106 

1.237 

1.2620X 

1.435 

1.45661 

1.386 

1.40837 

1.336 

1.35919 

1.286 

1.31008 

1.236 

1.26103 

1.434 

1.45563 

1.385 

1.40738 

1.335 

1.35820 

1.28s 

1.30909 

1.235 

1.26005 

1-433 

1.45464 

1.384 

1.40640 

1.334 

1.35722 

1.284 

1.30811 

1-234 

1.25907 

1.432 

1.45366 

1.383 

1.40541 

1.333 

1.35624 

1.283 

1.30713 

1.233 

1.25809 

1.431 

1.45267 

1 1.382 

1.40443 

1 1.332 

1.35526 

1.282 

1-306x5 

1.232 

1.25711 



1.381 

1.40345 

I.331 

1.35428 

1.281 

i 

1-30517 

1.231 

1.25613 
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Table 6.—For Finding Diameters of Circular Forming 
Tools for Brown & Sharpe No. 2 Automatic 
Screw Machine— Continued 


No. 2 & 2G 

No. 

2 & 2G 

No. 2 

& 2G 

No. 2 8 c, 20 

No. 

& 2O 

Base 

Line 

Radius 

Base 

Line 

Radius 

Base 

Line 

Radius 

Base 

Line 

Radius 

Base 

Line 

Radius 

1.330 

1.25515 

1.178 

1.20424 

1.126 

1.15342 

1.074 

1.10271 

1.022 

1.05213 

1.229 

1.25417 

1.177 

1.20326 

1.125 

1.15244 

1.073 

1.10174 

1.021 

1.05116 

1.228 

1.25319 

1.176 

1.20228 

1.124 

1.15147 

1.072 

1.10076 

1.020 

1.05019 

1.227 

1.25221 

1.175 

1.20130 

1.123 

1.15049 

1.071 

1.09979 

1.019 

1.04920 

1.226 

1.25123 

1.174 

1.20032 

1.122 

1.14951 

1.070 

1.09882 

1.018 

1.04825 

1 .335 

1.25025 

1.173 

1.19934 

1.121 

1.14854 

1.069 

1.09784 

1.017 

1.04728 

Z.224 

1.24927 

1.172 

1.19837 

1.120 

1.14756 

1.068 

1.09687 

1.016 

1.04631 

1.323 

1.24829 

1.171 

1.19739 

1.119 

1.14659 

1.067 

1.09590 

1.015 

1.04533 

1.222 

1.24731 

1.170 

1.19641 

1.118 

1.14561 

1.066 

1.09492 

1.014 

1.04436 

X.221 

1.24633 

1.169 

1.19543 

1.117 

1.14463 

1.06s 

1.0939s 

1.013 

1.04339 

X.220 

I. 24 S 3 S 

1.168 

1.19446 

1.116 

1.14366 

1.064 

1.09298 

1.012 

1.04242 

1.219 

1.24437 

1.167 

1.19348 

1.115 

1.14268 

1.063 

1.09200 

I.on 

1.0414S 

1.218 

1.24339 

1.166 

1.19250 

1.114 

1.14171 

1.062 

1.09103 

I.OIO 

1.04048 

1.217 

X.24241 

1.165 

1.19152 

1.113 

1.14073 

1.061 

1.09006 

1.009 

1.03951 

1.216 

1.24143 

1.164 

1.19054 

1.112 

1.13976 

1.060 

1.08908 

1.008 

1.03854 

X.215 

1.24045 

1.163 

1.18957 

I.Ill 

1.13878 

1.13780 

1.059 

1.08811 

1.007 

1.03757 

1.214 

1.23947 

1.162 

1.18859 

I.no 

1.058 

1.08714 

1.006 

1.03660 

1.313 

1.23849 

1.161 

1.18761 

1.109 

1.13683 

1.057 

1.08616 

1.005 

1.03563 

Z.212 

1.23752 

1.160 

1.18663 

1.108 

1.13586 

1.056 

1.08519 

1.004 

1.03466 

I.211 

1.23654 

1.159 

1.18566 

1.107 

1.13488 

1 - 05 S 

1.08422 

1.003 

1.03369 

1.210 

1.23556 

1.158 

1.18468 

1.106 

1.13390 

1.054 

1.08324 

1.002 

1.03273 

1.209 

1.23458 

1.157 

1.18370 

1.105 

1.13293 

I-OS 3 

1.08227 

I.OOI 

1.03175 

1.208 

1.23360 

1.156 

1.18272 

1.104 

1.13195 

1.052 

1.08130 

1.000 

1.03078 

1.207 

1.23262 

1.155 

1.18175 

1.103 

1.13098 

1.051 

1.08032 

.999 

1.02981 

1.206 

1.23164 

1-154 

1.18077 

1.102 

1.13000 

1.050 

1.07935 

.998 

1.02884 

1.205 

1.23066 

I- 1 S 3 

1.17979 

I.IOI 

1.12903 

1.049 

1.07838 

•997 

1.02787 

X.204 

1.22068 

1.152 

1.17881 

I.IOO 

1.12805 

1.048 

1.07741 

-996 

1.02690 

1.203 

1.22870 

1.151 

1.17784 

1.099 

1.12708 

1.047 

1.07643 

.995 

1.02593 

1.202 

1.22772 

1.150 

1.17686 

1.098 

1.12610 

1.046 

1.07546 

-994 

1.02496 

1.201 

1.22675 

1.149 

1.17588 

1.097 

1.12513 

1.045 

1.07449 

.993 

1.02399 

1.200 

1.22577 

1.148 

1.17491 

; 1.096 

1.12415 

1.044 

1.07352 

.992 

1.02302 

1.199 

1.22479 

1.147 

1.17393 

1.095 

1.12318 

1.043 

1.07254 

-991 

1.02205 

1.198 

1.32381 

X.146 

1.17295 

1.004 

1.12220 

1.042 

1.07157 

.990 

1.02108 

1.197 

1.22283 

1.145 

1.17197 

1.093 

1.12123 

1.041 

1.07060 

.989 

i.o2on 

1.196 

1.22185 

1.144 

1.17100 

1.092 

I.I 202 S 

1.040 

1.06963 

.988 

1.01914 

M 95 

1.22087 

1.143 

1.17002 

I.09I 

1.11928 

1.039 

1.0686s 

.987 

1.01817 

1.194 

1.21989 

X.142 

1.16904 

1.090 

1.11830 

1.038 

1.06768 

.986 

1.01720 

1-193 

1.21891 

Z.141 

1.16807 

1.089 

I.II733 

1.037 

1.06671 

■985 

1.01623 

X.192 

1.21793 

1.140 

1.16709 

1.088 

1.1163s 

1.036 

1.06574 

-984 

1.01526 

1.191 

X.21696 

1.139 

1.16612 

1.087 

1.11538 

1.03 s 

1.06477 

.983 

1.01429 

1.190 

1.21598 

1.138 

1.16514 

1.086 

I.II44O 

1.034 

1.06379 

.982 

1.01332 

1.189 

1.21500 

1.137 

1.16416 

1.085 

1.11343 

1.033 

1.06282 

.981 

1.01235 

1.188 

1.21402 

1.136 

1.16318 

1.084 

1.11246 

1.032 

1.06185 

.980 

1.01139 

1.187 

1.21304 

I. 13 S 

1.16221 

1.083 

1.11148 

1.031 

1.06088 

.979 

1.01042 

1.186 

1.31206 

1.134 

1.16123 

1.082 

I.II05I 

1.030 

1.05991 

.978 

1 .00941 

1.185 

1.31108 

1.133 

1.16025 

I.08I 

I.IO953 

Z.029 

1.05893 

.977 

1.00848 

1.184 

X. 2 I 01 X 

1.132 

1.15928 

1.080 

1.10856 

1.028 

1.05796 

.976 

1.00751 

1.183 

1.20913 

1.131 

1.15830 

1.079 

1.10758 

1.027 

1.05699 

•975 

1.00654 

1.183 

1.20815 

1.130 

1.15732 

1.078 

I.I0661 

1.026 

1.05602 

•974 

1.00557 

1.181 

1.20717 

X.129 

1.15635 

1.077 

1.10563 

1.025 

1.05505 

•973 

1.00460 

1.180 

1.30619 

i 1.128 

1 .I 5 S 37 

1.076 

1.10466 

1.024 

1.05408 

.972 

1.00363 

1.179 

Z.2052Z 

1.127 

1.15440 

I. 07 S 

1.10369 

Z.023 

1.05310 

.971 

.970 

1.00267 

1.00170 
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Table 7.—Calculating Diameters on Circular Tools^ 



Machine Where Used 

00 and ooG 

0 and oG 2 and 2G 

Diameter of Tool 

1.750 

2.250 3.000 

Dimension A | 

i 

A 1 i 


Difference in 
Diameter of 

Difference in Diameter of 
Tool 

Amount of Radial 
Difference 

Piece 

Machine 


00 and 

0 and 

2 and 

00 and 

0 and 

2 and 


OoG 

oG 

2G 

ooG 

oG 

2G 

0.0625 

0.062 ! 

0.062 

0.0615 

0.0005 

0.0005 

0.001 

0.125 

0.124 

0.124 

0.123 

0.001 

0.001 

0.002 

0.187s 

0.1855 

0.1855 

0.1855 

0.002 

0.002 

0,0025 

0.250 

0.247 

0.2475 

0.246 

0.003 

0 0025 

0.004 

0-3125 

0.3085 

0.309 

0.3075 

0.004 

0.003 q 

0.005 

0.37s 

0.370 

0.371 

0.369 

0.005 

0.004 

0.006 

0.4375 


0.432 

0.4305 


0.0055 

0.007 

0.500 


0.494 

0.492 


0.006 

0.008 

0.5625 


0.555 

0.553 


0 0075 

0.009s 

0.62s 


0.617 

0.614 


0.008 

O.OII 

0.6875 



0.675 



0.0125 

0.750 



0.736 



0 014 

0.8125 



0.797 



0-0155 

0.875 



0.858 



0.017 

0.9375 



0.9185 



0.019 

T .000 



0.979 



0.021 

I.0625 



I .040 



0.0225 

I.125 

1 


I . 100 

i 


0.025 


^ Brown & Sharpe Mfg. Co. 

Corrected Diameters for Circular Form Tools 

Another method of calculating diameters of circular form tools 
for screw machines is given by B. S. Sample, of Tool Design Depart¬ 
ment of Delco-Remy Division, General Motors Corporation. This 
method, which is stated to be faster than the usual methods, has 
for its basis the use of tables of cotangents and cosecants. The 
accompanying Table 7a shows the procedure used In practice 
the information necessary is listed on tracing paper, and white 
background prints are used for the actual calculation of each tool. 

The method of calculation will be described for an actual case. 
Assume a tool outside diameter of 3.375 inches, an offset of J inch, 



559 ^ SCREW-MACHINE TOOLS, SPEEDS, AND FEEDS 


Table 7a.—C alculations for Circular Form Tools without 

Rake 


Cotangent 

A 


Cotangent 

A 


19.97498 

13.46692 
18.46895 
18.97367 
21.97726 

5.91608 
6.59124 
7•26483 

7-93725 

9.27961 

5.91608 
6.92820 

7-43303 

7-93725 

9.19378 
9.44722 
Q . 94988 

10.95445 

12.96148 


7-93725 
^^-54327 
II • 15527 

I I .95826 

5-23875 

5.91608 
6.59124 
6.92820 
7•26483 

793725 

5-59128 
5.91608 
6.67552 
7.68521 
8.69267 
9.94988 
10.45227 

6.32139 


6.12044 
7.13022 

7-33051 


TI.95826 
23.97916 


Proof Formulas 

cot B — cot A — ~ 

Corrected Diam. = Cosec B X (2 X C) 

For Tools Not Listed 

, tool O.D _L 

cosec A = — 

2 X C Q 

Obtain cot A from * 

Trig. Tables 

Constants for Tool 7 

c = i 

coti 4 = 6.6755 __ 

(2 X C) = i 


/ / 

i.A ! I 
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and a minimum work diameter of 0.426 in. What is the tool 
diameter necessary to give a diameter of 0.817 ii^ch on the work? 

The step D is found by subtraction and halving to be 0.1955. 
This is divided by C, or obtaining 0.7820, which is subtracted 
from the constant 6.6755 (from the chart), giving 5.8935 for the 
value of cotangent B. This is looked up in a table of cotangents, 
and the corresponding cosecant is found to be 5.9778, which is 
multiplied by or twice the value of C, giving 2.9889 as the cor¬ 
rected tool diameter. The “square and square-root” method gives 
a value of 2.98890 for this same figure. 

The steps for the cotangent-cosecant method are thus seen to be: 

1. Division by a simple fraction 

2. Subtraction 

3. Consulting trigonometric tables 

4. Multiplication by a simple fraction 

Noteworthy Points. —i. Where the tool offset is a simple fraction, 
the calculation is easy. For example, to divide 0.1955 by multi¬ 
ply by 4 and obtain 0.7820. Also, to multiply 5.9778 by divide 
by 2, obtaining 2.9889. 

2. All constants in the table of cotangent A are based on the 
fractional value of the offset, to facilitate longhand calculation. 
If a calculating machine is used, the value of C should be carried to 
four decimal places in order to obtain four-place accuracy in the 
answer. Although the values of cotangent A are given to five 
decimal places, only four places need be used in the calculations. 

3. In the region used on the chart, the tabular difference between 
cotangents and cosecants is practically the same, so exact interpola¬ 
tion of the tables is not necessary. 

4. The answer obtained by this method is accurate within ± i in 
the fourth decimal place, which is sufilcient for most form tools. 


Example. —For a tool J X 3.375, calculations follow: 


Part Diam. 

Step D 

D 

C 

Cc»tangent 

Cotangent 

B 

From 

Trigono¬ 

metric 

Tables 

C')secant 

B 

Corr. 

Diam. 

0.426 minimum 

0 817 

0.1955 

0.7820 

5-8935 

5-9778 

2.qbSg 

0.982 

0.253 

I.0120 

5-6635 

5-7512 

2.8756 

1.000 

0.287 

I.1480 

5-5275 

5.6171 

2.8085 

1.250 

0.412 

I.6480 

5-0275 

5.1260 

2 . 5630 





S6o SCREW-MACHINE TOOLS, SPEEDS, AND FEEDS 


Threading Speeds for Taps and Dies 

DROP FORGINGS 


Diam. 

Surface Feet 

R.p.m. 

8 

25 

765 

A 

25 

509 

i 

25 

382 

A 

23 

305 

1 

23 

235 

A 

23 

201 

i 

23 

176 

A 

23 

156 

1 

23 

I4I 

a 

23 

128 

i 

23 

II7 


23 

108 

i 

23 

100 


23 

94 

I 

20 

77 

li 

20 

61 

li 

20 

51 

2 

18 

35 


Brown & Sharpe Automatic Acorn Dies 

SCREW STOCK 


i 

28 

85s 

i 

28 

428 

A 

28 

342 

t 

28 

28s 

A 

28 

244 


28 

214 


28 

190 

1 

28 

I7I 


28 

156 

1 

28 

143 


28 

132 

1 

28 

122 

H 

28 

114 

I 

28 

107 
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£ ^ 

c/} d 

^ :3 

as 

So 

•as. 

IS 

1 5 

9 a 

• P <u 


S -S d 

* _n 
p ^ C/J 

2 c/3 

^ "2 P 

O c/3 ^ 
P 4 d 


<u 

43 *3 


d 

£! 

'B 

bC 

.3 

<D 

43 

l-a 

i- 

a tJ 

•- 9 - 

<]J c/3 

Gh be 
+J d 


d 

0) 

4 ^ *5 


c/ 3'3 
«-M O 

o +-» 
T 3 tjO 

QJ C 
43 •—< 

atj 
d 


w ^ — ^ ^ 

^ (Sy, ’^0 3 --- 

Q d ^ 

> d d I-. 

^ .9 5/3 9 
55 9 s d^ 
w d g a 

O ^ OJ liO d 43 

2 1 ! 3 « “-a 

fn W I a 


>»43 

P 9 3 -^^TJ C 
O r9 »-i 43 O 
^ (U 03 42 

w P di a M 
N 3 . a(r: rt 
■< &T 3 Jli 

i *« ii c -•■s 
g S-3 .si 
S .S 3 g 5 S 

43'd .is 43 c; 

3 3 > 'P 

^ >V c/3 CD c/3 

• 9 1 8-1^ 

•^J.sf a 

I S “-a ^ 

Ph o 
■“* <u 


S6i 


Material 

__ _ 

Tool Steel 
o. 8 o-i.oo% Carbon 

Speed in Sur¬ 
face Feet 

H.S.S. 

Tools 

»o 000000 >oto \r)lr)^r>\n 

^ 'O'O'O'O'O'O’^''!' 

Carbon 

Tools 

O OOOOOOOO OOOO-rf 

cn TfTi-Trrr'T'itPoro loiotoioM 

Feed 

IT) rf XT) 

n 0 '-'>-iO 

O OOOOOOOO oooo 

O OOOOOOOO ooo'o 

O OOOOOOOO oooo 

Mild or Soft Steel 
0 . 10 — 0 . 20 % Carbon 

Speed in Sur¬ 
face Feet 

H.S.S. 

Tools 

Vi voioioiob^oc/^co oooo 

OOOOO'Nt'-t'- NCNNM 

Carbon 

Tools 

O OOOOOOOO ooooo 
»0 r- t- t- t'* t- to »0 CO 00 on 00 fO 

Feed 

to to vC to to 00 

-t 'OtO’+fONO'-'fN 0'-<'-'0 

o OOOOOmOO oooo 

O OOOOOOOO oooo 

d OOOOOOOO oooo 

Brass 

Free Cutting 

Speed 
in Sur¬ 
face 
Feet 


Feed 

to c< 

OvOO lO-trOONto MNCSM 

OOOOOOOO oooo 

OOOOOOOO oooo 

OOOOOOOO OOOO 

Cut 

Diam. 

of 

Hole 

Under i 
Over J 

Width 

or 

Depth 

O o 

Tool 

Boring tools. ; 

Box tools: t 

Roughing. . 

Finishing. 

Center drills. 

Cut-oflf tools: 

Angular. . 

Circular. 

Straight. . 

Diameter stock under i inch. 

Dies. 
















Table 8.—Speeds and Feeds for Standard Tools 
The table below is based on the use of high-speed steel tools. The figures are approximate and subject to 
change with variations in operating conditions and in the nature of the work involved. 
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S.A.E. 4,130 
Annealed 

Feed, 

in 

Inches 

00 'tfO w 04 

M M M M 0 

00000 

00000 

00000 

to 10 ^ 

PO Tj- Tf 10\0 
§§ 8 §§ 
d 0 0 0 0 

0.005 

0.0047 

0.004 

0.0032 

PI 00 
to to Tt 
0000 
0000 

d d d d 

Sur¬ 

face, 

in 

Feet 

0 to M 00 
M M M M 0 

M M M )-( IH 

00 fO roO 
r» r-oo 00 00 

0 to M 00 

PI M M 0 

00 IH P' ^ 

0 0 04 04 

S.A.E. 3,135 
Annealed 

Feed, 

in 

Inches 

I'. ^ fO M 00 
W M 0 

00000 

00000 

0 0 d d 0 

Tjroo 10 ro N 
ro ro rt- too 
00000 
00000 

d 0 0 0 0 

0 04 PI 
to "T PO rO 

0000 

0000 

0000 

vO 04 to 

1 - VO Tt .tf 

0000 

0000 

d d d d 

Sur¬ 

face, 

in 

Feet 

to ct M 00 to 
M M M 0 0 

PO fO 0 0 
t^OO 00 00 

to PI 00 to 

M 0 0 

VO 00 to IH 

0 Oi 04 04 

S.A.E. 2*330 
Annealed 

Feed, 

in 

Inches 

r- fO 00 
M M M W 0 

00000 

00000 

00000 

TtOO to PO Pt 
PO PO ^ too 
00000 
00000 

00000 

0.0049 
0.004s 
0.0038 
0.0031 

0 O4 to 
r- 10 ^ Tt 
0000 
0000 

0000 

1000 10 M 

0 04 04 04 

Sur¬ 

face, 

in 

Feet 

IIS 

II2 

112 

108 

105 

rO PO 0 0 ■'t 
CO 00 00 

to PI 00 to 

IH M 0 2 

S.A.E. 2,31s 
S.A.E. 3.115 
S.A.E. 4,615 

Feed, 

in 

Inches 

0 fO N 00 
M M 11 M 0 
00000 
00000 

d d d 0 0 

POO ^ M 00 
PO PO ^ tn VO 

00000 

00000 

00000 

0.0046 
0.0043 
0.0036 
0.003 

0.0066 

0.0053 

0.0046 
0.0043 

Sur¬ 

face, 

in 

Feet 

OOvO Pt Ov 

M 2 2 2 

04 040 0 0 
00 t-* 

0 0 N 04 
M 0 0 04 

04 PI OtO 

04 04 00 00 

\n 

0 ^ 

W 

<i 

w 

Feed, 

in 

Inches 

Tj- Ct 04 

M M M 0 0 
00000 
00000 

d d d 0 0 

00 M ^ 

P» PO PO *t to 

00000 

00000 

d d d d 0 

t>. M 0 
tJ- PO PO PI 

0000 

0000 

0 d 0 d 

r-vO t" 

to *t PPJ 
0000 
0000 

0 0 d 0 

Sur¬ 

face, 

in 

Feet 

M MOO to 

0\ 04 04 00 00 

00 ^ to 00 
'O'O 0 'O 'O 

to M 00 to 
04 O400 00 

to 0 ■*t 

00 00 t-. 

Union Special 
Carburizing 

Feed, 

in 

Inches 

04-0 rt- N 04 

M M M M 0 
00000 
00000 

0 0 d 0 0 

00 PO Pt 00 
PO ■'t too 0 
00000 
00000 

00000 

to M PO to 
to to rt fo 
0000 
0000 

0 0 d d 

0.0078 

0.0062 

0.0055 

0.0051 

Sur¬ 

face, 

in 

Feet 

0 to to M 

fO Pt <N Ct 1-1 

82 

82 

90 

90 

94 

0 to M 
ro 04 »-* 

117 
109 

105 

102 

Width 

or 

Depth 

of 

Cut, 

in 

Inches 

0 0 0 0 0 
*000000 
to 0 to 0 

^ 0 >-• M N Pt 


Depth 
0.125 
0.250 
0.375 

0.500 

PI VO 0 

0 PI 00 to 

0 IH M M 

0 0 0 d 

Size 

of 

Hole. 

in 

Inches 


00000 
to 0 to 0 to 

PI to 0 Pt 
0 0 d M M 



Tool Name 

Form, circular, or 
dovetail 

Twist drills 

Box tool blades 

Hollow mills 
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S.A.E. 4.130 
Annealed 

Feed, 

in 

Inches 

M tS M TtO 
M (S W 0 0 
00000 

00000 

zLoo 0 

Soo 0 

0.0015 

0.002 

0.002 

0.0024 

Sur¬ 

face, 

in 

Feet 

120 

120 

120 

144 

''t 't 

0 0 

OvO 0 

N (N ro ro 

S.A.E. 3.13s 
Annealed 

Feed, 

in 

Inches 

1-1 fN >-• 

M (N M 0 0 
00000 

00000 

a 

u- 

0 0 
0 c 

0 0 

0 0 

■U" i’- r- 

W M M N 

0000 

0000 

0000 

Sur¬ 

face, 

in 

Feet 

or I 

Sii 

Sii 

Sii 

10 r>j 0 fO 
oj (N ro 

S.A.E. 2,330 
Annealed 


1 

i-< <N I-H U-O 

w (N w 0 0 
00000 

00000 

O' 

Tf 

0 C 
0 0 

0 ^ _o 

N M 

0 0 

0.0014 
0.0017 
0.0017 
0.0022 

p, O .c 

C/343 

10 10 m ^ 

115 
122 
126 

133 

10 10 \n 

n M 0 

Cd w fd 
<<< 
cdc/ic/i 

Feed, 

in 

Inches 

O\ 0 O Ooc ro 
CK 0 Ov ro 'n 
0 M 0 0 0 
00000 

00000 

mD 0 
0 

0 0 

0 0 

0 0 

rOxO \0 

M 

c 0 0 0 
0000 

odd© 

Sur¬ 

face, 

in 

Feet 

0 0 0 N 

XO 0 

O' O' 

O'© 00 

M M M N 

S.A.E. 1,045 

Feed, 

in 

Inches 

0 0085 
0.017 

0 0085 

0 0035- 
0 0048 

tT 

0 0 

0 0 

d 0 

0 OOII 

0 0014 
0.0014 
0.0017 

Sur¬ 

face, 

in 

Feet 

10 >ri rj- 
O' 0 \ •-< 

fO fO 

00 00 

0 <^00 

O' 0 0 0 

Union Special 
Carburizing 

Feed, 

in 

Inches 

1^-0 
(S U- <N U-'O 
H. M M 0 0 
00000 

00000 

0.0055 

0.0078 

0.0016 

0 0019 
0.0019 
0.0023 

Sur¬ 

face, 

in 

Feet 

0 0 00 
ro ro ro >0 

ro ro 

C <5 0 00 
ro fO ■'t 

Width 

or 

Depth 

of 

Cut, 

in 

Inches 



Width 
0.062 
0. 125 
0.187 
0.250 

Size 

of 

Hole. 

in 

Inches 


Under 

F 

Over 


Tool Name 

Knurl tools—on 

In turret—off 
Knurl-cross slide 
Chamfer and facing 

Reamers 

Cutoff 


Union Drawn Steel Company. 





Table 8.—Speeds and Feeds for Standard Tools— Continiied 
The table below is based on the use of high-speed tools. The figures are approximate and subject to change 
with variations in operating conditions and in the nature of the work involved. ^ 
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s 

Feed, 

in 

Inches 

00 Tf PO w O' 

00000 

00000 

00000 

to to rt 

po "(r''T tovo 
00000 
00000 

d 0 0 0 0 

I'* N 

to Tt It fO 
0000 
0000 

0000 


Sur¬ 

face, 

in 

Feet 

0 tn N 00 

N M M M 0 

M M W M H 

■oo po POO 
r* t^oo 00 00 

0 to N 00 

2 M M 2 

0 ID 

K 0 0 t-t 

Feed, 

in 

Inches 

M r-10 po 

M M M H 

00000 

00000 

00000 

to to '«t 

Tt ^ too 

00000 

00000 

00000 

0.0059 
0.0055 
0.0047 
0.004 

X 

Sur¬ 

face, 

in 

Feet 

O'O'ON^' 
Tj- PO PO PO N 

0» O^00 00 PI 

00 00 O' O' 0 

0 0 Cl c- 

It PO PO Cl 

10 

0 

Feed, 

in 

Inches 

r- Tf PO <-i QO 

M M M M 0 
00000 
00000 

00000 

'too to PO (N 
PO PO't t/1vO 

00000 

00000 

00000 

O' tooo M 

It It PO CO 

0000 

0000 

0000 

S.A.E. 

Sur¬ 

face, 

in 

Feet 

IIS 

II2 

II2 

108 

105 

CO PO 0 0 Tt 
r- 00 00 00 

to PI 00 to 

M M 2 2 

1,020 

Feed, 

in 

Inches 

00 ■»t PO M 0 \ 

M M W M 0 
00000 
00000 

0 0 d 0 0 

to p- to Tt 
PO't't too 
00000 
00000 

00000 

N 

to It It PO 
0000 
0000 

d d d d 

w 

< 

CO 

Sur¬ 

face, 

in 

Feet 

0 »/) »0 N 00 

M t_| IH W 0 

0 0 PO POO 
r- t^oo 00 00 

0 to Cl 00 

PI M M 0 

0 § 

<u 

Feed, 

in 

Inches 

0.003 

0.0025 

0.0025 

0.0018 

0.0015 

't 

too C'OO O' 
00000 
00000 

0 d d d d 

0.0085 

0 008 

0.0065 
0.0055 

a 
*-> 3 

CO 

Sur¬ 

face, 

in 

Feet 

10 0 0 to 0 
ot M M 0 0 

Cl 0 » Pt N N 

ti^ 0 0 ty^ 
PI Cl Tt Tt 

to 0 to 0 

Cl M 0 0 

PI Cl Cl Cl 

V ^ 

fL, ^ 

Feed, 

in 

Inches 

»0 00 to N 

n Cl M M M 

00000 

00000 

00000 

to 

Ttvoo t-oo 
00000 
00000 

00000 

0.007 

0.0065 

0.0055 

0.004s 

c <u 
. 2 « 

p 

Sur¬ 

face, 

in 

Feet 

to 0 0 to 0 
0 VO so to to 

to to to to 0 

0 0 M M Cl 

to 0 to 0 
>0 vO to 10 

Width 

or 

Depth 

of 

uut, 

in 

Inches 

^00000 
•o 0 0 0 0 0 
to 0 to 0 to 

^ 0 *-• M Cl PI 


|J tP) 0 to 0 

p, Cl to t>- 0 

<U I-I Cl fO to 

^ 0 d d d 

Size 

of 

Hole, 

in 

Inches 


00000 
to 0 to 0 to 
Cl to 0 Cl 

0 0 0 M M 


Tool Name 

Form, circular, or 
dovetail 

Iwist drills 

Box tool blades 


►032 
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Union Hymo 
(0.30 to 0.40 
Carbon) 
and Xi,33S 

8 .S| 

N 00 »>. 

10 10 Tt 
0000 
0000 

0000 

M N M rj-xO 
M N <-t 0 0 
00000 

00000 

PC 

0 0 

0 0 

0 0 

to "(t 

M PC PC PC 

0000 

0000 

0000 

a s 

00 •-( t- --t 

0 0 0 Oi 

0 0 0't 

(Xt CC N 

-r xft 

0 0 

M kH 

0x0 0 P- 

N PC PO PO 

S « c 

W 0.0 •«t 
^ to ^ 

.2 mO jX 

p 3 X 

ici 

Jh 

\n<x) 10 

00 \0 0 >0 
0000 
0000 

0000 

1 N 

NTj-OtlOt- 
•H Ot kl 0 0 
00000 

00000 

to 

xO 00 
0 0 

0 0 

d d 

kH PC PC P? 

0000 

0000 

0000 

Vi ^.5 « 

t-. 0 10 0 

h-l M 

M M h-« M 

0000 

■xi- rt •»1- 

ro ro 

M M 

0 0 PO kH 

Tt rj- lOxO 

10 

q 

w 

< 

w 

•g cJ 

0 0\ »o 
10 Tf 

0000 

0000 

0000 

M N kH JtxO 
kt N kH 0 0 
00000 

00000 

0 

"Xt P- 

0 0 

0 0 

d d 

Tf r- PC 

0000 

0000 

0000 

pin 

1000 to M 

0 o> 0> Ot 

to IT) to 0 

M M M M 

PC PC 

0 0 

k-( kH 

to PC xO PO 

kH PC fXI •■} 

0 

N 

q 

c 4 

cn 

■9 1 

5 C'o 

N 00 t- 

r- to to Tt 
0000 
0000 

0 d 0 d 

k-l PC M itxO 

kH Ct k1 0 0 

00000 

00000 

PC 

to 

0 0 

0 0 

d d 

VO tT 

kH PC PC PC 

0000 

0000 

0 0 d d 

pS'sl 

00 >-• rt 

0000 
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Union Drawn Steel Company. 
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SPEEDS AND FEEDS FOR SCREW-MACHINE WORK 

The accompanying tables are from the practice advocated by 
the Brown & Sharpe Mfg. Co. They recommend the following 
speeds for the drive shafts of their automatic screw machines, 
for all spindle speeds. 


0 

0 

d 

No. 0 

1 No. 2 

120 r.p.m. 

180 r.p.m. 

120 r.p.m. 


The tables are very complete and cover a large variety of work 
in very compact form. 


SPEEDS AND FEEDS FOR STANDARD TOOLS 

The tables on pages 562 to 565 give the practice of the Union 
Drawn Steel Company. They cover speeds and feeds for many 
grades of steel, using high-speed cutting tools. Steels with special 
names may be given as follows; special carburizing permits about 
15 per cent higher production than S.A.Ph 1,020 and responds 
readily to carburizing. Union ^‘Free Cut” (S.A.E. 1,112) is a 
Bessemer screw steel, the company’s standard for machinability. 
“Supercut” is high-sulphur screw stock, permitting 35 per cent 
higher speeds than ordinary screw stock. “Union Hymo” (0.15 to 
0.25 per cent carbon) combined machinability of Bessemer screw 
stock with the greater toughness of open-hearth steels. “High 
Carbon Hymo” (0.30 to 0.40 per cent carbon) combines strength of 
S.A.E. 1,035 3.nd 1,040 with machining qualities that permit an 
average increase of 15 per cent in cutting speeds. 

SPEED OF BOLT CUTTERS 

These tables are based on a circumferential cutting speed of 25 
feet per minute for cast iron and 35 feet per minute for soft steel 
and iron up to and including i inch, and 30 feet per minute for 
i|-inch and 2-inch sizes. The speeds are for high-speed steel 
chasers. Some users run the machines at a higher rate. 

The Bignall & Keeler Mfg. Co. suggests a cutting speed of 20 feet 
per minute for pipe-threading machines with carbon dies and 25 
feet for high-speed dies. They find several petroleum-base cutting 
compounds a good substitute for lard oil on the dies. These speeds 
are merely guides and can be exceeded in many cases. A safe 
rule is to run as fast as possible without undue heating of taps or 
dies. 
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Threading Speeds in Feet per Minute for Pipe (Landis) 


Materials 


Diameter 

Merchant Pipe 

Cast Iron 

Copper 

Yellow Brass 

R.P.M. 

Surface 

Speed 

R.P.M. 

Surface 

Speed 

R.P.M. 

Surface 

Speed 

i 

377 

40 

471 

50 

566 

60 

i 

248 

35 

354 

424 

3 

198 

283 

338 

h 

150 

33 

204 

45 

250 

55 

3 

4 

120 

164 

200 

I 

87 

30 

I16 

40 

145 

50 

li 

69 

92 

I15 


60 

80 

lOI 

2 

48 

04 

81 

2i 

33 

25 

47 

35 

60 

45 

3 

27 

38 

49 

3 i 

24 

33 

43 

4 

21 

30 

38 

42 

19 

27 

30 

40 

5 

17.2 

_J 4 _ 

27 

6 

14.4 

20 

23 

7 ^ ' 

12-5 

18 

20 

8 

II .0 

II 

25 

154 

35 

9 

_ 7 j_ 9 _ 

20 

9.9 

139 

10 

71 

8.9 

12.4 

II 

6-5 

8.1 

II.4 

12 

6.0 

7-5 

9.0 

30 

14 

5-5 

6.8 

8.2 

15 

5-1 

'6.4 

7-6 

16 

4-3 

18 

6.0 

6.0 

25 

17 

4.0 

5-6 

5-6 

18 

3.8 

5-3 

5-3 

20 

3-4 

4.8 

4.8 


Speeds for cast-iron pipe based on standard pipe thread 
dimensions. 









THREADING SPEEDS 


569 




National Fine Threads 
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THREADING SPEEDS 





Surface Speed and Revolutions per Minute 
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Speeds and Feeds 

The following threading speeds can be used with either tap or 
die as a working basis. These speeds will have to be varied to 
suit the job. 


Cast and Malleable Iron and Screw Stock 


Diam. in Inches 

Surface Feet 

R.P.M. 

i 

40 

I ,222 

1 


40 

814 

i 

40 

611 

1 

St 

40 

490 

i 

f 

35 

356 


[V 

35 

305 

1 

t 

35 

267 

] 


35 

240 

t 

f 

35 

210 

\ 


35 

195 


[ 

35 

178 

\ 


35 

165 

i 

f 

35 

153 

j 

] 

[i 

30 

122 

I 


30 , 

115 

li 

30 

92 

li 

30 

79 

2 


25 

48 

Threading Speeds—Brass 

i 

135 

4,126 

1 

Sr 

135 

2.750 

i 

125 

1,909 

] 


125 

1.528 

J 

[ 

120 

I, 222 

i 

120 

917 


\ 

120 

715 

i 1 

II5 

586 

I 


' no 

420 

li 

100 

306 

4 

90 

229 

2 



162 



Aluminum 




120 surface feet per minute 
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Table 9.—Threading Speeds for High-Speed Steel Chasers 
For Carbon Steel Chasers Use 60 Per Cent of This Speed 
(Geometric Tool Co.) 


Material 

Surface Speeds for Threads Per 
Inch 


3 l- 7 l 

8-11 

13-32 

Tool steel. 

Vanadium steel—monel metal— 
nickel steel—forged steel—open 

5 

8 

10 

hearth. 

Bessemer screw stock—tobin 

bronze—drawn steel—machine 

10 

i 

IS 

20 

steel.. 

20 

30 

50 

Cast iron—malleable iron. 

25 

50 

80 

Copper—phosphor bronze. 

Cast brass—uar brass—rubber 

40 

80 

ISO 

fiber—aluminum—lead. 

50 

1 

100 

200 


In some cases they can be increased if the metal is free-cutting; 
in other cases they will have to be reduced because of the opposite 
condition, but they serve as a very good basis. 

In tests, I-inch drills have been run up to 99 feet per minute, 
in cast iron, with feeds up to 0.104 inch per revolution, removing 
nearly 12 pounds of metal per minute; ij-inch drills were run 
260 feet per minute with a feed of 0.145 inch per revolution, 
removing 37 pounds of metal per minute. This is drilling at the 
rate of 116 inches per minute. In machinery steel, the speed of a 
li-inch drill was 180 feet per minute, the feed 0.0815 inch per 
revolution, removing 15.5 pounds of metal and drilling at the rate 
of 44.8 inches per minute. 

Points in Threading on Automatic Screw Machines ^ 

The following are some practical points to keep in mind in cam¬ 
ming automatics for threading: 

1. A job so cammed that the die head must pull the turret along, 
instead of leading out in front, will cause defective threading. 

2. Cams with excessive lead will result in distorted or stripped 
threads. A correct thread lobe will present the die head to the 
work with a positive start, then recede slightly and follow up the 
die head to completion of the thread length. 

3. Self-opening die lobes require a dwell at the finish of the lobe 
to allow the die head to open correctly. 

4. With the exception of one make, solid die heads have no 
allowance for the addition of a bumper spring. Therefore, the die 
lobe must allow the die head to lead ahead from the start of the rise. 

1 A. Ainsworth. 
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5. Self-opening die lobes are cammed heavier than those required 
for solid die threading. 

6. Misalignment between the spindle and the turret will usually 
result in tapered threads. 

7. Worn die head parts or bent shanks will also result in a bad 
thread. 

8. Outside trips should be used if incorporated in die head. 

9. A solid die head incorporating both bumj)er spring and 
adjustments for misalignment of the spindle is highly recommended. 

10. Grinds on chasers will greatly affect threads produced. 

11. A die lobe designed for use with a solid die head usually will 
not allow the substitution of a self-opening die head. The cam 
will contain no dwell at top of lobe and clearances to approaching 
cross slides arc usually insuflicient, due to larger diameter of the 
self-opening die head. 

12. A solid die can never be used in conjunction with a die lobe 
designed for a self-opening head, as no provision is made for a 
thread-off portion on cam lobe. 

13. Threads of coarser pitch require greater allowance when 
deducting from actual rise for computing rise on a thread lobe as 
they require more power and are apt to cause belt or clutch slippage. 


SPEED OF REAMERS IN SCREW-MACHINE WORK 

The Cleveland Twist Drill Company finds the following to be 
satisfactory in their screw-machuie department: 


Carbon Rkamers 



Cast 

Iron 

Machinery 

Steel 

Tool 

Steel 

Bras.i 

Cutting speed. 

Feed per revolution: 

f-inch hole. 

I J-inch hole. 

2-inch hole. 

30 ft. 

0 009 in. 

0 023 

0.033 

30 ft. 

0.004 in. 

0015 

0.020 

15-20 ft. 

0 004 in. 

0.011 
0.016 

100 ft. 

0.007 in. 

0.015 

0.020 

High-Speed 

Reamers 




Cast Iron and 
Machinery Steel 

Tool 

Steel 

Brass 

Cutting speed. 

Feeds the same as given .n 

50-60 ft. 

ibove for carbon tools. 

25-30 ft. 

130-IS0 ft. 


The amount of stock left in hole for reaming is from about 
0.004 inch for J-inch size to about 0.009 inch for 2-inch size. For 
intermediate sizes, the speeds and feeds will be approximately 
proportional to those given. 

For commercial automobile steels, in some cases, the speed may 
be as high as stated for machinery steel. For the best grades of 
finish, they recommend carbon reamers at very slow speeds, but 
good commercial finish within acceptable tolerances can be obtained 
on a production basis using the feeds, speeds, and amount of stock 










Diameter of Stock 
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ro M 0 
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mentioned. Soda water is satisfactory as 
a lubricant except on automatic machines, 
where a mineral lard oil is used. 

It is also important to use the floating 
toolholder, and they feel that sufficient 
emphasis is not usually placed on this 
attachment. 


Table of Angles and Thicknesses for 
Circular Cutting-Off Tools 

W is same as T up to 0.060 inch, 
inclusive. 

W is same as one-half T from 0.070 
to 0.120 inch thickness, inclusive. 

W is 0.060 for 0.140 inch thickness and 
over. 

A is 23 degrees when cutting brass, 
aluminum, copper, silver, and zinc. 




Wi ^ 


C) 


<u 



^ is 15 degrees when cutting steel, iron, 
bronze, and nickel. 

Least thickness used when cutting off 
into tapped holes is the lead of two and 
one-half threads plus 0.010 inch. 

Least thickness used when cutting off 
into reamed holes smaller than J-inch 
diameter is 0.040 inch. 

Thickness used when cutting off tubing 
is two-thirds T as given for corresponding 
diameters. 

Thickness used when angles or radii 
start from outside diameter of tool is 
governed by varying conditions and 
determined accordingly. 
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Tolerances for Pieces Made in Screw Machines 
(Outside Diameters) 

^ Running Fits not to be Ground 

To J-inch diam. inclusive. 0.0005-0.0015 inch small 

To i-inch diam. inclusive . 0.001 -0.002 inch small 

To 2-inch diam. inclusive. 0.0015-0.0025 inch small 

To 3i-inch diam. inclusive. 0.0015-0.003 inch small 

Standard Fits not to be Ground—All Sizes 
Standard to 0.001 inch small 

Driving Fits not to be Ground—All Sizes 
0.0005 to 0.0015 inch large 

Pieces to be Ground—Amount of Stock to be Left for Grinding 

To i-inch diam. inclusive. 0.005-0.007 inch large 

To 2-inch diam. inclusive. 0.007-0.010 inch large 

To 3i-inch diam. inclusive. 0.010-0.014 inch large 


Screw-Machine Limit 

Work made on screw machines cannot be made practically to a 
closer limit than 0.0005 ii^ch either side of a fixed figure (0.001-inch 
limit). If closer work is required, it must be made large and 
ground to limit required. If no limit is given on the large part of 
piece and if not otherwise stated, it can be left stock size. 


Grinding Allowance for Bronze Bushings 
(Outside Diameters) 

Standard Holes (Reamed). —All holes, including parts made in 
screw machines, unless otherwise specified, are standard diameters. 
Plugs 0.0005 inch small should go in. Standard plug should wring 
in. Plugs 0.0005 i^^ch large should not go in. 

Operating screws should be ground on the outside diameter of 
the threaded portion to a limit of Standard to 0.002 inch small. 


ESTIMATING SCREW-MACHINE WORK 

The accompanying table may be used in connection with the 
estimating of material required for screw-machine work. 

The first column in each division of the table gives the length 
of the piece plus the width of the cut-off tool. The second column 
gives the number of pieces per foot of stock length and the third 
column shows the length of stock required for i ,000 pieces. 

While the amount of waste at the end of the bar aries under 
different conditions, such as size of stock, etc., a fair average of 
allowance in excess of theoretical lengths is represented by addition 
of li per cent for small sizes, say, up to | inch, and about 2 per cent 
for larger work. 
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Screw-machine Work, Number of Pieces Per Foot of Stock 
AND Length of Stock for i,ooo Pieces 


Length, 

Includii^ 

Cut-off Tool 

Number of Pieces 
per I Foot of 
Stock 

Feet of Stock! for 
1,000 Pieces 

Length 

Including 

Cut-off Tool 

Number of Pieces 
per I Foot of 
Stock 

Feet of Stock! for 
1,000 Pieces 

Length 

Including 

Cut-off Tool 

Number of Pieces 
per 1 Foot of 
Stock 

Feet of Stock! for 
1,000 Pieces 

i 

96.0 

10.s 


10.66 

93.8 

2 


5.64 

177.1 

A 

64.0 

IS.6 

lA 

10.1 

98.9 

A 


5.33 

187 .6 

J 

48.0 

21.0 

if 

9.6 

105.3 

2i 


5 .OS 

197.8 

A 

38.4 

26.0 

lA 

9.19 

109.4 

2 


4.8 

2II .6 

1 

32.0 

31.3 

li 

8.73 

114.5 

2 


4.57 

219.8 

A 

27.4 

36.s 

lA 

8.3s 

! 119.7 



4.36 

229.0 

§ 

24.0 

41.7 

if 

8.0 

125.0 

2i 

1 

4.17 

239.4 


21.3 

46.9 

I A 

7.68 

130.2 

3 


4.0 

250.0 

f 

19.2 

52.9 


7.38 

13s .5 

3 i 


3.82 

260.4 


17.4 

57-3 


7 .II 

140.6 

31 


3 .69 

271.0 

\ 

16.0 

62.5 

if 

6.8s 

145.7 

3 j 


3.55 

281.2 


147 

67.7 

iH 

6.62 

iSi .0 

3 i 


3-43 

290.4 

i 

13.7 

73.0 

li 

6.4 

156.2 

3 | 


3.31 

302.0 

H 

12.8 

78.1 

Itt 

6.19 

161 .5 

3 


3.2 

312.4 

I 

12.0 

83.3 

2 

6.0 

167.0 

3] 


3.09 

323.0 

lA 

11.3 

88.5 




4 


3.0 

334.0 


J Add ij per cent for work under f inch; add 2 per cent for work above 
t inches. 


STANDARDS FOR ROTATING AIR CYLINDERS AND 
ADAPTERS, 1932 

These standards have been developed to obtain interchangea¬ 
bility of different makes of air cylinders on the spindles of machine 
tools without changing the adapter or draw rod. 

Three sizes of standard adapters cover the complete range of 
standard air cylinders which range in size from 3 to 18 inches 
inclusive. Adapter A fits the 3- and 4j-inch cylinders, adapter 
B fits the 6- and 8-inch cylinders, and adapter C fits all sizes of 
cylinders from 10 to 18 inches inclusive. A fourth size D is also 
included to accommodate 20-inch cylinders or other power-operated 
device having draw-rod pull of 26,000 to 40,000 pounds. 

The length of stroke of the standard cylinders, the position of 
the piston rod at the end of the stroke, the diameter of the piston 
rod, and the size of the tapped hole in the piston rod have also been 
standardized so that air-cylinder draw rods do not have to be 
fitted to individual air cylinders. The strokes are: 


3 to 4i-inch cylinder. i-inch stroke 

6 to 14-inch cylinder. ij-inch stroke 

16 to 20-inch cylinder. 2-inch stroke 


In order to allow the use of air cylinders on spindles with com¬ 
paratively small holes, the diameters of the piston rods are as small 
as is consistent with the requisite strength. 
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In order to make it easy to compute the lengths of draw rods, 
the end of the piston rod projects i inch beyond the face of the hub 
on all sizes of air cylinders when the piston is at one end of its 
stroke and projects i inch plus the length of the stroke when the 
piston is at the other end of the stroke. 

The standard adapters are made with hubs large enough to 
take care of the majority of cases. The piston rods and adapters 
of this standard have been designed to withstand stress resulting 
from air pressures up to loo pound per square inch. It is intended, 
however, that these pistons and adapters may be applied to hydrau¬ 
lic cylinders or to other mechanical operating devices which do not 
develop working stresses in excess of those developed by the 
corresponding sizes of air cylinders. 


STEPS IN SCREW-MACHINE CAM DESIGN! 


Leotsf distance between 


1. Draw any vertical line AB, Fig. 21, and through its center 
draw any horizontal line CD. The latter represents tlie center line 
of the work and spindle. Against 
AB and to the right, draw the finished 
work, with its small end toward D. 

To the left oi A B (J in. or more) draw 
parallel line EF, This is the face line 
of the spindle chuck. Extend the 
largest diameter of the work lines 
to the left, cutting EF, Draw form 
tool groove G in work. 

2. Determine the method for 
machining; whether entirely formed 
by the front or back tools, and cut off, 
or if first turned from the turret, and 
then formed and cut off. This de¬ 
pends upon ratio between width of 
form cut and work diameter. 

3. Determine the cutting travel. 



-Laying Out Cams 


or throw, and feed per revolution for 21 - 
the front and back tools; w^hethcr 
these tools must work alone, or if either one or both can start together 
with a turret tool. 

4. Select the machine. This involves diameter of stock, length 
of finished piece, extreme length that can be turned, rigidity of 
machine for the work, lowest speed of machine (w'hcther it is too 
fast for threading), greatest length of tools the turret will swing, and 
the diameter of special tools the turret will swing, if used. 

5. Determine the working position of the form and cut-off tools 
and draw them on the sketch. 

6. Draw another vertical line HJ to the right of the work, 
representing the turret face, at the nearest position between turret 
and chuck, and so dimension it. Add dimensions from the turret 
face to each shoulder. 

7. Determine the revolutions per minute of the spindle, forward 
and reverse. Reverse is needed only when threading. 

1 C. W. Hinman. 
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8. Determine the order of operations. Name each one that 
requires time to complete, and write them in orderly sequence, one 
below the other, on a trial layout sheet. 

9. Determine the cutting travel or throw for each turret tool. 
Write these after their respective operations on the trial layout. 

10. Select the feed per revolution for each turret tool. Write 
these after their respective operations. 

11. Calculate the number of revolutions for each operation. 
Revolutions = travel feed. 

12. Complete the trial layout. Estimate about 20 revolutions 
for each operation of indexing and to feed the stock, then total with 
all the machining operations. Compare the total revolutions with 
the table^ of actual number of revolutions to make one piece on the 
machine selected. Choose the next higher number in the table, and 
substitute it on the layout. Also determine from the table the 
exact number of revolutions for feeding and indexing, and sub¬ 
stitute. Spread the extra revolutions, if any, on the heaviest cuts, 
and recalculate the feeds. The total number of revolutions must 
equal the actual number of revolutions chosen. 

13. Determine from the table the time in seconds to make one 
piece and select the change gears. 

14. Insert the number of hundredths of cam surface for each oper¬ 
ation. The number of hundredths is found by dividing the number 
of revolutions for the operation by the actual number of revolutions 
to make one piece, with two places pointed off from the right. 

15. Total divisions must be 100. 

16. Finish the layout, allowing for dwells and tool clearances. 
When using the slotting arm, one turret hole, previous to feeding, 
must be vacant to clear the arm. 

17. Determine where the form and cut-off tools are to begin and 
end their work. The cutting-off lobe usually ends at 99^. 

18. There should be from 5 to 7 hundredths cam clearance 
between all large turret tools and the cross-slide front or back 
tools, if either of the latter follow next. 

19. Draw the cams from the layout, cutting down the heights 
of the lead cam lobes, if necessary, to suit the tool body lengths 
(plus i in.) as compared with the shoulder dimensions in the sketch. 
Lobes on front and back cams are usually the same height as the 
cam-blank radius. 

20. There should be sufficient time to index the turret past its 
idle holes while cutting off. Example: For Brown and Sharpe 
No. o machine, it requires f second to feed stock or to revolve the 
turret once. If the spindle speed is 1,207 revolutions per minute, it 
will require 13 revolutions to index once; 26, twice; and 39, three 
times. 

21. Check the feeding distance for the extreme length of the feed 
for one throw of the feeding finger. 

22. When right-handed threading is performed, the fast speed of 
the spindle will be backward, and the slow forward. For left- 
handed threading, conditions are reversed. 

23. The number of revolutions for threading off is the same as the 
number of threads in the length to be threaded plus 4. 

* This refers to the tables in Brown and Sharpe screw-machine treatise. 
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24. Number of revolutions for threading on in the layout is the 
number for threading off, multiplied by the ratio found by dividing 
the fast spindle speed by the slow. 

25. If taps are coarser than 18 pitch and dies coarser than 16 
pitch, for screw stock, provide two threading lobes, one for roughing 
and one for finishing. On tool steel, the same applies to taps 
coarser than 24 pitch and to dies coarser than 20 pitch. 

26. Check the threading operation, whether a releasing or a 
nonreleasing holder is required. 

THREAD LOBES FOR SCREW MACHINE CAMS^ 


The following five methods show the difference in required die- 
lobe rises on Brown and Sharpe cams for a screw threaded for a 
distance of 0.875 at forty threads per inch, with a self-opening 
die head. Each method results in the same ultimate thread. 

I. A die lobe representing the exact duplication of a lead screw in 
an engine lathe; a 40-pitch thread advances 0.025 i^ich per revolu¬ 
tion of spindle or part. “ 0.025.^ Thicad length of 

I inch equals 35 revolutions. ^ - == 35 rev. 


') 


To this add 


three revolutions for approach to the work, making a total of 

38 revolutions to thread the part. Multiply the 38 revolutions by 
the 0.025 inch rise per revolution to determine that 0.950 inch die 
lobe rise is required. 

2. The general recommendation of self-opening die head manu¬ 
facturers is the actual lead as shown by method 1, plus 5 per cent. 
Required die lobe rise is then 0.950 inch times 1.05, or 0.997 inch 
die lobe rise. 

3. Another principle holds that the die head must advance 12.5 
per cent ahead of lead on the cam as compiled by actual required 
lead on the part to be threaded. After this is determined, divide 
results of 12.5 per cent less than actual lead into the length of thread 
required. This result equals actual revolutions required to com¬ 
plete the thread. To this add four revolutions for approach and 
the total number of revolutions is determined. To find the required 
die lobe rise multiply the actual J lead by the total revolutions and 
then subtract 10 per cent. Converting this into figures we find 
that a lead of 0.025 minus 12.5 per cent equals 0.022 inch lead. A 
threaded portion of 0.875 inch divided by 0.022 inch lead equals 

39 revolutions. This plus four revolutions for approach equals 
43 required revolutions of spindle to complete the thread; multiply 
43 revolutions by 0.022 lead equals 0.946 inch rise; this less 10 per 
cent equals 0.852 inch—the required die lobe rise. 

4. By a fourth method the following information must be known: 

(a) Actual number of revolutions required to thread; (b) 10 per 

cent of this figure to add for approach; (c) ratio b<'tween threading 
and cutting spindle speeds; (d) complete machine cycle time to 
produce one part; (e) spindle speeds at which job is to be run; (/1 
die lobe revolutions converted into hundredths of cam space, and. 


I A. Ainsworth. 
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(^) revolutions of spindle per hundredths of cam space at threading 
spindle revolutions per minute. 

Then i inch of 40 threads per inch thread requires 35 revolutions; 
adding 10 per cent, this equals 39 revolutions; multiplied by ratio of 
difference between spindle speeds (1,474 revolutions per minute 
divided by 663) or 39 X 2.22 equals 86 revolutions. With a known 
machine index time of 185 seconds we can determine the total revo¬ 
lutions at 1,474 revolutions per minute to complete the job and 
determine the hundredths of cam space required to thread. Con¬ 
verted, this is 18j seconds at 1,474 revolutions or 450 revolutions 
(4.5 revolutions per o.oi of cam space). Thus 86 revolutions are 
required to complete the thread, therefore 86 total revolutions 
divided by 4.5 equals 0.19 of cam space required to thread. Con¬ 
verted into revolutions at threading spindle speed the 450 revolu¬ 
tions required equal 205 or 2.05 revolutions per cam space. 

The formula then used is: Pitch in thousandths X revolutions 
per cam space at threading spindle speed X cam space to thread in 
hundredths = the required die lobe rise. 

Numerically this is: X 2.05 X 19 = 0.973 ^^ch required 

40 

die lobe rise. 

5. Another widely used formula is: 


Die lobe rise = 


revolutions required to thread 
number of threads per inch 

/'a variable constant for 
X <groups of threads 
(known as A and B. 


A — 0.85 for 14 to 24 threads per inch. 

B = 0.88 for 28 to 48 threads per inch. 

^8 

Translated to our example this is — X 0.88 = 0.836 inch 

40 

required die lobe rise. 

Methods i, 2, and 4 Recommended 

In checking the figures shown in Table 9a, it will be noted that 
method 3 shows a higher cam lobe to thread than method 5. How¬ 
ever, the former method allows more revolutions to thread and 
when proportioned out to equal advance per revolution it is found 
to be less than No. 5. This means that the thread in method 3 will 
cover more cam space, but will have less lead on the lobe as com¬ 
pared with No. 5. 

A self-opening die head has a bumper spring which allows lead on 
the cam either to equal or to exceed the advance of die head per 
work spindle revolution. Another die head feature compensates 
for worn index parts to eliminate variances in thread length. This 
is the outside trip. When a cam is designed to equal or exceed 
required lead, the outside trip will assure equal threaded lengths 
regardless of machine wear. 
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Table 9a.—R esults of Thread Lobe Rise Calculations by the 
Fd’e Methods Described 
(Figured for Self-Opening Die Heads) 


Method 

Req. Rev. 
to Thread 

Req. Die 
Rise Lobe 

Die Head 
Adv. per 
Spindle 
Rev. 

Lgth. of 
Thd. 
Portion 

Threads 
per Inch 


38 

0.950 

0 025 

0-875 

40 

h 

38 

0.997 

0.026 

0-875 

40 

3 

43 

0.852 

0.019 

0-875 

40 

*4 

39 

0-973 

0.025 

0-875 

40 

5 

38 

0.836 

0 022 

0-875 

40 


1 Recommended. 


Table 96.—Variation in Thread Lobe Rise Calculations by 
THE Five Methods 

(Applied to Cams for Use on Solid Die Heads) 


Method 

Req. Rev. 
to Thread 

Req. Die 
Rise Lobe 

Die Head 
Adv. per 
Spindle 
Kcv. 

Lgth. of 
Thd. 
Portion 

Threads 
per Inch 

I 

38 

0.950 

0.025 

0.875 

40 

2 

38 

0.997 

0.026 

0.875 

40 

‘3 

43 

0.852 

0.019 

0.875 

40 

4 

39 

0.876 

0.0225 

0.875 

40 

's 

38 

0.753 

0 

0 

0 

00 

0.875 

40 

1 


1 Recommended. 


Experience recommends that method i, 2 or 4 be used to deter¬ 
mine self-opening die thread iobes. 

With solid dies, where the die must be threaded on and off the 
work, different factors must be taken into consideration. The die 
head must lead on the thread-on and thread-off portion of the lobe, 
as faulty threads may be produced during either operation. Gen¬ 
erally speaking there is no bumper or compensating spring in solid 
die heads, thus the lead on the die lobe must permit a slight lead 
off from the start. However, too much lead would result in the 
die head pulling out to its extreme and causing stripped threads, as 
the die head pulls the turret forward, rather than the cam pushing 
the turret forward. On the thread-off operation the same difficul¬ 
ties are encountered. An incorrect thread-off lobe will cause the 
turret to pull the die head off. This is caused by the cam dropping 
away too quickly. Crowding of die head back into the holder 
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before it is clear of work is caused by a cam designed with drop away 
too slow. Either condition results in poor threads. 

A cam lobe for a solid die head requires more care and consider¬ 
ation than is required for the construction of one for a self-opening 
die. 

Reviewing the requirements of the two types of die heads we 
find that the first two methods of determining the thread lobe rise 
cannot be applied to calculations for the solid die heads. 

Method 3.^—This is entirely satisfactory for solid die-head lobe 
construction, but care must be taken to use the extra revolutions, 
which require more cam space and thereby decrease the actual lead 
on the cam. 

In applying method 4, take this same formula and use only 90 per 
cent of the die lobe rise computation obtained. On the example 
used this would result in a die lobe rise of 0.876 inch. 




Fig. 22.—Cam for Self-Opening Die Head Showing the Lobe and 
Dwell. The Part for Which This Was Designed Is Identical with 
That to Be Reproduced by the Cam in Fig. 23. Index Cycle Time 
Is 3 Seconds and Spindle Speed Is 600 to 1,200 Revolutions per 
Second. 

Fig. 23.—Cam for Solid Die Head to Be Used in Producing the 
Same Part as That Resulting from the Use of the Cam in Fig. 22 
with a Self-Opening Die Head. The Same Cycle and Same Spindle 
Speeds Are Used in Both Instances. 

Method 5. The use of this method will, of course, result in the 
same calculation as for the self-operating die lobe, or a required die 
lobe rise of 0.836. Experience has shown that the use of this 
method, with a further reduction of from 8 to 10 per cent on the 
results of its calculation, produces a desirable thread lobe for solid 
die head threading. On the example shown this would mean a 
required die lobe rise of approximately 0.753 inch. Figures 22 and 
.23 show cams for both types of dies. 

KNURLING TOOLS FOR AUTOMATICS 

A simple method of knurling on Brown and Sharpe automatics, as 
to setting up, adjustment, and cam design, for plain parts, is as 
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shown in Figs. 24 and 25 with side knurl holders where there is no 
need of turret tools. With a turret support, Fig. 26, wide knurling 
can be done. A. Ainsworth points out, however, that considerable 
side pressure results from this method of knurling, and that it is 
advisable to use light feeds and to provide for a dwell at the end of 
the cam rise. The side knurl holder is a circular disk similar to a 





Fig. 28. Fig. 29. 

Figs. 24 to 29.—Knurling Tools for Automatics. 


cross slide circular tool. Mounted into the face of this holder is a 
single or double knurl rotating on ground steel pins. 

Five types of tool holders are seen in hdgs. 35 to 39. A very 
versatile type is shown in Fig. 37. Tt can be used to produce 
straight, diamond, or helical knurled diameters with a pair or 
straight knurls, by adjusting the knurls in their blocks. It can be 
fed at a much greater rate than the cross slide types. Side pressure 
is eliminated, but it requires knurling both on and on the work. 
The off-feed, however, is double that of the on-feed. As a result, 
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the cam lobe for turret knurling closely resembles a solid threading 
die lobe and is often confused with it. 

This method of knurling can be used when cross slide tool holders 
are required for other tools. Cam design and setup are rather 
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Figs. 30-35. —Knurling Tools for Automatics. 



simple, and faster feeds and lower clearance requirements often 
lead to its choice over swing-knurling. Use of the turret knurl 
eaves the cross slide to remove the burr. 
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After one piece of work has been severed from the bar (Fig. 27), 
the combination cut-off and form tool drops back to allow threading 
and knurling, then again approaches the work to remove the burr. 
Again dropping away, the cam allows the finished piece to be fed 
to length and the cut-off tool approaches to sever the part. 

A second method is shown in Fig. 28. Here knurling is over stock 
diameter and requires no forming to size. The form tool is designed 
either to break corners or to produce a chamfer, as required. Fig. 
29 illustrates the third method. This can be applied where the 
length of the part is not prohibitive. The part is knurled over its 



Fig. 38. Fig. 39. 


Figs. 36-39. —Knurling Tools for Automatics. 

entire length. The form tool immediately follows the knurling 
operation and removes the knurl wherever it is not required. 

Figure 30 shows another type of knurling which can be done with 
the adjustable turret method. By forming or box-tooling previous 
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to the knurling operation, much machine time is saved, as it is not 
necessary to knurl the entire length of the part. This may be used 
when the diameter to be knurled is larger than any other diameter 
over which the knurl must pass to reach the starting point. 

The use of top and bottom knurl holders for cross slides is similar 
in principle to the use of a side knurl holder. A hub is ground on 
the circular tool and the knurl inserted over this and clamped into 
the cross slide tool post, together with the circular tool. An adjust¬ 
ing screw permits the knurl to be set as required. 

This method is applied when all the turret positions are close to 
other necessary tools or where no other turret tools would be 
required, provided that the part can be top and bottom knurled. 
It can be applied only when the required knurled width does not 
exceed that of standard knurls mounted in holder (Fig. 31). It 
cannot be used where the required knurl is close to either form or 
cut-off tool. 

In Fig. 32 it can be seen that a top knurl holder is used in conjunc¬ 
tion with a combination cut-off and form tool and a side knurl 
holder. The part is fed to length into a combined stop and support. 
The combination cut-off and form tool, which contains top knurl, 
advances and knurls the large diameter. Passing over the top of 
the bar, the knurl loses contact and the cut-off tool severs one piece 
and finish forms the next. Drop back on the cam allows this holder 
to clear the side knurl holder, advancing to knurl the small diam¬ 
eter. At the completion of this knurl the cut-off tool again returns 
to remove the burr. This fourth method requires somewhat com¬ 
plicated camming. Provision must be made for approach of the 
knurl before the cross slide can feed the knurl into the work. At 
completion of knurling, extra clearance must be provided to assure 
the cross slide clearing away before the swing knurl can be indexed 
out of position. 

Figures 33 and 34 show two types of work that can be done more 
easily, or only, by the swing tool method. The knurl in Fig. 33 
could be done only in this way, while the operation in Fig. 34, if 
done by side knurling, would require the use of special width knurls. 
In turret swing knurling on this job, a i inch wide knurl is fed into 
the bar by cross slide and then allowed to dwell while the turret 
advances the knurl along the bar to complete the knurled width 
required. 

In swing turret knurling, a guide is required to replace the regular 
raising block on right-hand cutting jobs. When a left-hand spindle 
direction is required, no block can be inserted under the front cross 
slide if a cutting tool is to be applied in this position; a special guide 
is installed by bolting to the side of the toolholder. 

AMERICAN STANDARD CIRCULAR AND DOVETAIL 
FORMING TOOL BLANKS OCTOBER, 1943 

This standard covers sizes and types of circular and dovetail 
forming tool blanks for automatic screw machines. The purpose 
is to provide interchangeability and to permit the reduction of the 
number of blanks now in use. 
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In order to establish a minimum number of blank sizes, the 
machines have been classified, for reference purposes, into six 
differpt groups of comparable stock capacities. Each group of 
machines takes a definite size of tool. I hc group-numbers have 
been arbitrarily assigned to identify the size of tool with the 
machines in which it is used. 

The illustrations and dimensions of the different designs have 
been separated from the machine classification in order that in the 


Table to.—Machine Classification 

(Dimensions in Inches) 


Group 

Num¬ 

ber 

Type of Machine 

Maxi¬ 

mum 

Ca¬ 

pacity* 

I 

No. 00 Brown and 
Sharpe 

No. IQ Brown and 
Sharpe 

Index “o” 
f Cleveland 

1 

iV 

i 


I Grid ley 

i 


i Davenport 

1 


A Acme Gridley 

No, 0 Brown and 

A 


Sharpe 

1 

2 

f Cleveland 

f 


I X i Cleveland 

I Iff 


No. 204 New Britain 

1 


1 Greenlee 

I 


1 X li Cleveland 

T 


i Gridley 



I Acme Gridley 


No. 172 New Britain 
No. 2 Brown and 

I 


Sharpe 

If 


if Gndley 

II 


li Cleveland 

If 

3 

if Cleveland 

u 


if X ij Cleveland 

1 } 


if X Cleveland 

If 


if Greenlee 

ll 


i| Gridley 


ij Greenlee 

If 


if Gridley 

It 


Grouf) 

Num¬ 

ber 

Type of Machine 

Maxi¬ 

mum 

Ca¬ 

pacity! 


i| Gridley 

If 


if Acme Gridley 

If 


No. 206 New Britain 

If 


No. 415 New Britain 
No. 410 New Britain 

If 


if Gridley 

If 


if Greenlee 

If 

4 

No. 4 Brown and 


Sharpe 

If 


2 Greenlee 

2 


2 Gridley 

2 


2 Cleveland 

2I 


2 X if Cleveland 

3 f 


2f Cleveland 

2] 


2f X 2I Cleveland 

.If 


2f Ciridley 

2f 


2f Greenlee 

2f 


No, 6 Brown and 



Sharpe 

2| 


No. 208 New Britain 

[ 2f 


No. 425 New Britain 

1 2f 

5 

2f Gridley 

i 


2f X 3f Cleveland 

3 f 


2f X 4 Cleveland 

3 Gridley 

2f 


3 


3 A Gridley 

3 A 


3f Gridley 

3 f 


3? Gndley 

3 i 


4 Gridley 

1 


4 Cleveland 

4 


4f Cleveland 

45 

6 

4f Cleveland 

4 f 


4f Gridley 

4 f 


4i Gridley 

45 


5 Gridley 

S 


Sf Cleveland 

s5 


6f Cleveland 

6i 


7f Cleveland 

7 f 


^ The group classification numbers apply to all machine models of the 
respective makes listed having the maximum capacities indicated. 
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future new models of machines may be introduced into the respec¬ 
tive groups without affecting the standardization of tool blanks. 

To facilitate procurement of tool blanks from commercial sources, 
circular tools have been designated by outside diameter and width 
of tool blanks and dovetail tools by group number and width of tool 
blank. 


Circular Tool Blanks 

, A circular tool blank is a disk with a centrally located mounting 
hole, plain or threaded, and a number of adjusting holes in the side. 
Circular blanks are used for making forming and cut-off tools by 
machining the periphery to the form of the product to be made. A 
notch is ground in the periphery to provide a cutting edge. 

Dovetail Tool Blanks 

A dovetail tool blank is a square or rectangular block having an 
external dovetail machined on one side throughout its whole length 
for clamping in the toolholder. The dovetail is slotted to provide 
adjustment. Dovetail blanks are used for making forming and 
cutting-off tools by machining the desired formed profile in the side 
opposite the dovetail and throughout its entire length. The top of 
the formed section is the cutting edge. 
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Table ii.—Typical Circular Forming Tool Holder for 
Machines in Group I 
(Dimensions in Inches) 


Machine Group 
Number 

Width of 
Blank 

A 

Bolt 

T(X)1 Post 

e 

Length 

/‘ 

Thread Size 

r 


\ 

1 

.3 

4 

^ to t 6 

A 


1 

7 

y 

1 to 16 

A 

I 

i 

i 

1 to 16 

A 


3 

4 

li 

} to 16 

A 


I 

li 

1 to 16 

A 


Tolerance for dimensions not otherwise specified shall be held to ±0.010, 
1 Tolerance for length of bolt is ± A- 

* Screw thread shall be made to Class 2 (NC 2, ASA B1.1-1935). 
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Table 12.—Typical Circular Forming Tool Holder for 
Machines in Groups 2 and 3 
(Dimensions in Inches) 


Ma,chine 

Group 

Number 

Width 
of Blank 

A 

Bolt 

Adjusting Pin 

Tool 

Post 

e 

Length* 

/ 

Thread 

Size’ 

d 

Radius* 

g 

Diam- 

eter< 

h 


I 

li 

i-13 

H 

0.18s 

i 


i 

li 

i"i 3 

H 

0.185 

f 

2 

1 

4 

li 

I-13 

H 

0.185 

f 


I 

ii 

i“i 3 

ii 

0.185 

f 


li 

2 

i-13 


0.185 

4 

1 

i 


i 

If 

f-ii 

f 

0.185 




I 

if 

i-ii 

3. 

4 

0.185 


i 

3 

I 

If 

|-ii 

i 

0.185 




ij 


f-ii 

i 

0.185 




ij 

2f 

l-ii 

i 

0.185 




Tolerances for dimensions not otherwise specified shall be held to ± o.oio. 

* Tolerance for length of bolt is ± 

> Screw thread d shall be made to Class 2 (NC 2, ASA Bi.1-1935). 

» Tolerance for the radius of the adjusting pin g is ±o.ooi. 

* Tolerance for the diameter of the pin is -f 0.000 — 0.001. 
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Lrj 


na ri i- 




Auxiliary w 


damp 


/ Adjusdrig 

plofe 

Cui-ter hold¬ 
ing boli 




--i 


Tool holder 


binding 

Adjusting pin bo/f-j, 
(Justing 




'Fable 13.—Typical Circular Forming Tool Holder for 
Machines in Groups 4, 5, and 6 
(Dimensions in Inches) 





Bolt 



1 Adjusting Pin 


Ma- 

Width 









chine 

of 




1 



1 

Tool 

Post 

Croup 

Num- 

Blank 

Length 1 

Thread^ 

Body^ 

Head 

Ra¬ 

dius* 

' Diam- 
etcr^ 

ber 

A 

/ 

d 

b 

k 

L 

g 

h 

e 



2f 

f-io 

0.749 

I 


H 

0.2.48 

li 



1 

2! 

l-io 

0.749 

I 

i 

tt 

0.248 

li 

\ 

4 

I 

2 f 

|-I 0 

0.749 

I 

i 

tt 

0.248 

li 

\ 


li 

3 i 

}-io 

0.749 

I 


n 

0.248 

li 



2 

3 k 

i-io 

0.749 1 

I i 

i 

H 

0.248 

1 j 




3 k 

f-IO 

0. 749 

I 

i 


0.248 

i] 



1 

3 

I- 8 

0.999 

I A 

A 

lA 

0.310 

I 



I 

3 i 

I- 8 

0.999 

I A 

A 

lA 

0 310 

I 


5 


3 i 

I- 8 

0.999 

I A 

! A 

I A 

0.310 

I 



2 

4 i 

1- 8 

0.999 

I A 

A 

1 I A 

0.310 

I 



2 i 

4 i 

I- 8 

0 999 

I A 

A 

lA 

0.310 

1] 



3 

4 k 

I- 8 

0.999 

I A 

A 

I A 

0.310 




f 

3 i 

I- 8 

0.999 

I A 

A 

I A 

0.310 

I 



1 

3I 

I- 8 

0.999 

I A 

A 

I A 

0.310 

I 


6 



I- 8 

0.999 

I A 

A 

I A 

0.310 

I 



2 

41 

I- 8 

0.999 

I A 

A 

I A 

0.310 

I 



3 

4 i 

I- 8 

0.999 

I A 

A 

I A 

0.310 

I 



4 

4 i 

I- 8 

0.999 

I A 

A 

I A 

0.310 

I 



Tolerance for dimensions not otherwise specified shall be held to ±0.010. 
1 Tolerance for length of bolt / is ± A- 

* The screw thread d shall be made to Class 2 (NC 2, ASA B1.1-1935). 

* The body of the screw b shall have a tolerance of 4-0.000, — 0.001. 

* Tolerance for the radius of the adjusting pin ^ is ±0.001. 

* Tolerance for the diameter of the adjusting pm h is 4"0.000, — 0.001. 
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Table 14.—Dimensions for Finished Blanks for Circular 
Forming Tools with Threaded Mounting Hole 


(Dimensions, ex cept pitch, in inches) 




Diameter { 

Width 

Adjust- 

Diam. 

Pitch 

Group 

Basic 


A 

mg h 

loles* 

of 

of 

Num- 

Blank 







Thread- 

Thread- 

ber 

Size^ 







ed Hole* 

ed Hole* 



Max. 

Min. 

Max. 

Min. 

C« 

D* 

E 

E 


il X i 


I a 






16 


IJ y 1 


la 

H 

#4 

No 

pin 

1 

16 

I 

li X { 

I n 

in 

ii 


he 

)le 

1 

16 


li X i 

I p 

I a 

a 

a 



1 

16 


li X I 

I p 

I a 

IA 

I A 




16 


2i X i 

2 A 

2 a 

U 

a 

Ii • 

A 


13 


2i X 1 

2A 

2 a 

u 


I } 

A 

f 

13 

2 

2i X i 

2 A 

2 a 

p 

a 

if 

A 

f 

13 


2i X I 

2 A 

2 u 

I A 

I A 

if 

A 

f 

1 13 


2i X li 

2A 

2a 

I A 

I a 

11 

A 

f 

13 


3 X i 

3 A 

3 A 

a 

H 

if 

A 

1 

11 


3 X 1 

3 A 

3 A 

a 

a 

if 

A 

f 

II 

3 

3X1 

3 A 

3 A 

I A 


If 

A 

i 

11 


3 X li 

3A 

3 A 

I A 

I n 

I f 

A 

1 

II 


3X1} 

3 A 

3 A 

iH 


If 

A 

1 

11 


* Blanks are designated by the basic outside diameter and width. Blanks 
made of high-speed steel shall be stamped H.S. 

* Six adjusting holes shall have a minimum depth of \ inch, greater depth 
or through holes optional. Adjusting holes shall be equally spaced on the C 
diameter circle and slightly chamfered. 

» Diameter C of location circle shall be ±0.002. 

* Diameter of adjusting holes D shal be ±0.002. 

®The threaded hole E shall be held within Class 2 tolerances (NC 2, ASA 
B1.1-1935. Both ends of threaded hole E shall be chamfered 35 degrees. 
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Table 15.—Dimensions for Finished Blanks for Circular Forming Tools with Counterbored Mounting 

Hole.— Continued 
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Depth 

G 


-hN H-# 
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*0 

X 

bo 
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0 

U 

P 

4, 
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h|c 4 r 4 cO fHjCO rHlCO r-HO ri^CO 
1 -H M M HH H-l l-i 

H|e^i-l|M r-ljW fHl« ihIW phIM 
H|cO HjcO h)c 9 r-l|e 9 i-t\cO »-<|c 9 

M M H M M M 

G 
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0 

Bearing 


; : :HSHSH2 

; ; :HSH3H2 


Diara- 

S 

M M M M M M 

H H H H M M 

bo 

G c 

•« to 




G 0 

TO 

G 

i^[aO ^lao wjoO *hI«) *-<|oO w|<JO 
<SM<N<N<NM 

H|oe r^loO n|oO P^|OC iHIijO iH |00 

M M M M M M 

rC 

: 

' 

Min. 
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M M <N fO 

M M cs CO 


Max. 

1 

M M <S CO 
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V 
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a 

c 
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Min. 
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VO 10 VO 10 10 

(: 
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Max. 

-KHSHS-KHSHS 

' 5 j' rj- rt tJ- '«t 

to to 10 LO ViO 10 


Basic 

Blank 

Sizei 
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IflIOO iH|C« iH|N 

M M CS <N CO 

xxxxxx 

Tj- Tf 

M|QO fh|C 4 

M M CM CO 

XXXXXX 
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Cufter Hoidmg Stud 



Collar Head Screw Adjustment 
(Dimensions in Inches) 


Ma¬ 

chine 

Group 

Num¬ 

ber 

Dovetail 

Serf'w 

Loca¬ 

tion 

n 

Adjusting Screw 

Bot¬ 

tom 

Widths 

u 

Thick- 

ness 

P 

Be¬ 

tween 

Plugs2 

r 

Plug 

Diam¬ 

eter 

Top 

Width 

t 

Collar 

Thread 

Size* 

J 

Diam¬ 

eter 

m 

Thick- 

ness^ 

Q 

I 

0.647 

n 

0.135 

A 

tt 

w 

A 

0.122 

i-28 

2 

0.897 


0.214 

i 

H 


^ . 

0.122 

i*ff -24 

3 

1.272 

11 

0.418 

A 

i 

if 


0.152 

A'- 24 

4 

1.790 


0 766 

1 

Mi 

fi 

II 

0.184 

i-24 

S 

1.790 


0.766 

i 

ih 


H 

0 184 

1-24 

6 

2.040 

!} 

0.674 

^ 1 

IA 


I 

1 

0.245 

1^«~20 


Tolerances for dimensions not otherwise specified shall be held to +O.OIO* 

1 Tolerance for the depth of dovetail p is ±0.003. 

2 Tolerance for the dovetail measured between plugs r is +0.002, —0.000. 

* Tolerance for thickness of collar is +0.000, —0.002. 

* The threads shall be made to Class 2 (NC-2, ASA Bi.i-ipas). 
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Table 17.—Typical Dovetailed Forming Tool Holder with 
Hook Bolt Adjustment 
(Dimensions in Inches) 


Ma¬ 

chine 

Group 

Num¬ 

ber 

Dovetail 

Screw 

Loca¬ 

tion 

n 

Adjusting Stud and 
Nut 

Bot¬ 

tom 

Width 

u 

Thick¬ 
ness 1 

P 

Be¬ 

tween 

Plugs* 

r 

Plug 

Diam¬ 

eter 

Top 

Width 

/ 

Length 
of Toe 

X 

Thick¬ 
ness 
of Toe 

y 

Thread 

Size* 

J 

I 

0.647 

H 

0 .135 

A 


A 

i 

i 

1-28 

2 

0.897 


0.214 

i 

i! 

i 

A 

A 

A-24 

3 

1.272 

fl 

0.418 

A 


i 

i 

i 

A- 24 

4 

1.790 

It 

0.766 

t 


A 



i-24 

5 

1.790 

u 

0.766 

} 

iH 

A 

A 

A 

i-24 

6 

2.040 


0.674 


I A 

A 

A 

1 

A 

A- 20 


Tolerances for dimensions not otherwise specified shall be held to -f-o.oio. 
1 Tolerance for the depth of dovetail p is ±0.003. 

* Tolerance for the dovetail measu’-ed between plugs r is +0.002, —0.000. 

* The threads shall be made to Class 2 (NC 2, ASA B 1.1-1935). 
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Notch for 

Adj. Nut^ 

Depth 

X 





43 





Adjusting 

Slot 

43 

a 

0 "" 

^^(ao 




.•§ ^ 



-RHsHS-t 


Plug 

Diam¬ 
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nNe« 9 He<^nfcB 



Across 

Plugs 

N> 

'O nO OnO 

M 

mxnin 10 

fO CO fO fO 
1/^ 1/) 

0000 

CS M CS 

ro CO CO ro 
10 »o m 
0000 

Cl M <N N 

0000 

0000 

10 10 »o >o 

Cl Cl M Cl 

Dovetail 

t/) 

P 

& 

HSHfiHSH;; 



-CHS-^S-K 

•p 

43 

.2fo 

4 ) 


— 


n|«M|«n{«MHi 

43 


rddd 


2 

2 

2 

2 

Length 

P 

2 

2 

2 

2 


CO fO CO CO 

"T "t 

Thickness 

T 

Min. 


serasi: 

W C< Cl 

CO CO CO CO 

wi<cc»i«»ww»»p» 
fO PO PO ro 

Max. 

W M M M 

C< M C< 

HSHS-CHj; 

CO CO CO ro 

CO CO CO CO 
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A 

Min. 

M N 

cs CO CO 

Cl ro Cl O' 

CO CO 

Max. 

M W W N 

CO CO 

Cl CO CO 0- 

CO CO't •*t 

Basic 

Blank 

Size* 

H-* 

M « CH « 

'cT co'co ^ 

nh# 

ro n 

CO fO 

S 6 fe 

8 

0:2: 

n 


10 

0 


•d 

o 

C 


pf 3 o « 

a§ s 

rt d rt 

« S§'l 

"5 f ^ fo 0, 

1 8||° 

p, d ? 

u 3 "r (/) 
(U <i ci .'ii 

E ^ C/} O 

5 -M 

C 

§" 

bo S >.I3 o 

O -Mn-l 

0 ) •*-* .Q I/) ^ 

43 a;^3T3 

^ - rt’ 7 ) 

(UOJ.t^-r rj 

u'd d 

c * ^ 

^ 

H-r c.S.o 

c< <^.d3 <U 5 O 
S- > a).2i <U 

0 »C OrC 
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Carbide Tools 

There are so many factors involved in the economical use of 
recent discoveries in high cutting speeds that many become con¬ 
fused and feel that nothing can be done without new machine 
equipment. While many machines now in use have neither power, 
speed, nor rigidity sufficient to utilize carbide cutters to their 
maximum capacity, production can be improved in most cases 
by a careful study of the various conditions necessary to secure 
greater output. 

As tool cost is a major consideration, both first cost and tool life 
are important. While the cost of carbides is much less than form¬ 
erly and will probably be still further reduced, the use of fewer 
teeth lessens cutter cost as well as the cost of grinding. 

For this reason the use of fewer tips lessens the cost both for 
carbide and for brazing them to the body. Experience indicates 
that tool life is increased by using thicker tips. Even with no 
saving in total carbide cost, there is still less expense in the attach¬ 
ing of the tips to the cutter bodies. Care must be taken to be sure 
that the brazing is well done, as heavy chip loads per tooth some¬ 
times loosen the tips from the body. 

Some find that the use of the induction coil gives better results 
than that of the torch, and that the body of the cutter should be 
heated hotter than the tip itself. Arthur A. Schwartz of Bell 
Aircraft Corporation finds that the brazing material known as 
Eutectic No. 1800 gives good results. 

There is also a tendency to make cutters with teeth of solid 
carbide clamped or wedged into a suitable body of cast metal such 
as Mehanite or of low carbon steel. 

Tool life and work finish are affected by the smoothness of the 
cutter surface. This depends both on the grade of abrasive used 
and on the relation between the wheel and the feed. A smooth 
chip surface on the tool permits an easier chip flow, takes less power, 
and reduces the heat of the chip. It is claimed that a 60-grit 
diamond wheel can be made to give a surface of J micro-inch if 
proper feed is used. Some prefer Norbide abrasive to diamond for 
this work. Finishing the chip surface with a hand lap is recorn- 
mended by some, while others feel that if it is done by hand it 
cannot be uniform. In one case however unskilled workers were 
taught to lap tools satisfactorily. 

There is also a process known as “vapor blast’* by which a very 
fine abrasive is blown on the cutting surfaces to give an effect 
similar to that of honing. This is applied both to high-speed steel 
and to carbide cutters, with very uniform results. 
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PUNCH PRESS TOOLS 

FINDING BLANKS FOR DRAWN AND FORMED WORK 

The rules that follow will be found of value in aiding the die- 
maker to figure areas of circular segments, etc., and to determine 
the relation between circles and squares in regard to their areas. 
Various other plane figures are included in the table of rules, these 
being of forms that the diemaker has to calculate frequently. 
Rules are given also for finding areas of cone surfaces, spheres, and 
other figures. 

Method of Finding the Diameters of Shell Blanks 

This method for the finding of diameters of shell blanks applies 
also to other shapes which frequently occur in practice. 

The method is based upon the surface of the shell in comparison 
with the area of the blank and should, therefore, be used only when 
light material is to be considered. In case of the flanged shapes the 
width of the flange should be small in proportion to the diameter. 

Cylindrical Shell 

Figure i shows a cylindrical shell of the diameter d and the depth 
h. To find the diameter of the blank, lay down the diameter d of the 
shell twice on a horizontal line, Fig. 2, add to this a distance equal 
to four times the depth h of the shell and describe a semicircle of 
which the total distance is the diameter. The vertical line D from 
the intersecting point with the circle to the horizontal line gives the 
desired blank diameter. Line D is to be drawn at a distance d from 
the end of the horizontal. 

Flanged Shells 

If the shell has a flange as in Fig^, 3, use the formula shown in Fig. 4. 

In the case of a hemisphere. Fig. 5, lay down the diameter three 
times on the horizontal line and draw the vertical line at the dis¬ 
tance d from the end, as in Fig. 6. 

If the hemisphere has a flange as in Fig. 7, add a distance equal 
to twice the width of the flange to the horizontal line, as in Fig. 8. 
In any case, the length of the vertical line D gives the desired diam 
eter of blank. The width of flange = a. 

Taper Shells 

If a shell with tapering sides. Fig. 9, has to be drawn, multiply I 
first the bottom diameter by itself and divide the product by the | 
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Table i.—Rules for ITndino Dimensions of Circles 
AND Squares 


To Find 

Having Given 

Rule 

Circumference. . . . 

Diameter 

Multiply diameter by 3,1416 or 

Circumference. 

Area 

divide diameter by 0,3183 

Divide area by 0.07958 and find 

Circumference. 

Side of an inscribed 

square root of quotient 

Multiply side A by 4.443 

Circumference. 

square A 

Side of square of 

Multiply side C by 3.545 . 

Diameter. 

equal area C 
Circumference 

Multiply circumference by 0.3183 

Diameter. 

Area 

or divide circumference by 
3.1416 

Divide area by 0.7854 and find 

Diameter. 

Side of an inscribed 

square root of quotient 

Divide side A by 0.7071 or multi- 

Diameter. 

square A 

Side of square of 

ply side A by 1.4142 

Multiply side C by 1.1284 or 

Radius. 

equal area C 
Circumference 

divide side C by 0.8862 

Multiply circumferencebyo. 15915 

Area. 

Circumference 

or divide' circumference by 
6.28318 

Multiply the square of the cir¬ 
cumference by 0.07958 

Multiply the square of the diam¬ 

Area . 

Diameter 

Area . 

Radius 

eter by 0.7854 

Multiply the square of the radius 

Area. 

Circumference and 

by 3.1416 

Multiply the circumference by 

Side of an inscribed 

diameter 

Diameter 

one-quartrr the diameter 
Multiply diameter by 0.7071 

square A 

Side of an inscribed 

Circumfereiici 

Multiply circumference by 0.2251 

square A 

Side of a square of 

Diameter 

or divide circumference by 

^fultiply diameter by 0.8C62 or 
divide diameter by 1.1284 
Multiply circumference bv 0.2821 

equal area C 

Side of a square of 
equal area C 

Circumference 


or divide circumference by 3.545 


sum of the two diameters d\ and d in order to obtrdn the length x. 
Otherwise proceed as shown in Fig. 10. 

Flanged Taper Shells 

If the taper shell has a flange of the width a, Fig. ii, add to the 
base line of the diagram twice this width, as shown in Fig. 12. 
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Table of Diameters of Shell Blanks 

Table 3 shows the diameters of blanks for shells J X i inch to 
6X6 inches inclusive, by \ inches. The figures were obtained by 
the formula that follows; 


D — y/d{d -[- 4//) 

where d = diameter of finished shell. 
h = height of finished shell. 

They were also checked by figuring on the area of the metal. 

If it is desired to punch the metal in one or more operations, 
get the mean height of the shell by the following formula: 



where m — mean height of finished shell. 
h = height of finished shell. 
t = thickness of finished shell. 

T = thickness of metal before drawing. 

Suppose, for example, a shell 2 inches in diameter by 6 inches 
high; thickness of metal before drawing, 0.040 inch; finish thickness 
of shell, 0.020 inch. Then 


hi _ 6 X 0.020 
'r 0.040 


3 inches . 


By using this height from the table we find a shell 2 inches in 
diameter by 3 inches high requires a blank 5.29 inches diameter. 

When the shell has rounded corners at the bottom, subtract the 
radius of the corner from the figures given in the table. Thus, in 


Fig. 13. —Shells of Different Diameters 

the last example, suppose the shell to have a radius of | inch on 
the corner; 5.29 — 0.125 = 5.165 inches, the required diameter 
of the blanks. 

When a shell has a cross-section similar to the ones shown in 
Fig. 13, the required blank diameter may be calculated by the 
following formula: 



where d — diameter of blank in inches 
W — weight of shell. 

w == weight of one cubic inch of the metal. 
( = thickness of shell. 
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adjacent columns. Thus, if we divide the diameter of a circle 
by the height of a segment, we get the “Per Cent Diameter.” 
Then in the next column is found the “Per Cent Area” that this 
amount represents. If the circle diameter D is, say, 4 inches and 
the segment h has a height of i inch, the percentage is or 25 per 
Gent. In the column of “Per Cent Area” find opposite 25 the 
value 19.54 per cent. The disc area in any table of circular areas is 
found to be 12.566, and 19.54 per cent of this will give the area of 
segment as 2.455 square inches. 

Interpolation may be required in some cases where the increments 
of I per cent are rather large, but ordinarily the areas are determined 
directly with sufficient accuracy. 

Table 2.—Areas of Se(;ments of Circles 



Showing Relation between Percentages of Diameter and Percentages 
of Area; Diameter Percentages Taken in Even Advances 
of I Per Cent 


Per 

Cent 

Diam¬ 

eter 

Per 
Cent 
j Area 

Per 

Cent 

Diam¬ 

eter 

Per 

Cent 

Area 

-Per 

Cent 

Diam¬ 

eter 

Per 

Cent 

Area 

Per 

Cent 

Diam¬ 

eter 

Per 

Cent 

Area 

Per 

Cent 

Diam¬ 

eter 

Per 

Cent 

Area 

I 

0 

170 

21 

15. 

.28 

41 

38 

6o| 

61 

63 

90 

81 

86.77 

2 

0 

477 

22 

16, 

30 

42 

39 

88 

92 

65 

14 

82 

87.76 

3 

0 

873 

23 

17. 

. 37 | 

43 

41 . 

, 11 

93 1 

66 

37 

83 

88.74 

4 

I 

337 

24 

18 

45 j 

44 1 

42 

37 

64 

67 

59 

84 

89.68 

5 

I 

869 

25 

19 

54 

45 

43 

64 

95 

68 

82 

85 

90.60 

6 

2 

443 

26 

20. 

96 

46 

44 

90 

66 

70 

03 

86 

91.50 

7 

3 

077 

27 

21. 

78 

47 

49 

17 

67 

71 

24 

87 

92.36 

8 

3 

746 

28 

22. 

91 

48 

47 

44! 

68 

72 

43 

88 i 

93 20 

9 

4 

457 

29 

24 

05 

49 1 

48 

72 

69 

73 

60 

89 

94.02 

10 

s 

203 

30 

25. 

.23 

SO 

50 


70 

'^4 

77 

90 

94.80 

11 

5 

983 

31 

26. 

4^1 

51 

51 

281 

71 

75 

95 

91 

95.56 

12 

6 

795 

32 

27. 

57 | 

5 2 

52 

561 

72 

77 

09 

92 1 

96.2s 

13 

7 

638 

33 

28 

76 

5 .. 

53 

831 

73 

78 

22 

93 

96.92 

14 

8 

502 

34 

29. 

97 

54 

55 - 

10 

74 i 

79 

34 

94 

97 61 

IS 

9 

403 

35 

31 

18 

55 

S6. 

36 

75 j 

80. 

46 

95 

98.13 

16 

10 

32 

36 

32 

41 

56 

57 

63 

76 

81. 

55 

96 

vS.66 

17 

II 

. 26 

37 

33 

93 

57 

58 

89 

77 

82, 

63 

97 

99.13 

18 

12 

24 

38 

34 ’ 

86 

58 

60 

12 

78 

83. 

70 

98 

99.52 

19 

13 

, 28 

39 

39. 

10 

59 

61 

40 

79 

84, 

■74 

99 

99 83 

20 

14 

.23 

40 

37. 

■JSj 

60 

62. 

65 

80 

85. 

77 

100 

100.00 


Example. —A segment to be blanked is of height 0.50 inch, diameter of disc 

or circle is 2 inches. — = 0.250 or 25 per cent. In column under head 
2 

“Per Cent Diameter,” find 25 and opposite in next column, “Per Cent 
A.rea” find 19.54 per cent. That is, the segment J inch high of a 2-inch disc 
Vvdll have an area 19.54 per cent of the disc area, and the weight of segment 
will be 19.54 per cent of the total disc weight. 
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Table 3.—Diameter of Blanks for Shells, i X i Inch to 
6X6 Inches 


Height of Shell 


0.75 0-90 

1.12 1.32 

1.44 1.68 

L.73 2.00 

2.01 2.30 

2.29 2.6o 

2.56 2.88 

2.83 3.16 

3-09 34; 
3-36 3-71 
3-6 i 3-98 

3- 87 4-24 

4 - 13 4-51 

4 - 39 4-77 

4.64 S -03 

4.90 5-29 

5- iS 5-55 

5-41 S-8i 

5.66 6.07 

5.92 6.32 

6.17 6.58 
6.42 6.84 

6.68 7.09 

6.93 7-35 


ir 

ir 

ir 

2^ 

2r 

2r 

1 .T4 

I-2S 

I-3S 

1.44 

I-S2 

1.60 

1.66 

1.80 

1.94 

2.06 

2.18 

2.29 

2 '.o8 

2.25 

2.41 

2.56 

2.70 

2.84 

2.45 

2.6s 

2.83 

3-00 

3-i6 

3-32 

2.79 

3-01 

.3-21 

3-40 

3-58 

3-75 

3-12 

3-'^6 

3-57 

3-78 

3-97 

4-iS 

3-44 

3-68 

3.91 

4.13 

4-34 

4-53 

3-74 

4.00 

4.24 

4-47 

4.69 

4.90 

4.04 

4-31 

4-56 

4.80 

5-03 

S-2S 

4-33 

4.61 

4-87 

S-I2 

5 36 

5-59 

4.62 

4.91 

5 -i 8 

5-44 

5-68 

5-92 

4.90 

5-20 

5.48 ’ 

5.74 

6.00 

6.25 

5 -i 8 

5-48 

5-77 

6.04 

6.31 

6.56 

5-45 

5-77 

6.06 

6.34 

6.61 

6.87 

5-73 

6.05 

6-35 

6.64 

6.91 

7.18 

6.00 

6.32 

6.63 

6.93 

7.21 

7.48 

6.27 

6.60 

6.91 

7.22 

7-50 

7.78 

6.54 

6.87 

7.19 

7.50 

7-79 

8.08 

6.80 

7-iS 

7-47 

7-78 

8.08 

8.37 

7.C7 

7.42 

7.75 

8.06 

8.37 

8.66 

7-3 5 

7.68 

8.02 

8.34 

8.65 

8.95 

7.60 

7.95 

8.29 

8.62 

8.93 

9-23 

7.86 

8.22 

8.56 

8.89 

9.21 

9-S2 

8.12 

8.49 

8.83 

9.17 

9.49 

9.80 


Height of Shell 


3r 

3r 

4" 

4r 

4 r 

4r 

1.89 

I-9S 

2.01 

2.08 

2.14 

2.19 

2.69 

2.78 

2.87 

2.96 

3-04 

3-12 

3-33 

3-44 

3-54 

3.65 

3-75 

3-85 

3-87 

4.00 

4.12 

4.24 

436 

4-47 

4.37 

4-51 

4.64 

4-77 

4.91 

5-03 

4.82 

4.98 

5.12 

5-27 { 

5-41 

5-55 

S-26 

S-4I 

5.58 

5-73 

5-88 

6.03 

5.66 

5.83 

6.00 

6.16 

6.32 

6.48 

6.05 

6.23 

6.41 

6.58 

6.75 

6.91 

6.42 

6.61 

6.80 

6.98 

7.16 

7-33 

6.79 

6.99 

7.18 

7.37 

7-55 

7.73 

7-14 1 

7-35 

7-5S 

7-75 

7.94 

8.12 

7.49 

7.70 

7.91 

8.11 

8.31 

8.50 

7.83 

8.05 

8.26 

8.47 

8.67 

8,87 

8.16 

8.38 

8.61 

8.82 

903 

9.24 

8.49 

8.72 

8.94 

9.17 

9.38 

9-59 

8.81 

9.04 

9.28 

9-50 

9.72 

9.94 

9.12 

9.37 

9.60 

9.84 

10.06 

10.28 

9-44 i 

9.69 

9-93 

10.16 

10.40 

10.62 

9-75 

10.00 

10.25 

10.40 1 

10.72 

10.95 


ii.os 11.28 

11.37 11-61 

11.69 11.93 

12.00 13.25 


sr sr sr 


4.80 4.90 

5-39 5-50 


8.66 8.83 

9.06 9.24 

9-45 9-63 

9.83 10.02 
10.20 10.39 
10.56 10.76 
10.92 11.12 

11.27 11-48 

11.62 11.83 

11.96 12.18 
12.30 12.52 

12.63 12.85 

12.96 1349 
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AREA ANB WEIGHT CHART FOR STEEL STAMPINGS^ 

The area or weight, or both, of stock for steel stampings can be 
obtained from Fig. 14^4 when the width of the strip, the gaging 
length, and the gage of the stock are known. 

Example. —Take a strip, 2.25 inches wide; gaging jump of 3.125 
inches, and gage of metal, No. 14, U.S.S. 



Start with a gaging length of inches at the foot of the chpt 
and trace upward to the intersection with the diagonal representing 
2i in. width of strip. Trace to the left to get the area of 0.0453 

square foot. . , „ ^ 

To get the weight, trace right from A io B on the intersection 
with the 14-gage line. Trace upward to the top of the chart where 
the weight is read as 0.148 pound. 

1 Edward Heller. 
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In either case the figure represents the area or the weight of one 
stamping. By moving the decimal point the information is 
obtained for lo, loo, or i,ooo stampings. 


LAYING OUT BENDING DIES 
National Cash Register Co. Method 

For right-angle bends as in Fig. 15, where the radius of bend is 
less than ^ inch, the custom is to multiply the thickness of stock 



i- 


anolvp 




\ 


\‘*o^a^aka40t*R) ^ 


Any 
crngle^^ 


-.»-• 

••->1 

Fig. 16 
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Fig. 17 

Figs. 15 to 17.—Right Angle and Other Bends 

by the constant 0.40 and add to the inside dimensions. Thus the 
length of blank L equals A B 0.40/. For bends having a 
radius greater than ^ inch, and of any angle, the formula is L = 
A B S (0.40^ R)y where 5 is a constant for the angle taken 
from the accompanying table. The 'developed length of a blank 
can be computed by considering each bend separately. 

The formula for the length of blank in Fig. ly \s L — A A" B A' 
C -h 25(0.40^ + R); ^ *= radius of bend. 
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For intricately formed blanks it has been found to be more 
satisfactory to cut out trial blanks for the forming dies. 

For detailed tables of bends see pages 633-635. 


Table 4.—Constants for Angle Bends 


Angle, Degree 

Constant -■ S 

Angle, Degree 

Constant S 

o-io minutes 

0.0029 

35 

0.6109 

0-30 

0.0087 

40 

0.6981 

I 

0.0175 

45 

0-7854 

2 

0.0349 

50 

0.8728 

3 

0.0524 

55 

0.9599 

4 

0.0698 

60 

1.0472 

5 

0.0873 

65 

I•1545 

10 

0-1745 

70 

I.2217 

15 

0.2618 

75 

1.3090 

20 

0.3491 

80 

1-3963 

25 

0.4363 

85 

1-4835 

30 

0.5236 

90 

1.5708 


PUNCH AND DIE CLEARANCE FOR ACCURATE WORK 

In the blanking, perforating, and forming of flat stock in the power 
press for parts of adding machines, typewriters, etc., it is generally 




Fig. 18. —Blanking Tools 

desired to make two different kinds of cuts with the dies used. 
First, to leave the outside of the blank of a semismooth finish, with 
sharp corners, free from burns, and with the least amount of round¬ 
ing on the cutting side. Second, to leave the holes and slots that 
are perforated in the parts as smooth and straight as possible and 
true to size. The table given is the result of considerable experi¬ 
menting on this class of work and has stood the test of years of use 
since it was compiled. 

The die always governs the size of the work passing through it. 
The punch governs the size of the work that it passes through. In 
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blanking work the die is made to the size of the work wanted and 
the punch smaller. In perforating work the punch is made to the 
size of the work wanted and the die larger than the punch. The 
clearance between the die and punch governs the results obtained. 

Figures i8 and 19 show the application of the table in determining 
the clearance for blanking or perforating hard rolled steel 0.060 inch 
thick. The clearance given in the table for this thickness of metal 



Fig. 19.— Perforating Tools 


is 0.0042, and Fig. 18 shows that for blanking to exactly i-inch diam¬ 
eter, this amount is deducted from the diameter of the punch, 

Table 5.—Clearances for Punch and Die for Different 
Thickness and Materials 


’ 

Thickness of Stock 
Inch 

Clearance for Brass 
and Soft Steel 
Inch 

Clearance for Medi¬ 
um Rolled Steel 
Inch 

Clearance for Hard 
Rolled Steel 

Inch 

.010 

.0005 

.0006 

.0007 

.020 

.001 

.0012 

0014 

.030 

.0015 

.0018 

.0021 

.040 

.002 

.0024 

.0028 

.050 

.0025 

.003 

.003s 

.0^ 

.003 

.0036 

.0042 

.070 

•0035 

.0042 

.0049 

.0^ 

.004 

.0048 

.0056 

.090 

.0045 

.0054 

.0063 

.100 

.005 

.006 

.007 

.no 

•ooss 

.0066 

.0077 

.120 

.006 

.0072 

.0084 

.130 

.0065 

.0078 

.0091 

.140 

.007 

.0084 

.0098 

.150 

.0075 

.009 

.0105 

.160 

.008 

.0096 

.0112 

.170 

.0085 

.0102 

.0119 

.180 

.009 

.0108 

.0126 

.190 

.0095 

.0114 

.0133 

.200 

i 

.010 

.012 

.014 
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whereas for perforating the same amount is added, as in Fig. 19, to 
the diameter of the die. For a sliding lit make punch and die 
0.00025 to 0.0005 ii^ch larger; and for a driving fit make punch and 
die 0.0005 to 0.0015 inch smaller. 

CLEARANCE FOR PUNCHES AND DIES FOR BOILER WORK 

The practice of the Baldwin Locomotive Works on sizes up to 
I i inches is to make the punch ^ inch below nominal size and the 
die inch above size, which gives inch clearance. Above li 


Table 6.—Piercing Punches 



inches, the punches are made to nominal size and the dies inch 
large, which allows the same clearance as before. 7 'he taper on 
dies below li inches is i inch in 12; on sizes above ij inches, it is 
half this or i inch in 12 inches. 


Table 7.—Piercing Punches Held by Set Screws 



Types of Punches 

Table 6 covers a series of punches for various sizes of pierced 
holes. The punch bodies at a point immediately under the head 
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are o.ooi inch large for fitting snugly in the punch plate as indicated. 
Such punches are readily ground to size and fitted to their places. 

The punches in Table 7 are useful where they are close to the 
edge of the punch holder and therefore reached by setscrews. 
The sizes are given range from ^ to 2 inches, and they are suited 
for blanking as well as piercing operations. 

A substantial type of punch for either piercing or blanking 
is covered in various sizes by Table 8. This construction provides 
for the securing of the punch in its holder by means of a fillister 
head screw rapped in from the top as indicated. 


Pilots 

The pilot is inserted in the blanking punch and is made to a 
long radius, equal at least to the diameter of the pilot body. This 



Table 9.—Pilots for Progressive Blanking Punches 
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question of pilots is of interest as they are so extensively used in 
connection with progressive dies. Table 9 has been laid out to 
cover pilot dimensions for the type of punch which is held by a 
fillister head screw tapped in from the top of the punch holder. 
The same dimensions apply also to pilots for the other classes of 
punches whose proportions are given in Tables 6, 7, and 10, and in 
all cases the pilots should be ground or otherwise finished on the 
stem or shank to a press fit in the ends of the blanking punches. 

Ordinarily the pilots can be made of drill rod. In the smaller 
sizes, as indicated in the tables, the point of the pilot is rounded to a 
definite radius given in Column D, Table 9. For larger sizes of 

Table 10.— Progressive Blanking Punches with Pilots 
For Pilot Dimensions Refer to Table 9 
Make L for All Punches Equal to Pilot Shank i Inch 



D ■■ Diam., 
Inches 
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pilots, the bottom end is flat, reducing the length accordingly, and 
the corners are rounded to a radius of ^ inch. These proportions 
are varied, where necessary, but for a wide range of work, they 
have proved satisfactory. 

Allowances for Shaving 

As for any given material, or grade of stock, the condition of the 
contour of the blank will vary with the thickness of the metal, 


Table ii.—Amount to Allow on a Side for Shaving Contour 
Where Only One Shave Is Taken 


Thickness 
of Blank, 
Inch 

Soft 

Steel, 

Inch 

Half- 

hard 

Steel, 

Inch 

Hard 
Steel, 
Inch " 

Ger¬ 

man 

Silver, 

Inch 

Brass, 

Inch 

Thickness 
of Blank, 
Inch 

H4, (.0782) 
Jia (.0938) 
Ui, (.1094) 
H (-125) 

; .0025 
f .003 

.0035 

.004 

.005 

.007 

.003 

.004 

.005 

.006 

.007 

.009 

.004 

.005 

1 .006-.007 
.007-.008 
.009-.011 
.012-.014 

.005 

.006 

.007 

.008 

.010 

.014 

.005 

.006 

.007 

.008 

.010 

.014 

H4. (.0468) 
Me (.0625) 
H4. (.0782) 
M2 (.0938) 

1 Hi. (1094) 
H (.125 ) 


Table 12.—Amount to y\LLOw on a Side for Shaving Contour 
Where a Second Shaving Operation Is Used 


Thickness of Blank, 
Inch 

Allowance for First Shave 

Soft Steel, 
Inch 

Half-hard 
Steel, Inch 

Hard Steel, 
Inch 

%4(o468) 

.0025 

.003 

.004 

Ho ( 0625) 

.003 

.004 

.005 

5-64 (-078) 

•0035 

.005 

.006 -.007 

H2 ^0938) 

.004 

.006 

.007 -.008 

H4(.io94) 

.005 

.007 

.009 -.Oil 

H ^125) 

.007 

. OOQ 

.012 -.014 


Thickness of Blank, 
Inch 

Allowance for Second Shave 

Soft Steel 
Inch 

Half-hard 
Steel, Inch 

Hard Steel. 
Inch 

Hi (-0468) 

.00125 

.0015 

.002 

He ( 0625) 

.0015 

.002 

.0025 

Hi (- 78 ) 

.00175 

.0025 

.003 -.0035 

H 2 1-0938) 

.002 

.003 

.0035-.004 

Hi (1094) 

.0025 

•0035 

.0045-.0055 

H l-iiS) 

•0035 

.0045 

.006 -.007 
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the amount left for shaving should likewise vary and with a fair 
degree of uniformity from the thinner gages to the thick material. 
Similarly the allowance for any given thickness should vary for 
soft, half-hard, and hard material. In order to cover these allow¬ 
ances for steel blanks of the three grades noted, Table ii has been 
developed and has been given thorough tests in connection with 
numerous shaving dies operating on different classes of work. 

This table covers thicknesses of metal from ^ inch to -j inch 
inclusive and also includes allowances for German silver and brass. 
For the latter two materials, it will be noted, the shaving allow¬ 
ances are double those for steel of the same thickness. Table 
12 is arranged to give allowances where two shaving cuts are taken. 
From the quantities under the heading Allowances for secor^d 
shave,” it will be seen that the amount left for the second .shaving 
operation is one-half that for the first. Thus in the case of a soft 
steel blank ^ inch thick requiring two shaving cuts, 0.003 inch 
would be allowed on a side for the first shaving die to remove and 
0.0015 inch for the second shaving operation, or a total of 0.0045 
inch on a side or 0.009 inch over all, the blanking dies being made 
0.009 i^ch larger than the finished size of the piece. 

The Effect of Sheared Tools 

Where the tools are sheared, that is, beveled off from one side to 
the other to give a gradual sloping cutting action, the pressure 
required is much less than given in the table, and may usually be 
taken at one-half of the pressures for flat tools for stock not over, 
say, i inch thick. Beyond that a safer amount would be tw’o- 
thirds of the pressure necessary for dies without shear. 

Table of Die Clearanxes or Relief 

It is of value to know how much increase in blanking die size 
occurs as the face is ground down in resharpening. Table 13 has 
been worked out to cover various angles of taper besides the con¬ 
ventional slope of J degree on a side. Although the half-degree 
taper relief or clearance is almost universally used for ordinary 
dies, there are special instances where this angle has been exceeded, 
especially with certain piercing and perforating dies. 

Whereas, ordinarily, the ajii^ie of J degree on a side will allow of 
the free discharge of the slugs irom perforated blanks, such mate¬ 
rials as aluminum and similarly soft metals sometimes produce 
slugs that, in the small sizes particularly, tend to swage into the 
walls of the piercing die when forced down by the punch and 
because of the expanding action upon their limited areas. These 
slugs may then stick and stack up and, becoming welded together, 
are likely to cause the punch to break or the die to become chipped 
around the edges of the small hole. 

The table is arranged to show the additional amount at each side 
of a die for every ten thousandths ground off of its top face. 

This is much more than the average amount removed in one 
grinding, but it is a convenient increment to work from, and the 
quantities in the columns that follow are very readily modified to 
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correspond to any special amount taken off the die face in the 
grinding operation. 

Consider the half-degree column: The increase at each side of the 
die is entirely negligible when the first o.oio inch has been ground 
from the face, and only after the die has been ground down 0.120 
inch, or almost i inch, docs the diameter of the die become 0.001 
inch greater on each side or 0.002 inch more over all. 

Another Table of Clearances between Punch and Die 

Table 14 has been computed to cover clearances for all gages of 
material in the three gage standards commonly used for sheet metal. 

This table has been worked out more in detail to give clearances 
based upon various percentages of stock thickness ranging from 
5 to 12 per cent. The first column is arranged to advance by 
increments of 0.005 and directly opposite, under the respective 
gage headings, are grouped the actual gage equivalents most 
closely corresponding to the thickness in the first column. 

Of the six columns of clearances, the first three are particularly 
adapted to very accurate work and small parts especially, 5 per 
cent being the allowance computed for brass and soft steel, 6 per 
cent for medium rolled steel, and 7 per cent for hard rolled steel. 
Similarly, the other three columns cover the general run of work 
where a little more clearance is permissible, 8 per cent being here 
allowed for brass and soft steel; 10 per cent for medium rolled 
steel; and 12 per cent for hard rolled steel. 

These clearances apply to piercing dies as well as to dies for 
blanking. 


A 

B 

C 

D 

E 

F 

0.437" 

’/z" 

0099" 

3/,6" 

V,6" 

%7 

0437" 

Vz" 

0 125" 

3/,6" 

'/16" 


0 437" 

V 2 " 

0 187" 

3/16" 

'/16" 

9/32’ 

0437" 

Vz" 

0 250" 

3/16'' 

'/l6" 

9/32" 

0437" 

Vz" 

0316" 

3/16" 

Vie" 

9 / 32 " 

0437" 

Vz" 

0 193" 

3/.6'’ 

'/,6" 

9 / 32 " 

0 250" 


0 099" 

3/16" 

Vie" 

9/j?" 

0250" 

5/16“ 

0 128" 

3/16" 

Vie" 

9/32" 

0250" 

5/I6" 

0 193"”^ 

3/16" 

Vie" 

9/32" 

0.250"! 
0 250"" 

s/ie" 

0 161" 

3/16" 

Vie" 

9/32' 

5/16' 

0 136'' 

3/16" 

V16" 

9 / 32 “ 

0 250" 

5/|6" 

0209" 


'■/le" 

9^2’ 

0'250“ 


0099" 

V 4 " 

’/8" 

9 / 32 " 

0 . 250 ” 


0.099"' 

V 4 " 

'/4" 

9 / 32 " 

0250" 

5/16" 

'0"l93" 

"'3/16" 

Vie" 

9/32“ ' 



Small Insert Punches at Bell Aircraft Corporation Arc Made 
in Large Numbers to This Drawing and Table of Dimensions. 
Some Large Dies Have as Many as 750 Such Punches. In Gen¬ 
eral, the Holes They Produce for Rivets Are Subsequently Enlarged 
by a Drill Which also Passes through the Mating Part. 
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Table 13.—Die Clearances or Relief 
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Clearance Between Blanking Punch and Die 

Based Upon Percentage of Thickness 
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Table 15.—Die Clearance for Hot Flanging Tools 


Plate Thickness, 

Clearance, 

Shrinkage, in 

in Inches 

in Inches 

Inches per Foot 

0.75 

0. 100 

0.125 

0.625 

0.083 

0.125 

0.50 

0.067 

0.125 

0-375 

0.050 

O.I 2 S 

0.25 

0.033 

0.125 

0.187s 

0.025 

0.125 

0.125 

0.017 

0.125 

0.100 

0.012 

0.125 


Figures below are for slightly heated plates worked on power presses 


0.187s 

O.OIO 

0.0625 

0.128 

0.006 

0.0625 

0.104 

0.004 

0.0625 


DOUBLE-ACTION PRESS DIES 

Double-action dies may be either ^‘push-through” tools or they 
may be of “closed-bottom” type. The former design permits the 



Fig. 20. —Typical Blanking and Drawing Dies 

drawn work to be pushed through and out of the dies upon the com¬ 
pletion of the downstroke of the press. The closed form of die 
includes a push-out member, or knockout, which ejects the work 
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from the top of the die opening. Both types of dies are used in 
double-acting presses, and a typical position arrangement is shown in 
Fig. 20, which illustrates the double press gate as used by Water- 
bury-Farrel on its presses. 

Figure 20 shows the arrangement of the tools and their operation 
in blanking and drawing a shell of typical proportions. Taking 
the left-hand section first, the crank A is seen in top position. 
Blanking punch B is actuated by the two cams C mounted on the 
crankshaft, and the drawing punch Z> is, of course, operated by the 
crank and plunger E. The drawing punch is secured by a key in 
the holder carried by the plunger E, and the plunger itself operates 
up and down through the sleeve F of the blanking gate-connecting 
mechanism. 

In the 90-degree position shown in the group of sectional views, 
during the first 90-degree action of the crank, the blanking punch is 
brought down its full stroke, as shown. It cuts out the blank and 
forces it down through the blanking die G and holds it securely on 
top of the drawing die II. At the same time the drawing punch 
descends halfway, ready to draw the disc into shell form. 

The second 90-degrcc movement of the crank (to the 180-degree 
position) holds the blank in position by means of the blanking 
punch while the drawing punch completes its downward stroke and 
draws the shell to depth. 

During the third 90-degree crank movement (to 270 degrees) both 
punches rise together, and the blanking punch completes its upward 
stroke, but the drawing punch still has one-half of its upstroke 
remaining. Since the blanking punch remains stationary at this 
point while the drawing punch completes the last 90 degrees of 
action, the blanking punch serves as a stripper for the shell /. 

Usually dies for blanking and drawing are equipped with a 
stripper K for the blanking punch. Where work is not drawn 
through the dies, a knockout, like L, is used under the dies. If the 
work is not ejected from the dies but is to be drawn through them, 
the action of the blanking gate M and the drawing plunger F 
is the same as described above, but the relative position of the tools 
is different, as the drawing punch must descend far enough into 
the dies so that the shell will be stripped from it by the underside 
of the drawing die itself. No knockout is required in the latter 
arrangement. 

Typical Double-Acting Sub-Press 

In Fig. 21 is shown a typical double-acting sub-press with a list 
of parts and the dimensions of each. The punch blanks and 
punches the piece at the same operation. A little study of the 
identification list on the right will make the operation clear. This 
is helped by showing the left side in the lower position. 

TYPICAL STANDARD DIE SETS^ 

Classification Sheet for Class-A-A Die 

Dies made under this heading shall be of the highest grade in 
workmanship and material, calculated to give maximum service 

1 Abstracted from specifications of National Die and Special Tool Builders 
Assodation. 
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for large production requirements, and shall have the following 
important features: leader pins and bushings hardened, ground, and 
lapped; automatic stop, first and second stop when necessary; 
die to be proper thickness best suited for the work, preferably not 



less than f inch; cutting parts of the die to be within plus or minus 
0.001-inch limits where required; the die to have i-degree taper for 
entire thickness or to be nearly straight for about | to i inch from 
top, followed by about 2-degree taper for balance of thickness; the 
die to have bushings for all small perforating holes whenever it is 
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possible to use bushings; the stripper plate to be machine steel, fitted 
closely to punch, and to have hardened steel bushings for all small 
perforators whenever possible; the punch to be solid with base; 
perforators, to be set in base of punch when possible; the perforators, 
if smaller than J inch in diameter, shall be in hardened quills when 
possible; the punches and perforators to have spring shedder pins 
when possible; the punch to have, if possible, hardened steel backing 
plate to take the thrust of perforators, or hardened round discs of at 
least three times the diameter of perforators behind each perforator; 
dowel pins and holes to be ground and lapped; the clearance and 



Fig. 2 2.—Section of Class A-A Die 


line-up of cutting edges shall be such as to produce blanks smooth 
and free from burrs. These specifications are for extreme accuracy 
and large production requirements. These die sets are shown in 
Figs. 22 to 24. 

Classification Sheet for Class>A Die 

Dies made under this heading shall be of high-grade workman¬ 
ship and material suitable for average requirements calculated to 
give long service for large production and shall have the following 
important features: leader pins and bushings to be hardened and 
ground; automatic stop, first and second stop when necessary; 
dies to be of proper thickness best suited for the work, preferably 
not less than | inch; cutting parts of the die to be within plus or 
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minus 0.002-inch limits where required; die to have J-degree taper 
for entire thickness, and to have bushings for all small perforating 
holes whenever possible; stripper plate to be machine steel fitted to 
punch and perforator; punch to be solid with base or whenever 
possible set in machine steel plate; perforators to be set in punch 
base or whenever possible in plate; punches and perforators to have 
spring shedder pins for light material; small punches and perforators 
to have steel backing plate or discs behind each perforator; clear¬ 
ance between punch and die and line up of all cutting edges shall be 
such as to produce blanks free from burrs. These specifications 
are to be followed for the average first-class die for large production. 

Classification Sheet for Class-B Die 

Dies made under this heading shall be of first-class workmanship 
and material and shall have the following features: plain punch 
and die holders; plain flat or pin stop; die to be of proper thickness 
best suited for the work, preferably not less than inch; cutting 
parts of the die to be within plus or minus 0.003-inch hniits; die to 
have J-degree taper for entire thickness; stripper plate to be 
machine steel and not contact with punch or perforator; punch to 
be set in machine steel plate or screwed to punch holder; perforator 
bushings to be set in die shoe casting w^henever possible; clearance 
between punch and die to be such as to produce fairly smooth 
blanks, but small burrs are permissible. General appearance 
of the die is not important; refinements are not necessary. These 
specifications are to be followed for a die for medium production 
requirements or when dimensions are not important. 

Classification Sheet for Class-C Die 

Dies made under this heading shall be of first-class workmanship 
and material, but because of only small production requirements 
shall be known as temporary dies and shall have the following 
features: plain punch and die holders; plain flat or pin stop; die to 
be i inch or less in thickness, according to requirements; cutting 
parts to be within plus or minus 0.005-inch or more limits; die to 
have J- to i-degree taper; stripper plate to be thin machine steel 
plate with strips underneath to form guide for stock and not to 
contact with punch or perforator; punch and perforators to be 
short and set in machine steel plate or held with screws. 

STANDARDIZING NAMES OF DIE-SET PARTS 

Technical Committee 9 of the American Society of Mechanical 
Engineers recommend that the present name of punch and die 
holders be changed to ^‘die sets” as covering the subject more 
completely. It also recommends the following definitions for die 
set parts: 

Die Sets.—The name given to the complete unit. 

Punch Holder.—The name given to the upper member of a die set. 

Die Holder.—The name given to the lower member of a die set. 

Guide Post.—The portion of a set connecting the upper and lower units. 

Guide Bushing.—The part into which the guide post functions. 
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Guide Holes.—The openings in either the punch or die holder into which 
the guide posts or guide bushings are placed. 

Shank. —The projection portion of the punch holder which enters the 
hole in the ram of the press. Standard shanks may be of the inserted or 
integral types and either round or dovetail in shape. 

Flange.—The portion of a die holder or punch holder to which the die 
holder or punch holder is bolted or clamped to the press. 

STOCK STOPS FOR DIES 

Some t)rpical stops for dies arc shown in Fig. 25. yl is a plain 
stop, usually a piece of metal bent up at right angles, though 
oftentimes a pin or screw is let into the die as an end stop for the 
work. The angular stop has the advantage of ready adjustment by 



0 E 

Fig. 25. —Stock Stops for Dies 


means of the screw that holds it in place. Z?, Fig. 25, is merely a 
side view of almost any form of trigger stop where the device is 
pivoted near the front (or sometimes back) of the die stripper and 
arranged to be struck by the trip pin on the downstroke of the 
press. The shape of the inner or working end of the stop trigger is 
modified to suit the size and shape of the blank opening into which 
it plays when released by the upstroke of the trip. 

The trigger stop may be placed, as shown by C, Fig. 25, in 
convenient position along the face of the stripper to contact with its 
bent end in a blanked opening in the work. Sometimes it is 
desirable to use an offset contact end like D, Fig. 25, particularly 
where it is preferred to stop against the central portion of the stock 
along an irregular contour, as shown in this sketch. 

The stop trigger may be set at the rear of the die instead of 
toward the front—this is indicated in E, Fig. 25—or it may be fitted 
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in at an angle, as is sometimes desirable, where it will clear guide 
posts, screws, or other parts to advantage. 

Two kinds of springs are shown under the outer ends of the stops. 
In either case the spring is set to crowd the outer end of the stop 
to the left (where work is fed from the right) and to swing its work¬ 
ing end to the right. 



E 6 



Fig. 26. —Disappearing Gage Pins. {Contributed by Edward 
Heller) 


A —This type can be used where the shoe is heavy enough to house the 
spring and plug. The pin should be loose enough to slide freely, but not 
loose enough to collect dirt 

B-—Where the base is exceptionally thick, it is better to drill from the 
top 

C—Same type as B hung to a movable stripper. The spring socket enters 
a clearance hole in the die shoe 

Z>—Built-up in holder. Piece A is held by two screws and two dowel pins 

E —Flat spring type. The pin end of the spring is slotted to prevent 
turning 

F —Where two pins are used and the spring is held by two screws, it is not 
necessary to slot the ends of the spring 

G —The up and down movement of a pin tends to rotate it slowly. Drilling 
the head for a wire prevents this. This type may be flattened on the side 
or sides, if necessary 

H —Application to a shell drawing die in a double acting press. Two 
pins are used to gage the blank, and are depressed by the blank holder 

I —;In some cases it is desired to punch holes at different dis^nces from the 
edge in the same die. The disappearing gage pin permits this 

The trigger fits freely in the slot in the stripper plate, and slight 
tapered side clearance is provided in the inner end of the slot. 

COMPOUND-DIE CONSTRUCTION 
In simplest form the compound die produces at a single stage a 
pierced and blanked article, a simple washer form, say, like the 
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piece over Fig. 27. The blanking die A is attached to the punch 
head by fillister head screws and dowels and is fitted with a 
shedder C which also fits the piercing punch D housed in the die 
shoe. Pressure pins E, acted upon by spring F in the shank keep 
the ejector flush with the face of blanking die A, except when forced 
up by the blanking operation when the punch head closes on the 
work on the downstroke of the press. 

Blanking punch G, with flanged base in this case, has the piercing 
die hole in its center at // and has a close-fitting stripper-and- 
pressure-pad I held against four compression springs. When 
the upper die comes down on the stock, the blank is forced up 
against the action of shedder C and snapped out into the die, and 
at the same time the piercing punch knocks out the slug into die 



Fig. 27.—Compound-Die Construction 


opening H which is tapered and cleared for free passage of slugs 
out of the dies. 

On the upstroke shedder C clears the blank out of die A. On 
some work of heavier gage the positive press knockout is used for 
shedding the blank from the upper die. 

There are a number of ways of mounting stripper plate and 
springs and also diflerent arrangements of shedder or ejector in die 
A depending on class of work, size, etc. Usually the pressure 
between stripper I and punch face A is sufficient to prevent wrin¬ 
kling or buckling of the work. 

At the right is a method of using a single heavy spring below 
the die shoe, the pins J extending down from the‘stripper to rest 
on the spring plate. Sometimes such a spring is‘.^ permanent 
attachment under the bolster of the press. In the die shown, the 
spring stud is drilled lengthwise to clear slugs as pierced from the 
work. When the strip of stock is pressed against the stop, 
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the latter is pressed against its bearing surface at the left side in the 
stripper; but when its contact end is lifted from the stock by the 
descent of the punch holder the clearance at the inner end of the slot 
allows the side pressure of the spring at the front end of the stop to 
force the inner end of the stop to the right and cause it to drop onto 
the face of the strip of stock as the punch rises. Then the strip is 
readily fed along until the stop end again drops into a blanked 
opening. 


HYDRO-PRESS FORMING 

The development of airplane production, especially on the west 
coast, has included the use of rubber pressure pads to an extent 
not previously known. The following notes give this practice as a 
guide to those not familiar with the method. 

Average rubber pressure of 1,000 to 1,500 pounds per square 
inch is satisfactory for thicknesses up to inch in 24SO. For 


Table 15a.—T onnai.e Capacities of Power Presses 
Capacity of Crankshafts at the Bottom of the Stroke 


Crank Shaft 
Diam., in 
Inches 

Tons* 

Crank 
Shaft 
Diam., in 
Inches 

Tons* 

Single 

Crank 

Press 

Double 

Press 

Press 

Single 

Crank 

Press 

Double 

Crank 

Press 

li 

6 


6 i 

150 

150 

4 

7-5 


7 

180 

180 

if 

9 


7 f 

21s 

215 

4 

10 .5 


8 

255 

255 

if 

12 


9 

345 

345 

2 

14 


10 

440 

450 

2? 

16 


II 

545 

650 

2 i 

18 


12 

665 

900 

2i 

22 

22 

13 

790 

1,150 

2i 

26.5 

26.5 

14 

920 

1,400 

3 

31-5 

315 

15 

t,o6o 

1,700 

3 i 

37 

37 

16 


2,000 

3 i 

43 

43 

161 

1,300 


4 

56 

56 

17 


2,300 

4 i 

71 

71 

18 

1,560 

2,700 

5 

88 

88 

20 

L 950 


5 i 

106 

106 

22 

2,380 


6 

126 

126 

24 

2,860 



1 The tonnage figures do not apply to end-wheel type of press with over¬ 
hanging cr^nkpin, {Courtesy of Dayton Rogers Manufacturing Co.) 
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heavier gages of 24ST the pressure must be from 2,000 to 3,000 
pounds per square inch. 

Minimum flange width to be formed is J inch for soft metal and 
^ inch for 248!'. This is in addition to the radius. One plant 
uses the following formulas, based on pressure of 1,000 to 1,200 
pounds per square inch. 

Minimum flange width 24SO = inch + 2.5 X thickness 
Minimum flange width 24ST = J inch -{- 4 X thickness 

It is customary practice to equip the average press with draw 
ring holding pressure one-sixth of the total press tonnage. In 
doing so, you are always assured of equipping your press with the 
maximum size cushion that will operate satisfactorily on a given 
press. On the average inclinable press, it is usually necessary to 
resort to tandem construction. To figure the draw ring holding 
pressure produced by a pneumatic die cushion, multiply the surface 
of the piston or pistons, in square inches, by the air pressure used 
on the given cushion, in square inches. Example: If an 8-inch size 
cushion is used, surface would be 48 square inches. If the working 
pressure from the shop air line to the cushion was 50 pounds per 
square inch, 50 times 48 equals 2,400 pounds, which would be 
developed on the draw ring. In other words, on a 50-pound maxi¬ 
mum shop air line, using an 8-inch cushion, the approximate 
maximum draw ring holding pressure available would be 1 1 tons. 

U. S. NAVY PRACTICE 

All punches and dies must be capable of [lunching 5,000 holes in 
medium steel plate, J inch less than the [lunch diameter, without 
regrinding. The proportions are shown in Tables 16 and 17. 
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Table i6.—United States Navy Standard Punches 


(Dimensions in Indies) 


Nominal Size 

A 

j 

Mini¬ 

mum 

Maxi¬ 

mum 

C 

D 

E 

F 

G 

II 

A 


O.I7S 

0.205 

f 

I 


1 

A 

I 


2 


i 

t 

0.203 

0.234 

f 

I 



\ 

I 

A 

2 


A 

H 

0.288 

0.325 

! 

I 




I 

tV 

2 


t 

I 

0.317 

0.356 

i 

I 



1 

I 

A 

2 


n 

A 

0.373 

0.416 

i 

I 



i 

I 

A 

2 



t 

0.430 

0.477 

I 

I 



\ 

I 

A 

2 


A 

iV 

0.486 

0.537 

1 

I 



[i 

I 

A 

2 


1 

1 

0.543 

0.598 

1 

I 



t 

I 

A 

2 



it 

0.590 

0.658 

1 

I 




I 

A 

2 



i 

0.656 

0.719 

i/j 

i| 


i 


i 

A 

2 


H 


0.713 

0.779 

lA 

I 


1-1 


i 

A 

2 



i 

0.770 

0.840 

i/a 

I 


li 

r 

1 

A 

2 


« 

it 

0.826 

0.900 

I A 

I 


ii 


\ 

A 

2j 


I 

r 

0.883 

0.961 


I 

1 

li 


t 

A 

2 


I A 


0.945 

1.023 

I A 

I 

t 

I j 


t 

A 

2 


It 


1.008 

1.086 

I A 

I 

1 

li 


t 

A 

2 


I* 

I A 

1.070 

r. 148 

I A 

1 ] 

f 

I j 


t 

A 

2 


I i 

It 

1.133 

1.211 

lA 


[ 



t 

A 

2 


Tolerances (all 

f +0.005 




+ 0.005 





+ 0.000 

sizes). 

\ — 0.005 



'.'.! 

— 0.00'; 

... 



— 0.062 






_! 

1 

■ ■ '1 

_ 

_ 

_ 


U. S, Navy Bushings for Punches 

(Dimensions in Inches) 



Dimensions 

Tolerances 

Plus 

Minus 

i 

0.757 

0.005 

0.000 

B 

1.010 

0.010 

0.000 

c ! 

1.2ig 

0.005 

0.005 

D 

1-375 

0.005 

0.005 

E \ 

0.125 

M 

6 

0.000 
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Table 17.—U. S. Navy Coupling Nuts for Puncues 
(Dimensions in Inches) 



1 A 


B 

Coupling 





Nut No. 

Minimum 

Maximum 

Minimum 

Maximum 

I 

1.230 

1.240 

0.87s 

1.000 

2 

1-570 

1 I.5S0 

0.875 

1.000 


Note. —No. r coupling nuts are for use in connection with punches 
up to and including inches in diameter; No. 2 nuts are for 
punches ij inches in diameter. 


Pressure Required for Shearing or Punching 

Total l engrth of cut in inche s X tensile strength of material in tons 
Thickness of metal in parts of inches 


Example. —Total length of cut = 20 inches. Tensile strength, 
30 tons; thickness, | inch; 20 X 30 == 600 — 4 = 15c tons. Or 
tensile strength -v- thickness X length of cut gives same result. 


Power Required for Punching and Shearing 

Experiments tend to show that, with steel plates of 60,000 pounds 
tensile strength, the metal is all sheared when the punch has passed 
one-half through the plate. The following formula by L. R. Pome¬ 
roy takes this into account and also allows the motor an efficiency 
of 80 per cent and the punching machine 75 per cent. 

When T — full thickness of plate. 

D ^ diameter of hole punched. 

N = number of holes punched per minute. 

P = horse-power required to drive machine. 

X D X A 
3.78 
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Taking a i-inch hole in a J-inch plate, the power required to 
punch 30 per minute would be 

i X i X 30 3.75 , ^ - 

* -- - = —or about I horse-power. 

3-78 3 - 7 » 

Pressure required for shearing = length of cut X thickness in 
inches X shearing strength of material. Dies with “shear” reduce 
this one-third to one-half. 

Table 17a.—T ons Pressure Required to Punch Mild Steel 

Plate 

Shearing Strength of 50,000 Pounds per Square Inch 


Thickness of Metal Hole Diameter, in Inches 


Gauge 

Inches 

1 

i 

i 

i 

1 

3 


I 

20 

0.036 

0.35 

0.71 

I. I 

1.4 

1.8 

..r 

2.5 

2.8 

18 

0.048 

0.47 

0.94 

1.4 

1.9 

2.4 

2.8 

33 

3S 

16 

0.060 

0.59 

I . 2 

1.8 

2.4 

2.9 

3-5 

41 

4-7 

14 

0.075 

0.74 

1-5 

2.2 

2.9 

3-7 

4-4 

5-2 

5-9 

12 

0. 105 

I .0 

2 . I 

31 

4.1 

5-2 

6.2 

7.2 

8-3 

II 

0.120 

I , 2 

2.4 

35 

4-7 

5-9 

71 

8-3 

9.4 

10 

0135 


2.7 

4.0 

5-3 

6.6 

8.0 

9-3 

10.6 

-A in. 

0.187 


3-7 

5-5 


9.2 

II. I 

12.9 

14.8 

i in. 

0.250 


4.9 

7-4 

9.8 

12.3 

14.8 

17.2 

19-7 

f in. 

0.375 



II. 1 

14.8 

18.5 

i 22.1 

25.8 

295 

i in. 

0.500 




19.7 

24.6 

29 s 

34-4 

39-4 

I in. 

0.625 





30.8 

36.91 

43 0 

49.2 

fin. 

0.750 






44 - 3 ' 

51-7 

590 


To obtain the total pressure required for one-level punching, 
multiply the pressure shown in the chart by the number of holes to 
be punched. The resultant tonnage should not exceed approxi¬ 
mately two thirds the rated capacity of the brake for smooth oper¬ 
ation. If punches are stepped one-half of the metal thickness or 
more, the total pressure will be reduced as follows: 

Punches on two levels, divide by 2. 

Punches on three levels, divide by 3. 

Punches on four levels, divide by 4. 

A simple rule is; Multiply the length of the cut by the tensile 
strength of the material, in tons. This gives the pressure required 
to punch a i-inch plate. Divide by the thickness of the plate in 
inches for pressure necessary, that is, if plate is J inch thick divide 
by 8; if 3^ inch thick, divide by 16, etc. 

Strength of Punch-Press Shaft and Housing 

A similar rule for the strength of a crankshaft of not over 4-inch 
throw is; Squaie the diameter of the shaft and multiply by 3^. 
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By this rule, a s-inch shaft with a throw not over 4 inches withstood 
a pressure of 5 X 5 X 3i = 87^ tons. 

In designing the housing, allow i square inch of area for each ton of 
pressure and make the housing 25 per cent stronger than the shaft. 

These figures are for determining whether presses are strong 
enough for the work, rather than for designing. 

APPROXIMATE PRESSURE IN POUNDS REQUIRED 
FOR PUNCHING AND SHEARING DIFFERENT 
THICKNESSES OF STEEL AND BRASS PLATE 


Table 18.—Punching Pressure 


Number of Gauge 
U. S. Standard Plate 

Figured for i 

: Inch Diameter Hole Without 
Shear on Dies^ 

Steel, Pounds 

High Carbon 
Steel 

Brass, Pounds 

20 

5-890 

8,835 

4,123 

18 

7.854 

11,781 

5,498 

16 

9,817 

14,726 

6,872 

13 

14,765 

22,148 

10,335 

II 

19,635 

29,452 

13,744 

A 

29,452 

44,178 

20,616 

i 

39,270 

58,905 

27.489 

A 

49,087 

73,631 

34,361 

1 

58,905 

88,357 

41,233 

A 

68,722 

103,080 

48,104 

1 

78,540 

117,810 

54,978 

i 

98,175 

147,262 

68,722 

3 

i 

117,810 

176,715 

82,467 

i 

137,445 

206,167 

96,211 

I 

157,080 

235,620 

109,956 


^ Other diameters in proportion. 
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Table 19.—Approximate Pressures in Pounds for Punching 
Brass and Steel; for i-Inch Diameter of Hole 

Shearing Strength of Brass per Sq. In. 

= 35,000 Lb. 

Gage, U. S. Standard Plate Shearing Strength of^Steel per Sq. In. 

Shearing Strength of High-carbon Steel per 
Sq. In. = 75,000 Lb. 


No. 

Thickness 

Brass 

Steel 

High-carbon 

Steel 

28 

.015625 

1,718 

2,454 

3,681 

27 

.0171875 

1,870 

2,790 

3,928 

26 

.01875 

2,067 

2,940 

4,395 

25 

.021875 

2,408 

3,422 

5,168 

24 

.025 

2,749 

3,927 

5,890 

23 

.028125 

3,080 

4,396 

6,640 

22 

.03125 

3,440 

4,914 

7,316 

21 

•034S7S 

3.781 

5,385 

8,024 

20 

•0375 

4,123 

5,890 

8,835 

19 

•04375 

4,816 

6,876 

10,484 

18 

•05 

5,498 

7,854 

11,781 

17 

.05625 

6,190 

8,940 

13,236 

16 

.0625 

6,872 

9,817 

14,726 

15 

.0703125 

7,696 

10,990 

16,520 

14 

.078125 

8,597 

12,246 

18,408 

^3 

•09375 

10,335 

14,765 

22,148 

12 

•109375 

11,985 

17,110 

25,721 

II 

.125 

13,744 

19,635 

29,452 

10 

.140625 

15,505 

22,135 

33,040 

9 

.15^^25 

17,150 

24,540 

36,810 

8 

.171875 

18,912 

27,900 

39,280 

7 

•1875 

20,672 

29,400 

43,950 

6 

.203125 

22,321 

31,870 

47,900 

5 

.21875 

24,080 

34,220 

51,680 

4 

•234375 

25,729 

36,700 

55,224 

3 

2 

I 

.250 

27,490 

39,270 

58,900 


Rule.—M ultiply thickness of stock by length by shearing 
Strength of material. 
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Table 20.— Approximate Pressure in Pounds for Shearing 
Brass and Steel for i-Incii Length of Cut 
Shearing strength of brass per sq. in. = 35,000 lb. 

Shearing strength of steel per sq. in. = 50,000 lb. 

Shearing strength of high-carbon steel per sq. in. = 75,000 lb. 


Gage, U. S. 

Standard Plate 

Pounds Pressure 

No. 

Thickness 

Brass 

Steel 

High-carbon 
Steel 

28 

.015625 

54 <^ 

780 

1,170 

27 

.0171875 

595 

850 

1,275 

26 

.01875 

615 

940 

1,400 

25 

.021875 

770 

1,090 

1,63s 

24 

.025 

87s 

1,250 

1,87s 

23 

.028125 

980 

1,405 

2,100 

22 

■03125 

1,085 

1,560 

2,340 

21 

■03437s 

1,190 

1,71s 

2 , 55 ° 

20 

•0375 

1,312 

1,87s 

2,812 

19 

•04375 

1,540 

2,185 

00 

0 

18 

•OS 

1,750 

2,500 

3,750 

17 

.05625 

1,960 

2,810 

4,200 

16 

.0625 

2,187 

3,125 

4,687 

15 

.0703125 

2,480 

3,513 

5,250 

14 

.078125 

2,710 

3,905 

5,850 

13 

•09375 

3,290 

4,700 

7,050 

12 

•109375 

3,815 

5,465 

8,200 

II 

•125 

4,375 

6,250 

9,375 

10 

.140625 

4,935 

7,030 

10,500 

9 

. 15^525 

5,460 

7,810 

11,700 

8 

.171875 

6,020 1 

8,598 

12,900 

7 

.1875 

6,562 1 

9,375 

14,062 

6 

.203125 

7,075 

lo.xss 

15,225 

5 

.21875 

7,667 

10,935 

16,425 

4 

.234375 

8,190 

11,715 

17,550 

3 

2 

I 

. 250 

8,750 

12,500 

18,750 


Rule. —Multiply thickness of stock by length by shearing 
strength of material. 
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Table 21.—Penetration Table 
(Table showing to what extent in shearing or punching operations 
soft steel has to be penetrated by the knives or punches to effect 
complete severance of the material.) 


Thickness, inches. 

I 

i 

i 

i 

i 

A 

Percentage . 

0.25 

0.31 

0‘34 

0.37 

0.44 

0.47 

Thickness, inches. 

i 

A 

i 

A 

A 

Ar 

Percentage. 

0.50 

0.56 

0.62 

0.67 

0-75 

0.87 


The percentage of other metals depends on their hardness. 


Table 22.—Shearing Table 


Number of Gauge 
U. S. Standard Plate 

Pressure Figured for i Inch Length without 
Shear on Dies 

Steel, Pounds 

High Carbon 
Steel 

Brass, Pounds 

20 

1,87s 

2,812 

1,312 

18 

2,500 

3,750 

1,750 

16 

3 ,i 2 S 

4,687 

2,187 

13 

4,700 

7,050 

3,290 

II 

6,250 

9,375 

4,375 

A 

9,37S 

14,062 

6,562 

i 

12,500 

18,750 

8,73° 

A 

15,625 

23,437 

10,937 

1 

18,750 

28,125 

13,125 

A 

21,875 

32,812 

15,312 

1 

25,000 

37,500 

17,500 

1 

31,250 

46,875 

21,875 

i 

37,500 

56,250 

26,250 

i 

43,750 

65,625 

30,625 

I 

50,000 

75,000 

35,000 


Formula: Length X thickness X shearing strength of material =» pounds 
of pressure required. 


Formula: Length X thickness X shearing strength of material =» pounds 
of pressure required. 

Pounds 

Shearing strength per square inch of steel. 50,000 

Shearing strength per square inch of high carbon steel. 75,000 

Shearing strength per square inch of brass. 35 >000 


Since most tools are sheared, the above pressure can be taken at 
one-half as given in table up to J-inch thickness in stock. Beyond 
i inch, up to i inch, not less than two-thirds of the above given 
pressures should be taken for safe figuring on suitable press. 
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Table 23.—Average Ultimate Strength of Materials 
Pounds per Square Inch 


Material 

Shear 

Corn- 

Tension 



pression 


Aluminum, cast. 

12,000 

12,000 

15,000 

Soft sheet. 

15,000 


15,000 

Half hard sheet. 

19,000 

60,000 

19,000 

Hard sheet. 

25,000 


28,000 

Asbestos millboard. 

3,800 



Brass, cast. 

36,000 

30,000 

30,000 

Drawing, soft sheet. 

30,000 


47,000 

Half hard sheet. 

35 >000 


60,000 

Hard sheet. 

40,000 


85,000 

Bronze, gun metal. 


20,000 

40,000 

Phosphor, soft sheet. 

40,000 


45,000 

Manganese. 


120,000 

70,000 

Copper, cast. 

25,000 

40,000 

24,000 

Rolled. 

28,000 

60,000 

37,000 

Wire, annealed. 



36,000 

Wire, unannealed. 



60,000 

Dow-m’etal, cast. 

18,000 

44,000 

1 24,000 

Duralumin, soft sheet. 

30,000 

; 50,000 

35^000 

Treated. 


60,000 

SS^ooo 

Treated and cold rolled 

40,000 

75,000 

75,000 

Fibre, hard. 

24,000 



German silver, half hard. 

32,000 



Iron, cast. 

25,000 

90,000 

22,000 

Iron cast (2 per cent nickel) . 

50,000 

150,000 

50,000 

Iron (25 per cent steel). 

30,000 

90,000 

30,000 

Iron, wrought. 

40,000 

46,000 

50,000 

Iron wire, annealed. 



45,000 

Iron wire, unannealed. 



80,000 

Lead. 

4,000 


3,000 

Leather, chrome. 

7,000 


10,000 

Oak. 

7,000 


4,000 

Rawhide. 

13,000 



Monel metal, cast. :.... 

60,000 


75,000 

Rolled. 

65,000 

90,000 

95,000 

Nicro copper. 

30,000 


37,000 

Paper, hollow die. 

3,000 



Flat punch. 

8,500 



Bristol board, flat punch.,. 

4,800 



Strawboard, flat punch .... 

3,500 



Silver... '. 

30,000 


38,000 

Steel, casting. 

60,000 

65,000 

70,000 

Boiler plate. 

60,000 

70,000 

70,000 

Cold drawn rod. 

58,000 


65,000 
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Table 23.—Average Ultimate Strength or Materials.— 
Continued 

Pounds per Square Inch 


Material 


Shear 


Com¬ 

pression 


Tension 


Drill rod, not tempered. 

Nickel (about 3I per cent). . 
Plow. 

80,000 

70,000 

Silicon. 

65,000 

70,000 

45,000 

SSyOOO 

70,000 

80,000 

Stainless. 

o.io carbon (soft). 

0.25 carbon (mild). 

0.50 carbon. 

0.75 carbon. 

1.00 carbon. 

85,000 

1.20 carbon tool steel 
annealed. 

95,000 

190,000 

1.20 carbon tool steel 
tempered. 


Wire, annealed. 

Wire, unanncaled. 

Wire, crucible. 

Wire, suspension bridge. 

Wire, piano. 

Tin, cast. 

Sheet. 

Zinc, sand cast. 

Die cast. 

Rolled. 


5,000 

14,000 

16,000 

18,000 


60,000 

65,000 


6,000 

6,500 

20,000 


130,000 

85,000 

270,000 

65,000 

95,000 

60,000 

70,000 

95,000 

115,000 

130,000 

150,000 

250,000 

80,000 

120,000 

180,000 

200,000 

300,000 

3,500 

5,000 

9,000 

15,000 

24,000 


In Fig. 28, page 627, is a diagram that makes it easy to estimate 
the pressure necessary to pierce diherent metals. 

INFLUENCE OF STOCK WIDTH ON SCRAP 

The waste of stock in punch-press work—always an important 
percentage of the original stock—will vary according to the location 
of the blank in relation to the edge of the strip of material and 
oftentimes also in respect to the number of blanks across the 
width of the metal. 

The simplest form of blank, a circular piece, leaves considerable 
scrap when the strip of metal is wide enough for only one blank. 
An example is seen in Fig. 29, where a i-inch blank is shown 
in three different widths of material, the waste scrap with the 
narrow strip amounts to more than 33 per cent of the total 
area in which the blank is enclosed. By doubling up, as shown, 
the scrap is reduced to something like 28 per cent, and, if still wider 
stock is used for three rows of blanks, the scrap is reduced still 
further or to about 22 per cent. 
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With irregular shapes, even with close nesting of the blanks in 
the strip, the waste is apt to be quite conspicuous. A typical case 
is that in Fig. 30 where two blanks are reversed end to end and 
interlocked as closely as feasible. In this instance the actual 
material in the blank is only one-half of the area used in producing 



Fig. 28. —Pressure Required for Punching 


these blanks. Fifty per cent of the stock comes out in scrap. 
The salvage value of brass absorbs some of the original cost of the 
metal represented by the scrap, though this seldom amounts to 
much more per pound than one-third of the price of the new 
material. 


RATE OF PRODUCTION 

If blanks are medium length, they should be placed crosswise 
of the strip of stock or, if longer, should be at an angle, thus using 
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narrower stock. Usually, the narrow blank permits of rapid hand 
feed. Usual runs in general specialty shops are hand fed. 

Say the press flywheel runs at 120 to 125 revolutions per minute. 
On small work, the operation on simple blanking will keep up closely 
to regular speed of press. But time is lost in starting in a new length 
of stock, etc. 

Tests of a number of special shapes indicate that an average 
of 60 to 65 blanks per minute is 3,000 to 4,000 blanks per hour. 



Fig. 29 


1 




Tj 

1 

' 1 



1 Area of Blank ® 0.532 sq . in . 

’ Arcaof 2 Blanks = 1.064 in.^ 

> Area of Shck ibr 2 Blanks * ^ 1 ^ ~ 2 . l47sqjn . 

1 Scrap - 2 . 147 - 1 . 064 = 1 . 083 = 50 % 




1 ' 



Fig. 30 

Figs. 29 and 30.—Locating Work on Strip Stock 


This is a normal rate of production on small sample work with hand 
feed. 

Second operations, with such as trimming, shaving, or some jobs 
of piercing, forming, and the like, are usually considerably slower 
than simple blanking for the reason that the pieces are hand-fed 
into a nest or other locating device, instead of being run from the 
strip of stock. A fair average on such work will range from 25 to 
30 or 35 pieces per minute if close nesting is not necessary. 

Some shops apply simple chutes or slides for guiding blanks 
into the dies for second-operation runs; this acts to increase speed 
somewhat and particularly to safeguard the process of feeding. 

Where gang dies (multiple dies) are used for blanking two or 
more pieces at once, they speed up production proportionately. 
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Some shops do not recommend going to additional expense for 
such tools unless press runs are to exceed 200,000 or 250,000 blanks. 
The argument is that, for smaller lots than this, the extra cost 
of the tools is not justified. This is especially the case where the 
ultimate amount of work to be run is indefinite because of desirable 
changes in design or a fluctuation in the market for the product. 
Therefore, the design of the dies should be based upon the amount 
of work they are likely to be required to run before being discarded. 

Second operations in drawing cups, formulas, etc., are necessarily 
slower than usual second runs as it takes longer to place and remove 
the cup. Cups 2 by 2J inches, for example, can, on the average, be 
drawn up at 12 to 15 per minute depending on the method used in 
locating the blank and ejecting the drawn piece. 

LUBRICANT FOR PRESS TOOLS 

Although there are some shops where no lubricant is used when 
working sheet metal and where good results are obtained, still 
it is best to use a lubricant on all classes of sheet-metal work. 

For all cutting of dies on brass and steel, a heavy animal oil is best. 
Pure lard oil is very satisfactory, although expensive. 

When punching copper or German silver, a thin coating of lard 
oil or sperm oil should be spread over the sheets or strips before 
punching. A good way to do this evenly is to coat one sheet thickly 
and then feed it through a pair of rolls, after which a number of 
other sheets may be run through the rolls and thus coated evenly. 
For drawn work this method of coating the sheets from which the 
shells are to be drawn will be found to be the best, as the coating of 
oil on the stock will be very thin and it will not be found necessary 
to clean the shells afterward, the oil having disappeared during the 
blanking and drawing process. When oil is applied with a pad or 
brush, the coating will be so thick that it will be necessary to clean 
the article produced. 

Lubricant for Drawing Steel Shells 

In drawing steel shells, a mixture of equal parts of oil and black 
lead is very useful, and, although it may be used warm, it does not 
affect the work as much as the speed of the drawing press does; the 
thicker the stock, the slower must be the speed of the punch. A 
heavy grease with a small proportion of white lead mixed in with it 
is also recommended for this purpose. 

If the drawing die is very smooth and hard at the corner of the 
“draw,” or edge of the die, the liability of clogging will be reduced 
to a minimum. Often it will help to give to the die a lateral polish 
by taking a strip of emery cloth and changing the grain of the polish 
from circular to the same direction as the drawing. 

Lubricants for Brass 

For drawing brass or copper, a clean soap water is considered most 
satisfactory. One of the largest brass firms in this country uses a 
pieparation made by putting 15 pounds of Fuller’s soap in a barrel 
of hot water and boiling until all the lumps are dissolved. This 
is used as hot as possible. If the work is allowed to lie in the 
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water until a slime has formed on the shell it will draw all the 
better. A soap that is strong in resin or potash will not give good 
results. 

In drawing zinc, the water should be hot, or the percentage of 
broken shells will be large. 

Aluminum is an easy metal to draw, but it hardens up very 
quickly. For lubricants, lard oil, melted Russian tallow, and vase¬ 
line are all good. The lubricant should be applied to both sides 
of the metal. 


Lubrication for Hot Dies 

The life of hot dies, for either hot pressing or die casting, is 
directly affected by the lubricant used. Numerous experiments 
indicate that 80 per cent mutton tallow and 20 per cent medium 
mineral lubricating oil give best results. Mixed at 150°!’. and 
allowed to cool, it is about the consistency of soft soap and is applied 
with a swab. It works well on either die-casting or hot-pressing 
dies but lasts only about 10 per cent as long in the die-casting dies. 
Dies without lubricant lasted only 2 per cent as long as lubricated 
dies. 


DEEP DRAWING MONEL METAL AND NICKEL 

Practically the same rules as apply to steel in the reduction of 
diameter and depth of draw from initial blank govern monel or 
nickel, (Reduction here means diameter reduction, not area.) A 
well-balanced series of reductions on a double-action press (with 
pressure ring) would be 30 to 35 per cent on first operation, and 
20 to 25 per cent on redraws. Single-action operation (without 
pressure ring) redraws from cup not over 20 per cent reduction. 
With very slight diameter reduction (less than 5 per cent) up to 
30 per cent reduction in wall thickness may be obtained. 

Dies. —Cast iron, heat-treated nickel-chrome cast iron, hardened steel 
chrome-plated, hard aluminum-bronze insert rings are satisfactory materials 
for dies. For very small work, tungsten-carbide steel dies are recommended. 
Carbon steel dies are not suitable. 

Clearance. —Usually greater than for steel. Twenty-five per cent of 
thickness of metal is ample, and yet not excessive. 

Radii. —Draw ring and punch nose are comparatively larger than those 
used for steel, six to ten times thickness of metal. 

Lubrication. —Necessary and important. Lubricant should be free from 
sulphur or lead, otherwise any good lubricant would serve for light draws, 
Lubricant should be removed from metal before annealing. Best to deter¬ 
mine where annealing is necessary by experiment before starting production 
depends on number of operations and work to be done after last draw, 
Network of small cracks indicates exhausted ductility. Annealing should 
be done before this occurs. When hardness of 35 to 40 Shore is reached, 
annealing is necessary before further work. Hardness is greatest near 
cupped edge. 

Punching. —Punches are designed about 75 per cent stronger than for 
ordinary steel practice, with same clearance angle used for steel. Edges of 
holes are left considerably hardened. 

BENDING SHEET STEEL 
Allowances for 90-Degree Bends^ 

Considerable time can be saved in laying out sheet-metal parts 
with 90-degree bends by employing the tables presented. Location 

» Alf J. Abrahamsen, chief draftsman, Snead & Company. 
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of the bend lines will be found accurate and much tiresome arith¬ 
metical computation can be avoided. 

Experience has shown that the neutral plane of a formed metal 
part (for gages of No. 10 to 24, inclusive) lies 20 per cent of the thick¬ 
ness from the inside face and 80 per cent of the thickness from the 
outside face. Dash lines in Figs. 31 and 32 represent the neutral 
planes of square and reverse bends. Since the neutral plane is one 
where no stretching of the metal takes place, it is obvious that the 
length of the formed part along the neutral plane will be the correct 
length, or cutting size, of the sheet. 

It is an easy matter to compute the distance of the neutral plane 
from either side of the sheet. Similar computations can be made 
for each gage in common use. Finally, deductions or allowances 
for square bends or reverse bends, either singly or together, can be 
computed and placed in tables for ready reference. 

Square Bends.—When the dimensions are given on the outside 
of a 90-degree form, the bend is considered square (see Fig. 31). 

Reverse Bends.—When the dimensions are given on the inside of 
a 90-degree form, the bend is considered reverse (see Fig. 32). 

Folds.—A fold, such as shown in Fig. 33, requires no deduction 
or allowance. 


Sample Calculations 

To show how the tables arc computed, consider two square bends, 
Fig. 31, in 16-gage sheet. The lengths of the three sides along the 
neutral axes are: 

2 — 2 X 0.05 = 1.90 
I — 0.05 = 0.95 

I — 0.05 = 0.95 

3.80 

Correct cutting length of the sheet is 3.80 inches, not 4 inches. 
The deduction to be made from the sum of the dimensions (which 
must all be on one side of the sheet) is 0.20 inch. This amount 
checks with that given in Table 24, for two square bends in 16-gage 
material. 

Calculation of the cutting length for a part with reverse bends 
will show that material must be added to compensate for the bends. 
From Fig. 32 the lengths of the sides along the neutral plane are: 

2 -f- 2 X 0.0125 = 2.0250 
I + 0.0125 = 1.0125 

I + 0,0125 “ 1.0125 

4.0500 

The amount to be added to the dimensions of the piece in order 
to get the correct cutting length is 0.05 inch. This value checks 
with the table for the allowance to be added when considering two 
reverse bends in 16-gage material. A blank layout, not to scale, 

is given for Figs. 31 and 32 to show the location of the bend lines. 

Other features of Table 24 are a column of fractions and decimal 
equivalents and a column of the weights of sheet steel per square 
foot in gages Nos. 10 to 24 inclusive. 
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Square and Reverse Bends 

Tables of deductions or allowances for combinations of square 
and reverse bends, Fig. 34, are given in Table 25. These tables 
are also based on gages Nos. 10 to 24, inclusive. They are 
set up to give the answer directly for combinations of from one 
square bend and one reverse bend to eight square bends and six 
reverse bends, thus taking in practically every case that will come 
up. In addition, values are given for the condition of no square 
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Figs. 31 to 34.—Square Bends in Sheet Steel 
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bend and one reverse bend, and vice versa. The zeros in the head¬ 
ings indicate the absence of one or the other kind of bend. 

In the third horizontal row of figures in the headings, one will see 
a tabulation of constants. These can be used to find the allowance 
or deduction when the gage is not United States Standard. The 
actual thickness of the metal is multiplied by the constant to get the 
figure directly. 

The figures given in Table 25 are actually the algebraic sum of the 
allowances or deductions for the individual bends. In some cases 
the result is positive and is indicated by a plus sign, meaning that 
this amount must be added to the dimensions on the piece. Where 
no plus sign is given, the figure must be deducted from the sum of 
the dimensions. 


Bend Radii for Steel Tubing^ 

Mandrel Bends 

There are two types of bends; the mandrel bend and a bend made 
without a mandrel. The equipment used for making a mandrel 
bend consists of a machine to which are attached a bending die and 
mandrel holder and the necessary jaws and clamps to grip the tube 
while being bent. The tube is pushed over the mandrel, or the 
mandrel is inserted into the tube mechanically. The better grade 
of bends is made by this process, but as the tools are expensive and 
the operations slow, their cost is somewhat high. Mandrel bends 
are used only when the metal must be kept smooth. The reduction 
in diameter in the vertical plane is very slight, and the bend is free 

' The Formed Steel Tube Institute. 







Table 24.—Square and Reverse Bends 

To determine cutting size of sheet steel; (i) add all the dimensions which must be on one side of sheet; (2) then deduct fc 
square bends or add for reverse bends the dimension in the table which corresponds to the number of bends, ^e Figs. 31 and 32. 
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Table 25.—Square and Reverse Bends.— Continued 

To determine cutting size of sheet steel: (i) add all the dimensions which must be on one side of sheet; (2) then deduct the 
dimension in the table which corresponds to the allowance for the combination of the square bends and reverse bends under 
consideration. See Fig. 34. 
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Table 25.—Square and Revt:rse Bends.— Continued 
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from wrinkles. In the light gages and for small radii, it is difficult 
to make bends of this type that are wholly free from wrinkle 
“shadows” so the radii of Table 26 should be used whenever 
possible. 


Table 26.—Minimum Radii for Mandrel Bends 


O.D. 

B.W. 

Gage 

Minimum Radius, 
in Inches 

i to J 

16 

li X O.D. 

i to 1 

18 

2 X O.D. 

i to 1 

20 

2§ X O.D. 

I to 2} 

14 

li X O.D. 

I to 2J 

16 

2 X O.D. 

I to 2I 

[8 

2i X O.D. 

I to 2\ 

20 

3 X O.D. 

2i to 3i 

14 

2 X O.D. 

2i to 3i 

16 

X O.D. 

2i to 3i 

18 ' 

3 X O.D. 

2j 

20 

3i X O.D. 

3i to 4 

14 

3i X O.D. 

3i to 4 

16 

4 X O.D. 

3 i 

18 

4l X O.D. 


Reduction in diameter of the vertical plane 120 per cent of the gage— 
maximum. 


Distance between bends 

Bends in same plane. i|X O.D. 

Bends in different plane. 2I X O.D. 


Distance between bends is defined as that distance between center point 
of radii plus the sum of the radii. 

Distance of bends from end of tube: 

In order to maintain true diameter of tube at the end, the center point of 
the bend must be located twice the diameter from the end plus the radius. 

Sized ends: Ends can be sized when tolerances are closer than the tolerance 
for flash in giade of straight tube involved. 


Bending without a Mandrel 

There are numerous methods of making a bend without a 
mandrel, but the results are similar. The tools required are 
inexpensive and can be used over a wide range of angles, and the 
operation is rapid. In making a bend without a mandrel the dies 
must be somewhat smaller than the tube in order to support the 
metal, and to keep it from wrinkling. There is a reduction in 
diameter in the vertical plane, but the tube is free from wrinkles. ^ 
Although it may be possible to produce bends of smallef radii 
than tabulated in Table 27 and with radii closer together and other 
features, the bends become more costly to produce. 
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Table 27.—Minimum Radii for Bends without Mandrel 


Diameter, in Inches 

B.W. 

Gage 

Minimum Radius, 
in Inches 

3 

4 . 

14 

2.0682 


16 

2.1244 


20 

2.2175 

I 

14 

2.8436 


16 

2.8998 


18 

2-9495 


20 

2.9928 


14 

4.3942 


16 

4 4505 


18 

4.5002 


20 

4-5435 

2 

14 

5-9449 


16 

6.0012 


18 

6.0509 


20 

6.0942 

2 \ 

14 

7-4956 


16 

7-5519 


18 

7.6016 


20 

7 - 6449 

3 

14 

9.0463 


16 

9.1026 


18 

9-1523 


20 

9.1956 


Reduction in diameter of the vertical plane, 12 i per cent of the outside 
diameter. 


Distance between Bends 


Bonds in same plane. i X O.D. 

Bends in different plane. 3 X O.D. 


Other data on distance between bends and on tools are the same as for 
Table 26. 

The minimum radius will be determined by the following formula: 

_ o.24687r(Z)2 — d^) 

g 

where L — center-line radius. 

D = outside diameter. 
d — inside diameter. 
g = gage. 

Bending Thin-Walled Tube 

Thin-walled tubes can be bent without kinking if they are filled 
with a suitable material. Tar, pitch, and resin have been used, but 
it is not always easy to remove the material which must be heated. 
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Although it can usually be melted out, it is apt to leave a thin 
film inside which may interfere with the use of the tube. 

Fine sand is sometimes used, but it is more satisfactory where 
the wall of the tube is fairly heavy since it is very hard to fill the 
tube tight enough or to hold the sand during the bend and small 
kinks are apt to be formed during the bending. 

Walter C. Smith, metallurgist of the Cerro de Pasco Copper 
Corporation, advises the use of Wood’s metal for this purpose. 
This metal is made of 50 parts of bismuth, 24 of lead, 14 of tin, and 
12 of cadmium, and melts at about i6o°F., or less than the heat of 
boiling water. It can be bought in lo-pound ingots. 

The tube to be bent is closed at one end by a cork and warmed 
with a blow torch or boiling water or steam and the melted metal is 
poured in. When cool it is bent as desired and the metal then 
removed by heating in steam or hot water. It should not be over¬ 
heated as it may tin the inside of the tube. The alloy may be used 
repeatedly unless it is overheated, when it forms a dross and gives 
the alloy higher melting point. 

Handy Sheet-Metal Tables 

As the sheet-metal worker is often required to construct cans and 
tanks that will hold a given quantity, the following tables will be 
helpful: 

Sheet-Metal Cans and Tanks 


1 

Gallons 

Diameter, 
in Inches 

Height, 
in Inches 

Gallons 

Diameter, 
in Inches 

Height, 
in Inches 

I 


61 

50 

20* 

35 

2 

8} 

81 

55 

2 li 

36 

3 

9 

iij 

60 

22 

37 

5 

lOj 

131 

6 S 

22 * 

38 

6 

I 

13* 

70 

23 

40 

8 

131 

13* 

75 

23* 

40 

10 

13J 

16* 

80 

24* 

40 

IS 

IS* 

19 

85 

25 

40 

20 

I7i 

19* 

90 

24 * 

45 

20 

16 

23 

95 

25 

45 

25 


23 

100 

26 

45 

30 

1 i84 

26* 

125 

27* 

50 

35 

18* 

30* 

ISO 

29 

52* 

40 

18J 

34 

175 

30 

57* 

45 

19* 

35 

200 

301 

64 


Measuring-Cup Dimensions 


Size 

Diameter, 
in Inches 

Height, 
in Inches 


aiV 

2i 

3 

2 W 

f pint. 

2 

3 


I pint. 


I quart. 

3 A 

3 

5 


Drinking cup. 

2 


Drinking cup. 

3l 

2 ‘ 
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Dim-ENsions of Flaring Measures 
This schedule is one that is commonly used by sheet-metal 
workers in commercial shops. 


J pint. 

I pint. 

I pint. 

I quart. 

i gallon. . . . 

1 gallon.... 

2 gallon. . . . 

3 gallon.... 

4 gallon. . . . 

5 gallon.... 


Size 


Top 

Diameter, 
in Inches 


2 A 
2H 

s 

6i 

8 

8i 

9 i 


Bottom 
Diameter, 
in Inches 


Height, 
in Inches 


2l 

2j 


3 



loi 
11 
12J 


2i 

4 A 

5 A 
7 i 

8 i 

9 i 

lOi 

I2A 
12 A 


Flaring-Pan Dimensions 

These standard sizes and dimensions of flaring pans may be con¬ 
structed with the least waste of material. 


Size 

Diameter 
of Top, 
in Inches 

Diameter 
of Bottom, 
in Inches 

! 

Height, 
in Inches 

I pint. 

5 i 

4 

21 

I quart . . 

6 i 

4 J 

2 { 

3 pint. 

81 

6 i 

2I 

2 quart . 

8 i 

61 

3 i 

6 quart. . 


9 

4 

10 quart. 

14 I 

9 i 

4 i 


Conductor Pipe Dimensions 

Dimensions for cutting sheet for sizes of plain pipe that are most 
common in use; ^ inch has been allowed for lock seam. 


Round 


Pipe size, in inches. 


2 

zi 

3 

4 

Cut sheet, in inches... 

5 l 

7 

8i 

loi 

I 3 i 


Square 


Size 2 in inches. Dimensions, ij X 2^ inches Cut Sheet, inches 

Size 3 in inches. Dimensions, 2 X 3 inches Cut Sheet, lof inches 


BRIGHT COKE TINPLATE^ 

The base of this plate is best soft steel, either Bessemer or open-* 
hearth, made especially for tinplating purposes. The word coke is 
* A. M. Castle Company. 
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a trade term indicating finish. The trade has retained it from the 
time when high-grade tinplates were made from charcoal iron and 
lower grades from coke iron. Hence, plates with lighter coating 
are called coke tin. Bright coke tin is used for making furnace 
pipes, as well as cans or containers for fish, fruit, vegetables, etc. 


Size 

Sheets, in 
Inches 

Trade 
Term or 
Basis, 
Weight, 
in 

Pounds 

Nearest 
U. S. 
Standard 
Gage 

Symbol 

Sheets 

per 

Box 

Weight 

per 

Square 

Foot 

Weight 

Net 

per Box 

Gross 

20 X 26i 

90 

32 


II 2 

0.413 

170 

182 

20 X 28 

90 

32 


II 2 

0.413 

180 

192 

20 X 29§ 

90 

32 


I12 

0413 

189 

201 

24 X 28 

90 

32 


II 2 

0.413 

216 

228 

20 X 26J 

100 

30I 

I.C.L. 

II 2 

0-459 

189 

201 

20 X 28 

100 

3O2 

I.C.L. 

II 2 

0.459 

200 

212 

20 X 28 

107 

30 

I.C. 

II 2 

0.491 

214 

226 

20 X 32i 

107 

30 

I.C. 

II 2 

0.491 

248 

260 

20 X 39i 

107 

30 

I.C. 

56 

0.491 

I5I 

163 

24 X 28 

107 

30 

I.C. 

II 2 

0.491 

257 

269 

24 X 2gi 

107 

30 

I.C. 

II 2 

0.491 

271 

284 

24 X 32i 

107 

30 

I.C. 

56 

0.491 

150 

163 

24 X 39J 

107 

30 

I.C. 

56 

0.491 

i8i 

194 


BRIGHT CHARCOAL TINPLATE^ 

Bright charcoal tin is coated with pure tin and is used for making 
vessels for permanent use. It is in various weights of coating 
according to the purpose for which the material is to be used. Each 
additional X indicates approximately one gage heavier base metal, 
and each additional A an additional coating of tin. 


Size 

Sheets, 

Inches 

Trade 

Term 

Nearest 
U. S. 
Standard 
Gage 

Coating 

Sheets 

per 

Box 

Weight 

per 

Square 

Foot 

Weight 

Net 

per Box 

Gross 

20 X 28 

iX 

28 

2A 

II 2 

0.620 

258 

270 

20 X 28 

iX 

28 

3A 

II 2 

0.620 

258 

270 

20 X 28 

2X 

26§ 

3A 

56 

0.712 

144 

156 

20 X 28 

3X 

2Si 

3A 

56 

0.804 

186 

198 

20 X 28 

4X 

25 

3A 

56 

0.895 

203 

215 

20 X 28 

4X 

25 

5 A 

S6 

0.89s 

203 

215 


Temeplate is a kind of iron plate made by coating sheet iron with 
an alloy of tin and lead. 

To “terne” means to coat with an alloy of tin and lead, or to 
make with temeplate. 

1 A. M. Castle Company. 
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ALUMINUM ALLOYS 

In some cases the minimum bend radii for various aluminum 
alloys are not applicable to all methods of forming, and it is, there¬ 
fore, advisable to use a radius wherever possible that has a wider 
application, that is, for use on either the power brake, Hydro-Press 
or the punch press. Such radii are shown in Table 27a. 

Recent developments in the handling of ST material have made 
available smaller radii than those formerly used for some applica¬ 
tions, and the absolute minimum will depend on the design of the 
part and the method to be used in its fabrication. 

FERROUS ALLOYS 

X-4130 steel can be safely formed to the radii in Table 2yb. 


Table 2yb. —Desirable Cold Bend Radii for X-4130 
Normalized Steel 


Gage. 

0.025 

0 

_ 

0 

0 

0 

0.062 

0.078 

1 

0.093 

0.125 

0.156 

1 

0.187 

0.250 

Radii. 

A 

* 

A 

iV 


A ! 

1 

n 

A 



Note: Drawings of parts calling for minimum radii should specify that 
the bend must be normal to the direction of grain and that the edges of the 
parts must be burred. In some cases, it may be necessary to anneal normal¬ 
ized sheets before forming and when this occurs the drawings shall carry the 
note "Anneal before forming, normalize after forming.’’ 


Table 2 'jc. —Desirable Bend for Stainless Steel and Inconel 



PROPOSED STANDARD SIZES FOR AIRCRAFT TUBING 

Rapid increase in the number of sizes of steel aircraft tubing 
specified by designers since the start of the rearmament program 
has made it desirable to draw up a list of proposed standard sizes. 
The Army-Navy Aeronautical Design Standard, June, 1940, listed 
146 items, to 4-I inches outside diameter by 0.022 to 0.188 inch 
wall thickness. In 1942 the steel tubing industry was asked to 
make about 600 round sizes in X-4130 and over 200 round sizes in 
SAE 1025 material (see page 640^). 

John W. Offutt and David T. Marvel, National Tube Company, 
United States Steel Corporation subsidiary, state that a detailed 
study of orders received in that year by four manufacturers showed 
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requirements for 328 sizes, but of 33,000,000 feet of tubing involved, 
some 95 per cent was covered by 205 sizes. This list of sizes is 
tabulated in Table 27^?, and is submitted with the approval of the 
National Aircraft Standards Committee as a proposed working 
standard, which may be followed without hardship to either design 
or production. 

It is recognized that the aircraft manufacturer cannot adhere 
strictly to this list, but if he does so as much as possible the benefits 
will be better deliveries and lower prices. When 95 per cent of all 
orders are for standard sizes, consumers’ orders can be grouped, 
thus permitting long mill runs on individual sizes, and creating a 
stock reservoir that can be tapped in emergencies. Further, 
standardization of sizes permits stocking of finished tubing in both 
mill stocks and di'itributors’ warehouses when conditions of supply 
and demand permit. 

Another advantage to the consumer is that jigs and fixtures, as 
well as fittings, will be reduced in proportion to the number of tub¬ 
ing sizes. 

Special sizes will still be available, and where quantities are suffi¬ 
ciently large, there is no objection on the part of the tubing manu¬ 
facturer to accepting such orders. 

Aircraft tubing is a special grade of cold-drawn mechanical 
tubing. Structural tubing is specified in plain carbon (SAE-1025) 
and chrome-molybdenum (SAE X-4130) steel, the latter being 
used in practically all but the lighter trainer-type planes. Because 
of difficulties m securing ample supplies of X-4130 steel, chrome- 
nickel-molybdenum (NE-8630) steel is being used as an alternate 
material. Equipment and tools used in the whole range of regular 
mechanical tubing have been available for manufacture of aircraft 
tubing—that is, to 10J inches cutside diameter and wall thick¬ 

ness from 0.004 to if inch thick. Obviously, aircraft designers 
have not required this great range, and for the reasons cited above 
they should stick to the tabulated 205 sizes unless there are compell¬ 
ing reasons for a special size. The proposed list of sizes does not 
apply to tubing used in landing gear, engine parts, propeller blades 
and pressure lines. 

METHODS FOR CUTTING AIRCRAFT SHEET METAL' 

Every sheet-metal part for aircraft has some cutting operation 
performed upon it. Parts must be so designed that they can be 
cut on one machine and with one operation if possible. Bend 
reliefs and notches are the most frequent violations of this rule. 

Consideration must also be given to adapting the part to manu¬ 
facture on the most efficient type of production machine. The 
probable volume of parts affects the decision. Comparative effi¬ 
ciencies of seven types of machines are listed, together with their 
limitations for cutting various metals. 

1 Courtesy of Douglas Aircraft Company. 
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Routing 


Machine Efficiency 

A = Excellent B = Good C = Fair D == Poor 


Number of Parts 

Cost 

Speed 

Accuracy 

I to 5 

B 

B 

A 

5 to 50 

A 

A 

A 

50 to 500 

A 

A 

A 

500 and up 

A 

A 

A 


Notes. —Setup cost is low. Templet cost is low. Operating cost is 
moderate. 



Fig. 35.—Router. This Trims Stacks of Sheet Metal to Desired 
Shape. 

Finished 

part -. 1^"/?. min. * 

\ ...^Roufer guide rdie 

'Cutter diet. 

^“R. min. 



''Table 
j Materia/ stack 
^'"’Router block 




Fig. 36. —Router Block Limitations. Absolute Minimum == 
j'V Inch R, Recommended Inch K Eliminates Sharp Corners 
on Router Block. 
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Materials Cut 

Aluminum, aluminum alloy, magnesium alloy, copper, and other “soft” 
metals may be cut. 

Corrosion-resistant steel ruins most router bits. Used only in special 
instances. 


Design Considerations 

If any cutting operations must be done on router, the entire part should be 
adapted for router. 

Routing is more expensive than straight shearing and/or punch press 
notching where punch dies are on hand, but is the least expensive method 
of blanking large or complicated shapes. 

If large numbers of small parts are to be made, consider the possibility of 
combination punch-press blanking and forming. 

Profiling 

Machine Kffiotency 

A = Excellent B = Good G = Fair D = Poor 


Number of Parts 

Cost 

Speed 

Accuracy 

I to 5 

B 

B 

A 

5 to 50 

A 

A 

A 

50 to 500 

A 

A 

A 

500 and up 

B 

B 

A 


Note. —Form block cost is small. Setup cost is slight. Operating cost 
is moderate. 





Fig. 37.—Specialized Routing Machine for Trimming Edges of 
Formed Sheet-Metal Parts. 

Materials Cut 

Aluminum, dural, magnesium, and other “soft” metals, but not corrosion- 
resistant steel, and Inconel. 


Limitations 

Only limiting dimensions are: 

Max. thickness of material—i m^h. 

Min. size inside radius cut—J inch. 

Design Considerations 

This is the most accurate method available for trimming irregular edges of 
formed parts. 






640/ 


PUNCH PRESS TOOLS 


Properties of Materials 

Aluminum (2SO, 3SO) 

Adaptable to plastic forming operations, including severe drawing. Has 
^ood ductility and good malleability. Does not have great strength, nor can 
It be heat-treated. 

Aluminum Alloy 

Soft (1750. 2 aS 0 ). —Similar to aluminum but will not stand as severe cold 
worlang. Good malleability but poor ductility. When heat-treated, 
qualities approach but are not equal to those of hard stock. 

Hard (itST, 2^T). —Stronger, and has greater resiliency (springback) 
than soft stock. Elongation properties approximate those of soft stock, but 
this material has poorer ductility and malleability. 

Magnesium Alloys 

Soft (A or SO ).—More brittle than aluminum alloy, and therefore it must 
be formed at elevated temperatures (350 to 750®F.). When heated to these 
temperatures, the forming properties are similar to aluminum soft stock. 

Hard (H or SH ).—Very difficult to form when cold because of tendency to 
split. May be formed at elevated temperatures (350 to 7S0°F.), but insuffi¬ 
cient information is available to predict forming ability. 

Corrosion-Resisting Steel 

Fully Annealed .—-A corrosion and heat-resistant metal, having good 
elongation and forming qualities. Has tendency to work harden, and may 
require reannealing. Fair ductility, but poor malleability. 

i Hard .—A corrosion and heat-resistant metal, having great tensile 
strength but poor malleability and ductility. 

Full Hard .—A corrosion and heat-resistant metal, having high impact and 
tensile strength, fair elongation, but poor ductility and malleability. 

Sawing 

Machine Efficiency 

A = Excellent B = Good C = Fair D = Poor 


Number of Parts 

Cost 

1 

Speed 

Accuracy 

I to 5 

A 

A 

B 

5 to 50 

A 

A 

B 

50 to 500 

A 

A 

B 

500 and up 

B 

B 

B 


Note. —Setup cost is slight. Operating cost is moderate. Part must be 
filed or burred after sawing. 



Fig. 38. —One of Many Types of Saw for Cutting Such Parts as 
Cannot Be Sheared. 




Table 2yd .—205 Sizes of Steel Aircraft Tubing 
Recommended by National Aircraft Standards Committee 
(Dimensions in Inches) 
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Materials Cut 

All metals may be cut on one of several types of saws available within 
thickness limitations indicated below. 

Limitations 

Max. Thickness 

Material 
Aluminum & Dural 
C.M. Steel 
Cor. Resist. Steel 
Inconel 
Magnesium 
Minimum practical radius ij 

1 Single thickness or stacked material. 

Design Considerations 

By means of various types of saws practically all types of cuts may be 
made in all commonly used metals. 

Straight Shearing 


Machine Efficiency 

A = Excellent, B = Good, C = Fair, D = Poor 


Number of Parts 

Cost 

Speed 

Accuracy 

I to 5 

A 

A 

A 

5 to 50 

A 

A 

A 

so to 500 

A 

A 

A 

500 and up 

A 

A 

A 


Notes. —No die cost. Setup cost is very little. Operating cost is 
moderate. 



Fig. 39.—For Shearing Straight and Free Edges of Sheet Metal. 
Materials Cut 

Will shear all metals within limits indicated in column. 

Design Considerations 

Use of a straight shear is limited to straight and free edges only. 

If cuts must be made on a part, and cannot be made on a punch press, it 
may be cheaper to design the item for production in one setup on a router. 


IN Inches! 

3 
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Limitations 

Maximum Length and Gage 


Material 

6 Inch Shear ' 
Max. Gage 

10 Inch Shear 
Max. Gage 

18 Inch Shear 
Max. Gage 

Aluminum 

0.312 

0.218 

0.218 

SO 

0.312 

0.218 

0.218 

ST 

0.312 

0.218 

0.218 

MG 

0.312 

0.218 

0.218 

Cor. Resist. Steel 

0.312 

0.125 


CM Steel 

0.312 

0. 187 


CR Steel 

0.312 

0.187 



Rotary Shearing 

Machine Efficiency 

A = Excellent, B = Good, C = Fair, D = Poor 


Number of Parts 

Cost 

Speed 

Accuracy 

I to 5 

A 

A 

c 

5 to so 

B 

B 

c 

50 to 500 

C 

C 

c 

500 and up 

D 

D 

c 


Notes.—N o die or setup cost. Operating cost is moderate. 



Fig. 40.—For Shearing Irregular Shapes of Sheet Metal. 
Materials Cut 

Will shear all metals within limits indicated in table. 

Design Considerations 

Minimum radius which may be sheared is i J inch. There is no maximum 
radius. 
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Rotary shears are a low production machine, used only for reworking parts, 
or in cases where few parts are required. 

Machine usually leaves rough edge or burr on parts; therefore, it is poorly 
adapted to cutting parts for concave flanges, where edge condition is critical 


Limitations 

Maximum Gagp: and Limiting Radii 


Material 

Max. Gage 

Min. Radius, 
in Inches 

Max. Throat 
Clearance, 
in Inches 

Aluminum 

0.084 

li 

84 

SO 

0.084 

4 

84 

ST 

0.072 

2 

84 

MG 

0.072 


84 

Cor. Resist. Steel 

0.051 

2 

20 

CM Steel 

0.051 

2 

20 

CR Steel 

0.051 

2 

20 


Punch-Press Shearing 

Machine Efficiency 

A = Excellent, B = Good, C = Fair, D = Poor 


Number of Parts 

Cost 

Speed 

Accuracy 

I to 5 


Bi 

A 

5 to 50 

A 

A 

A 

50 to 500 

A 

A 

A 

500 and up 

A 

A 

A 


Notes. — Die cost is very high. Setup cost is moderate. Operating cost 
is low. 

1 Punch press cheapest and most efficient method if standard dies can be 
used; viz. standard notching die. 



Fig. 41. —Punch Press, a High-Production Machine Capable of 
Blanking or Notching Large Numbers of Small Parts. 
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Materials Cut 

All materials may be sheared on a punch press. 

Design Considerations 

Notches or other standard cutouts may best be formed by standard punch 
dies. Therefore, specify standard notches or cutouts wherever possible. 


Limitations 

Limitations of punch press operations are usually limitations of individual 
dies. 

Hydro-F>ress Shearing 

Machine Efficiency 

A = Excellent, B = Good, C = Fair, D = Poor 


Number of Parts 

Cost 

Speed 

Accuracy 

I to 5 

C 

c 

B 

5 to 50 

C 

B 

B 

50 to 500 

B 

B 

B 

500 and up 

C 

C 

B 


Notes. —Die cost is moderate. Setup cost is low. Operating cost is 
moderate. 
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Fig. 42. —Hydro-Press. Primarily a Forming Machine but 
Adaptable to Form and Shear or Gang Shearing Operations. 

Minimum Dimensions—Shearing 



G D G L R 

0.020 J Inch 0.020 I 

0.032 I Inch 0.032 i 

0.040 I i Inches 0.040 2I ^ 





W limits for elongated holes are identical with those for round holes. 
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Materials Cut 

Aluminum (2SO, 3SO) and soft stock (24SO) only in gages up to 0.040 inch. 
Design Considerations 

Typical applications of Hydro-Press shearing are: 

Where part is sheared and formed in same operation. 

Where large numbers of parts of same gage material are needed for same 

assembly. < 

All shales may be cut on Hydro-Press within limits indicated. 

Hydro-Press shearing results in combination shear and tension failure of 
metal. Therefore, edges must be dressed when subject to further stretching 
operations. 

To design aircraft sheet metal parts for economical production, one must 
understand the machine selected to produce the part—its capabilities, limi¬ 
tations, efficiency in relation to other machines that might be used for the 
same purpose. 

Parts formed from hard stock, 24STAL aluminum alloy, exhibit superior 
physical properties and corrosion resistance, and have certain manufacturing 
advantages as compared to pieces made from soft stock. Most hard stock 
fabrication is performed on power brakes, stretcher presses and roll forming 
machines at present. 


Shrinking Machine 


Machine Efficiency 

A = Excellent, B = Good, C = Fair, D = Poor 


Number of Parts 

Cost 

Speed 

Accuracy 

I to 5 

A 

A 

c 

5 to 50 

A 

A 

c 

50 to 500 

B 

B 

c 

500 and up 

C 

C 

c 


Notes. —No die cost. No setup cost. Operating cost is moderate. 


Fig. 43.—A Shrinking Machine, an Aid to Hand Forming. 
Materials Formed 

All commonly used metals may be formed on this machine, including 
lighter gages of stainless stceL 
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Design Considerations 

Parts are never designed to be formed on the shrinking machine. This 
machine is used only as an aid to handforming. 

Limitations 

Minimum flange radius, | inch. 

It is impossible to form all parts on a shrinking machine because it is a 
reworked punch press and may interfere with larger parts when shrinking 
certain areas. 


Spinning 


Machine Efficiency 

A = Excellent, B = Good, C = Fair, D = Poor 


Number of Parts 

Cost 

speed 

Accuracy 

I to 5 

A 

A 

B 

5 to 50 

A 

A 

B 

50 to 500 

A 

A 

B 

500 and up 

C 

C 

B 


Notes. —Tool cost is moderate, but dependent upon the shape of the part. 
Setup cost is small. Operating cost is moderate. 



Fig. 44.—A Shrinking Lathe, Forming a Sheet of Metal into 
Revolute Shapes. 

Materials Formed 

Aluminum (2SO, 3SO) is the best material for spinning. 

Aluminum Alloy: 

Soft stock (24SO, 24SOAL) spins well, although it may have to be annealed 
during the operation. Alclad will nut rub off except in very severe spinning. 

Hard stock (24ST, 24STAL) has not been spun successfully. 

Magnesium alloy will probably form if heated to 400 to 500®F. during the 
forming operation. 

Corrosion-resisting steel work hardens rapidly, but lighter gages in the 
annealed condition may be formed by reannealing during the spinning 
process. 


Design Considerations 

Parts which lock on the die may be formed only on collapsible tools, which 
are considerably more expensive than a regular die. 
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Hard stock should never be specified. 

Dimensions on spun parts should always be given to the concave side so 
they can be applied diiectly in making the spinning block. 

Accuracy of finished parts is possible and close tolerances can be held, 
although widest tolerances consistent with usage of part should be specified. 

Limitations 

No size limitations are involved, except the swing of a given machine. 

Hydro-Press 

Although capable of shearing lighter metal, the Hydro-Press is primarily 
a stretching and bending machine. It is adaptable to forming beads, flanges, 
lightening holes and similar shapes from sheet metal. 


Machine Efficiency 

A = Excellent, B = Good, C = Fair, D = Poor 


Number of Parts 

Cost 

Speed 

Accuracy 

I to 5 

B 

B 

B 

S to 50 

A 

A 

B 

50 to 500 

A 

A 

B 

500 and up 

A 

A 

B 


Notes. —Die cost is low. Setup cost is extremely low. Operating cost 
is low. Flexibility is very good. 



Fig. 45.—Hydro-Press for Forming. 

Materials Formed 

Aluminum (2SO, SO) has excellent forming characteristics, no appreciable 
springback, and is good for complicated draws. 

Aluminum alloy—soft stock (24SO, 2.1SOAL) has good forming character¬ 
istics, although it will elongate less than aluminum. Hard stock (24ST, 
24STAL) is preferable because it eliminates the heat-treating operation. 
An objection is that greater pressure is needed, and excess springback causes 
the part to warp. Accordingly, only certain parts can, at present, be made 
from hard stock. 

Magnesium alloy (MA, MH, AM3SO, AM3SH) has the same general 
characteristics as soft stock when formed on a hot plate. 

Corrosion-resisting steel (18-8) has good forrning characteristics in annealed 
and in I hard condition in lighter gages. It is impossible to form full-hard 
metal because of insufficient pressure. 
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Design Considerations 

In designing for the Hydro-Press, the main problems are: 

To form the part without splitting or wrinkling. 

To form the part properly in one stroke without hand malleting. 

To insure this, the following suggestions are given: 

Design for open flanges / \ rather than closed flanges. \ / . 

Design for simple flanges [ rather than 1 “C” flanges. 

Use channel sections | ] rather than . | Z sections. 

Locate beads on same side as flanges, j A > j In general, female 
bead dies form better than male bead dies. Form lightening holes in same 
direction a s flanges. I ^ ^ J Exception: Where closed flanges 
\ / have to be used, specify “direction of lightening hole optional.” 


Limitations 

2,ooo-ton press (SM)—36- by 96-inch table 
Rubber thickness, 6 inches. 

Max. formed height of part, 3 inches. 

5,ooo-ton press (SM)—50- by 168-inch table 
Rubber thickness, 10 inches. 

Max. formed height of part (depends on method of loading and type of 
die), 8 to 10 inches. 

2,soo-ton press (LB)—36- by 96-inch table 
Rubber thickness, 10 inches. 

Max. formed height of part, 8 to 10 inches. 


Flanging Machine 


Machine Efficiency 

A = Excellent, B = Good, C = Fair, D — Poor 


Number of Parts 

Cost 

Speed 

Accuracy 

I to 5 

A 

B 

B 

5 to 50 

B 

A 

B 

50 to 500 

B 

B 

B 

500 and up 

D 

C 

B 


Notes. —No die cost. Setup cost is moderate. Operating cost is 
moderate. 
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Materials Formed 

All sheet metals can be formed on flanging machines within their limiting 
bend radii. 

Design Considerations 

Flanging machine is used mainly for C flanges which have been partly 
formed on Hydro-Press. 

It is used also to bead wire. 

The machine is actually an aid to hand forming of flanges which cannot be 
formed otherwise. 


Limitations 

Individual tools control limits of flanging machine. 

Corrugating and Forming Rolls 


Machine Efficiency 

A = Excellent, B = Good, C = Fair, D = Poor 


Number of Parts 

Cost 

1 

Speed 

Accuracy 

I to 5 

D 

1 D 

A 

5 to so 

D 

D 

A 

50 to 500 

D 

D 

A 

500 and up 

B^ 


A 


Notes. —Die cost is extremely high. Setup is extremely high. Operating 
cost is very low. 

^ If rolls are on hand, these costs and speeds should be rated “A." 
Corrugations are made for stock. 



Fig. 47.—Corrugating and Forming Rolls. A Single-Purpose 
Machine for Making Corrugated or Hat Sections on a Production 
Basis. 


Materials Formed 

All commonly used metals may be formed on these machines, within the 
limiting bend radii of the metals used. 

Design Considerations 

The first design consideration is to try to use standard* corrugation which 
can be made with rolls on hand. 

When less than 2000 full-sheet corrugations are needed, and rolls are not 
available, the part will probably be formed on power brake. 
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Limitations 

The maximum width of flat sheet (developed width of corrugation) depends 
on machine capacity. 

The maximum width of corrugated sheet is dependent upon corrugation 
dimensions. 

There is no limit on length of sheets. 

Stretcher Press 


Machine Efficiency 

A = Excellent, B = Good, C = Fair, D = Poor 


Number of Parts 

Cost 

Speed 

Accuracy 

I to 5 

C 

B 

B 

5 to so 

A 

A 

B 

50 to 500 

A 

A 

B 

500 and up 

B 

B 

B 

i 


Notes. —Die cost is moderate. Setup cost is moderate. Operating cost 
is moderate. 

Experimental cost on new-type dies may be high. 



Fig. 48.—A Stretcher Press. A Machine for Forming Com¬ 
pound Contours in Sheet Metal through Stretching over a Form 
Block. 

Materials Formed 

Aluminum (2SO, 3SO) probably can be used satisfactorily, but harder 
materials are generally used to better advantage. 

Aluminum alloy (24SO, 24ST) in both hard and soft grades may be used 
with equal facility. Use of hard stock is recommended because it eliminates 
the heat-treating operation. Stretching does not scratch Alclad. 

Magnesium alloy—No stretcher press work has been done with magnesium 
but is probably feasible. 

(Corrosion-resisting steel (18-8) has very good forrning qualities. Possible 
limitation might be power available for yielding stainless. 

Design Considerations 

At present, sheet-metal skin contours, and other faired sheet-metal sections 
are the principal uses of the stretcher press. 

Much larger areas may be included in a single contoured sheet than pre¬ 
viously permitted by the Hydro-Press contouring method. 

(Contours may be formed to advantage with hard stock, thus eliminating 
the heat-treating operation. 
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Either right- or left-hand parts may be made with same die. Contoured 
parts may be “snapped through” to produce part of opposite hand (reverse 
contour). 

To determine the sheet stock size to be specified, add allowance for grip¬ 
ping metal. This added material may represent a high percentage of 
material waste for smaller parts. 

Limitations 

Max. Min. 

Length 20 to 25 ft. 24 in. 

Width 86 in. None 

Minimum inside radius at the pull-line is i} inch. 

Draw Bench 


Machine PvEficiency 

A = P^xcellent, B = Good, C = Fair, D = Poor 


Number of Parts 

Cost 

Speed 

Accuracy 

I to 5 

D 

D 

A 

5 to 50 

C 

C 

A 

50 to 500 

A 

B 

A 

500 and up 

A 

A 

A 


Notes. —Die cost is moderate. Setup cost is moderate. Operating cost 
is moderate. 



Fig. 49.—A Draw Bench, A Machine for Drawing Strip Stock into 
Formed Lengths. 

Materials Formed 

Aluminum (2SO, 3SO) may be drawn easily. 

Aluminum —Soft stock (17SO, 24SO) may be drawn easily. Hard 

stock (17ST, 24ST)—in the experimental stage. 

Magnesium alloy (MA, MH, AM3SO, AM3SH) in experimental stage. 
Corrosion-resisting steel may be drawn easily. 

Design Considerations 
Specify standard sections wherever possible. 

Limitations 

In general, the same minimum bend radii may be used as for straight 
brake bends. 
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The limiting dimension for parts which must be heat-treated is usually 
the furnace length, although pieces 40 feet long can be drawn and then cut 
to suitable lengths for parts. 


Drop Hammer 

Machine Efficiency 

A = Excellent, B = Good, C = Fair, D = Poor 


Number of Parts 

Cost 

Speed 

Accuracy 

I to 5 

C 

c 

B 

5 to 50 

B 

B 

B 

SO to 500 

C 

B 

B 

500 and up 

D 

C 

B 


Notes. —Die cost is fairly high. Setup cost is moderate. Operating 
cost is high per part. 

Certain types of drop-hammer dies must be replaced after several hundred 
parts because of excessive wear. 



Fig. 50.— A Drop Hammer. A Low-Production Machine for 
Severe Forming by Drawing and Controlled-Compression Failure. 

Materials Formed 

Aluminum (2SO, 3SO) is the best metal for severe drawing operations. 

Aluminum alloy—Soft stock 24SO, 24SOAL) is used for mediurn draws 
which can be made in one or two hits. Hard stock (24ST, 24STAL) is rarely 
used because of springback and work-hardening difficulties. 

Magnesium alloy (MA, MH, AM3SO, AM3SH)—Good forming character¬ 
istics with heated sheet and dies. 

Corrosion-resisting steel (18-8)—Excellent for drop hammer forming in 
annealed condition only. Hardened metal ruins dies except in very thin 
gages. 


Design Considerations 

One does not design for the drop-hammer, but if the part has not been 
designed so that it will forrn on any other machine, the piece is adapted for 
drop-hammer production, viz: 

Sharp bends, which cannot be formed on the Hydro-Press, necessitate 
forming entire part on drop hammer. 
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Since drop-hammer work involves some drawing action, sharp radii result 
in excessive work hardening, causing part to crack. Sharp radii also cause 
excessive die wear. 

Symmetrical draws form better than do unsynimetrical shapes. 

Limitations 

There are no specific maximum forming limits for drop-hammer work— 
results depend on method of reduction, skill of the operator, and elongation 
of metal. 


Contouring Rolls 


Machine Efficiency 

A = Excellent, B = Good, C = Fair, D = Poor 


Number of Parts 

1 

Cost 

Speed 

Accuracy 

I to 5 

A 

A 

E 

5 to 50 

A 

A 

B 

50 to 500 

A 

A 

B 

500 and up 

B 

B 

B 


Notes. —No die cost. No setup cost. Operating cost is moderate. 

All sheet metals can be formed on bending rolls, within their limiting bend 
radii. 



Fig. 51. — Contouring Rolls, Which Make Straight Contours in 
Sheet Metal. 

Design Considerations 

Compound bends cannot be made on contouring rolls. Such bends must 
be made on the Hydro-Press, or by other, more costly methods. 

It is extremely difficult to bend sheet metal in a complete circle to less than 
2 inches radius. 

Tapered roll sections may be formed without difficulty. 

Limitations 

Width, gage of stock, minimum radius of contour formed depend upon 
the size and power the machine installed. Usually there is no limit on the 
length of sheet that can be handled, unless formed to more than 180 degrees. 
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Deep-Draw Press 


Machine Efficiency 

A = Excellent, B = Good, C = Fair, D = Poor 


Number of Parts 

Cost 

Speed 

Accuracy 

I to 5 

C 

c 

A 

5 to 50 

c 

B 

A 

50 to 500 

B 

A 

A 

500 and up 

. . ..... 

A 

A 

A 


Notes. —Die cost is high. Setup cost is high. Operating cost is low. 
Experimental cost is often very high. 



Fig. 52.—Deep-Draw Press. A Medium-Production Machine 
That Can Draw Parts by a Controlled Drawing Action. 


Materials Formed 


Aluminum (2SO, 3SO) has the best forming characteristics. Grade 
S2SO work hardens rapidly, and therefore is not as adaptable as other soft 
aluminum. 

Aluminum alloy—Soft stock (24SO, 24SOAL) will form on limited draws, 
but work-hardens very rapidly. Hard stock (24ST, 24STAL) has excess 
springback, and rapidity of work-hardening prevents deep drawing. 

Magnesium alloy—No deep-drawing work on this metal has been done as 
yet, but appears feasible. 

Corrosion-resisting steel (18-8) can be formed in the full-annealed condi¬ 
tion only. 

Design Considerations 



Part can be formed best if symmetrical, 
this /-. 


preferable 


, not 


Holes can be formed only in direction of draw. 

Angle of draw should be symmetrical, and as wide as possible. This 
— \ preferable to — y / —. 

Both inside and outside draw radii, as well as corner radii, are critical. 
Consider whether right-hand part and left-hand part, or two similar parts, 
can be made in one draw, then cut in half 


Ductility of material affects success of draw; therefore specify only 2SO 
or 3SO for severe draws. 
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Limitations 

For a 650-ton press of one type, the maximum die size is 58 X HQ inches; 
the maximum practical draw, 19 inches. 

Punch Press 


Machine Kffktency 

A = Excellent, B = (lood, C = Fair, D = Poor 


Number of Parts 

Cost 

Speed 

Accuracy 

I to 5 

Di 

Di 

A 

5 to 50 

1)1 

1)1 

A 

50 to 500 

Bi 

C'l 

A 

500 and up 

A 

A 

A 


1 Punch press cheapest and most efhcient mcthf)d if Tiotclnng dies can be 
used. 

Notes. —Original die cost is very high. Set-up cost is moderate. Oper¬ 
ating cost is very low. 



Fig. 53.—A Punch Press. A High-Production Machine Capable 
of Blanking, Forming, and Drawing Metals. 

Materials Formed 

Aluminum (2SO, 3SO) has excellent forming characteristics and is very 
good for draws. 

Aluminum alloy (24SO, 24ST) in both hard and soft stock is used exten¬ 
sively. Hard stock is usually specified for simple blanking and forming 
operations; soft stock for more severe forming operations. 

Magnesium alloy (MA, MH, AM3SO, AM3SH)—use of this metal has 
not been developed. 

Corrosion-resisting steel (18-8) blanks and forms exceotionally well. 

Design Considerations 

In designing any small sheet-metal part which is to be manufactured in 
large numbers, consider that some or all of part may be formed on a punch 
press. Therefore; 

Specify standard notches, cutouts, bend reliefs, as these are all made by 
standard punch press dies. 

Consider die clearance for all punching operations near flanges, beads, and 
joggles. 
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Limitations 

Limitations of punch press operations are usually limitations of individual 
dies. 


Power Brake 


Machine Efficiency 

A = Excellent, B — Good, C = Fair, D = Poor 


Number of Parts 

Cost 

Speed 

Accuracy 

I to 5 

A 

A 

B 

S to 50 

A 

A 

B 

50 to 500 

A 

A 

B 

500 and up 

B 

A 



Notes. —All standard dies used. Setup cost is low. Operating cost is 
moderate. 



Fig. 54.—A Power Brake. A Medium-Production Machine for 
Forming Straight-Break Flanges and Similar Shapes. 

Materials Cut 

Aluminum (2SO, 3SO) has excellent forming characteristics. 

Aluminum alloy—Soft stock (24SO, 24SOAL) is easily bent to small radii. 
Hard stock (24ST, 24STAL) will form well, except that the part has to be 
overformed to allow for springback. 

Magnesium alloy (MA, MH, AM3SO, AM3SH) is not particularly adapted 
to power brake forming, but may be done on large bend radii. 

Corrosion-resisting steel (18-8) will form exceptionally well in all condi¬ 
tions of hardness. 


Design Considerations 

The fundamental principle in designing for power brake is that the punch 
must be able to form the part without locking on the machine (including 
overforming angle for springback). 

Minimum radius tends to mark the parts. Use slightly larger radius 
where this is possible. 


Limitations 

Minimum flange height depends upon material and bend radius. With 
24SOAL and 24STAL in 0.025 inch gage, the height is A for a ^ inch radius; 
Ar for a i inch radius. 
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BROACHES AND BROACHING 

Broaching is extending its field yearly. Originally used for 
round or irregular holes, it has replaced milling in many outside¬ 
finishing operations, such as the outside surfaces of automobile 
cylinder blocks and many smaller pieces. 

The chip cut by each tooth varies from o.ooi to 0.007 inch, 
according to the material being cut and the accuracy required. 
The teeth are usually undercut from 6 to 10 degrees to give a curl to 
the chip, while the top clearance is about 30 degrees. Some English 
practice undercuts 25 degrees, having top nearly flat. The distance 
between teeth varies according to the length of the hole being 



Th9 First Chip The Last Chip Section of Broached Hole 

Fig. I. —Broaching a Square Hole 


broached, the spacing being larger for long holes so as not to have 
too many teeth engaged at once; three, for example, is a good 
number. 

In broaching square holes from the round, or in other cases where 
there is a decided change of shape, the first teeth take the widest 
cut as at yl, Fig. i. This evens up the work of the different teeth 
as to the length of surface cut as the hole approaches a square as 
seen at B. 

The blank for the cutting part of each broach is first turned taper 
by an amount equal to the total cut of the teeth. The tooth spaces 
are cut about § inch apart and about ^ inch deep; this depends 
on the diameter of the broach, since it must not be unduly weakened. 
It is then milled inch square as shown. The longer the hole, the 
more chip room must be provided. 

Where the hole or other surface to be broached is short, the teeth 
are often cut on an angle to give a shearing cut. This is also done 
to prevent chatter at times, another remedy being to space the teeth 
unevenly, as with reamers. 

Broaches are made both solid and in sections, the latter to permit 
the renewal of teeth that have become worn or broken. High speed 
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steel is common, and carbide-tipped broaches are being used. 
Both 18-4-1 and 18-4-2 and molybdenum steels are also used. 
The spacing of the teeth, the undercut, or rake, of the teeth, and the 
speed vary widely with the material and the surfaces being cut. 
These sectional broaches are made in a variety of ways. Fig. 2 
showing examples where the sections are practically discs held on a 
central arbor. In some cases, several teeth are made on one section. 
This is for broaching internal gears having 66 teeth, 20 diametral 
pitch, and ^-inch face. Each tooth cuts 0.006, and the last three 
teeth are straight to ensure the size being accurate. 



Fig. 2. —Broach for Internal Gears 


The Connecticut Broach and Machine Company suggests the 
following spacing for teeth on work of different lengths. Teeth 
are spaced more closely for round broaches than in spline broaches 
because the cut per tooth is about one-half that for splines. 


Tooth Spacing, 
IN Inches 

i 

A 


A 

i 

9 

¥ 

h 


Length of Work, 
IN Inches 
i to i 
A H 

I to if 
to if 
__ to 2 
2 A to 2§ 

2A to 3 
sA to 3§ 

3 f to 4i 
4 A to 4i 
to 5J 


Undercut, or rake, varies 10 to 12 degrees with about 2 degrees for 
clearance. Broaching speed varies from 15 to 30 feet per minute. 
Soluble oils mixed with water are commonly used. For tool steel 
and tough forgings, a heavy compound and 4 per cent sulphur are 
used. For cold-rolled steel and similar material, this would be 
considerably diluted. 


BROACHING ROUND HOLES 

Round holes have been broached instead of reamed in some places 
for many years, and the practice is growing. It was formerly con¬ 
fined to soft metal, such as shaft bearings, but is now being made 
to cover all the metals, in some few cases broaching from a cored 
hole. For small work, a small arbor press with a sort of sub-press 
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can be used to advantage. For larger work the arbor press operated 
by power is very good, and, of course, the regular broaching machine 
can be used in any case. These are for “push” broaching. 

Two broaches used in one shop are shown in Fig. 3; other sizes 
can be made in proportion. These were used in a hand arbor press. 
The first 5 or 6 teeth do most of the cutting, as these broaches only 
finish the holes instead of reaming. In some cases with broaches for 
soft-metal bearings and even in cast iron, the large end was left plain 
or with buttons and a trifling amount larger than the last tooth. It 
then acted as a burnisher and compresses the metal. This required 
a large amount of power. 



In broaching round holes in cast iron, the broach was made from 
0.0002 to 0.0003 ii^ch larger than the nominal size, and the land was 
0.012, as shown. The holes were drilled close to size so as to leave 
very little work for the broach. In this case about 0.002 inch was 
left for broaching. 

Push broaches are usually short, being from 6 to 12 inches long. 

TO SAVE TIME IN BROACHING OUT SQUARE HOLES 

The fit on a square shaft depends almost entirely on the flat 
surfaces at or near the corners. With this in mind, il is an economy 
to bore or drill the round hole in the gear slightly larger than the 
diameter across the flats of the squared shaft, as shown in Fig. 4. 

Taking a i j-inch square shaft and boring the hole inch larger, 
or inches in diameter, we see in the illustration exactly what this 
would mean. The amount of metal to be cut out would be mate¬ 
rially reduced, the portion AB not being touched by the broach 
in any way. Yet the remaining surface in the corners would be 
ample to carry all the load, and the clearance AB would allow the 
best of lubrication. 

The center relief, as shown, gives considerable added chip space as 
well as reduces the amount of chip, thus allowing a heavier chip per 
tooth. This may either reduce the length of the broach or allow a 
longer hole, such as two holes at once, to be broached with the same 
length of broach. 
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The round-cornered square holes are used for square-form shafts 
when sliding gears or other similar parts are placed thereon, elimi¬ 
nating the use of keys. 

The automobile created and originated a large demand for square 
shafts, and they are now used extensively in commercial work since 



Fig. 4. —Center Relief for Square Holes 


the difficulty of producing square holes at a minimum cost has been 
overcome. 

The following table gives the standard dimensions of round- 
cornered square holes, established by The J. N. La Pointe Company. 


.4 




f—y 

--s 




Table of Standard Dimensions of Round- 
Cornered Square Holes 



Size of 

Size of 


Size of 

Size of 

No. of 
Square 

Square, 
in Inches 

Shaft, 
in Inches 

No. of 
Square 

Square, 
in Inches 

Shaft, 
in Inches 

A 

B 


B 

I 

r 

It 

10 

I A 

IH 

2 

I A 

I A 

II 

It 

2 

3 

i\ 

It 

12 

iH 


4 

I A 

4 . 

13 


A 

S 

li i 

I A 

14 


2A 

6 

I A 


IS 

I* 

2t 

7 

It 

If 

16 

ift 

I A 

8 

I A 

iH 

17 

2 

2i 


BROACHING NIACHINES 

Broaching machines now include a number of types, such as 
horizontal, vertical, and rotary. Some use a screw, and others 
hydraulic mechanisms, for pulling the broach. Multiple machines 
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are also in use. The rotary machines of the American type hold 
the work on a rotating table which carries it between stationary 
broaches fixed around the outside. These are loaded and unloaded 
while the table is in motion and give practically continuous cutting. 

Another type of broaching machine, the National, revolves 
round work, such as shafts with gears forged on the end, against a 
slowly rotating broach. This broach divides the work between its 
many teeth, the last tooth reducing the shaft to its correct diameter. 
The complete rotation of the cutter brings the first, or low, tooth in 
position for work on the next shaft. 

Push broaching machines are practically arbor presses. They 
are operated either by a screw or hydraulically. 


BROACHING SPEEDS 

Broaching speed varies greatly with the material and the type 
of broach and machine used. Some tractor plants run from t 2 to 


o 

o 

o 





Fig. s 
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Fig. 6 Fig. 7 

Fig. 5.—Details of Broach Teeth 
Fig. 6. —Angular Teeth for Square Holes 
Fig. 7.—Burnishing for Broached Holes 


15 feet per minute because they prefer to take a heavy cut per tooth 
and so reduce the length of the broach used, which reduces tool cost. 
The average broaching speed is perhaps 20 feet per minute, with 
30 feet the practice in some cases. 

TEETH FOR BROACHES 

Usual tooth shapes are shown in Fig. 5. Tooth spacing or 
pitch is 0.35C, where C is the length of the cut. With a cutting 
length under i inch, use 0.20C to get two teeth in the cut. 

Land L is backed off about i degree. Tooth angle T can 
usually be 30 degrees. The fillet at the bottom of the tooth should 
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be as large as possible. Chip clearance may sometimes be increased 
by curving, as at D. A rake angle of 5 to 7 degrees, as H, is usual. 
Broaches start better if the first three or four teeth are closer than 
the regular pitch. 


SQUARE BROACHES 

Broaches for square or rectangular holes will cut more easily 
if the teeth are at an angle as in Fig. 6. Teeth on opposite sides 
should have the angle in reverse to avoid side thrust. 

BURNISHING BARS 

Bearings and bushings are frequently burnished after broaching 
by a bar with polished buttons, as in Fig. 7. This has 10 buttons 
which increase the diameter by a total of only 0.001 inch. The 
lower or entering end is 0.010 inch below size, the button diameters 
increasing by 0.001 inch until 0.001 inch oversize is reached. The 
eighth and ninth buttons are 0.0015 inch oversize, whereas the last 
is 0.001 inch and the upper end has a clearance of 0.002 inch. The 
diameter of the final button ensures a bearing clearance of 0.001 
inch, even though the metal may close in after the o.ooi5“inch 
buttons pass. Burnishing buttons are sometimes included in the 
broach following the cutting teeth. 
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BOLTS, NUTS, AND SCREWS 

Standard Bolts and Nuts 

Bolts, nuts, and screws are all being changed to conform to 
practical standards and to reduce odd wrench sizes wherever 
advisable. The following pages show the sizes recommended and 
in some cases retain the old tables. It will be noted that toler¬ 
ances are now given for boltheads as well as for the threads. 

Areas of Standard Bolts from i to 3 Inches in Diameter 


Bolt 

Areas 


Diameter of Bolt 

No. of Threads per 
Inch 

Full Bolt 

Bottom of Thread 

i 

20 

0.049 

0.027 


A 

18 

10.077 

0.045 



16 

p, no 

0.068 


A 

14 

0.150 

0.093 


i 

13 

0.196 

0.126 


A 

12 

0.248 

0. 162 

Bolts are now made of so many kinds of 

f 

II 

0.307 

0.202 

steel and other materials that bolt manu¬ 

1 

4 

10 

0.442 

0.302 

facturers no longer list tensile strengths 

7 

8 

9 

0.601 

0.419 

owing to the wide variations in the quality 

1 

8 

0.785 

0-551 

of the materials used. As the old table, 


7 

0.994 

0.693 

which gave values of 12,000 and 17,500 

u 

7 

1.227 

0.890 

pounds tensile strength, now applies to but 

If 

6 

1-485 

1.054 

few materials, it seems best to omit all but 


6 

1.767 

1.294 

the cross-section areas both of the full bolt 


si 

2.074 

^•515 

and at the bottom of the thread. Although 

u 

5 

2.405 

1-745 

this necessitates the calculation of safe bolt 


5 

2.761 

2.049 

strength for each material, it is now con¬ 

2 

4i 

3.142 

2.300 

sidered better practice. 

2i 

4i 

3976 

3.021 


2i 

4 

4.909 

3.716 


2i 

4 

5-940 

4.620 


3 

si 

7.069 

5.428 
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SLOTTED-HEAD MACHINE SCREWS, CAPSCREWS, 
AND WOOD SCREWS 

These heads are standard for machine screws and capscrews. 
All, except the fillister head, are also standard for wood screws. In 
capscrews the round head is also called “button’’ head. In wood 
screws the oval head is sometimes called “French” head. 


Flat Round Oval Fillisfer 

Head proportions are given in Tables i to 15. 

The dimensions given in the tables are A.S. A. standards and have 
been adopted by the American Screw Company, which also fur¬ 
nished the dimensions of the Phillips cross-slot head, as shown in 
Tables 9 to 15, Standard wood screws are shown in Tables 38 to 42. 
Cross-slotted screws have also been made by Reed & Prince. 
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All dimensions in inches. 

Note: —The unthreaded body diameter of machine screws will have approximately The same tolerances as the pitch diameter 
of the threads shown in the American National Standard for screw threads, Class 2 Free Fit, where the number of threads per 
inch are the same. 
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Table 2.—Head Dimensions, Round Head Screws 


Nom¬ 

inal 

Size 

D 

A 

H 

J 

T 

Maxi¬ 

mum 

Head 

Diameter 

Height of 
Head 

Width of 
Slot 

Depth of 
Slot 


Diam- 










eter 

Maxi- 

Mini- 

Maxi- 

Mini- 

Maxi- 

Mini- 

Maxi- 

Mini- 



mum 

mum 

mum 

mum 

mum 

mum 

mum 

mum 

2 

0.086 

0.162 

0.146 

0.070 

0.059 

0.036 

0.024 

0.048 

0.036 

3 

0.099 

0.187 

0.169 

0 078 

0.067 

0.038 

0.026 

0.053 

0,040 

4 

0.112 

0.211 

0.193 

0.086 

0.075 

0.040 

0.028 

0.058 

0.043 

5 

0.125 

0.236 

0.217 

0.095 

0.083 

0.043 

0.031 

0.062 

0.047 

6 

0.138 

0.260 

0.240 

0.103 

0.091 

0.04s 

0.033 

0.067 

0.050 

8 

0.164 

0.309 

0.287 

0.119 

0.107 

0.050 

0.037 

0.076 

0.057 

10 

0,190 

0.359 

0.334 

0.136 

0.124 

0.055 

0.041 

O.08KS 

0.064 

12 

0.216 

0.408 

0.382 

0.152 

0.140 

0.059 

0.045 

0.095 

0.071 

i 

0.250 

0.472 

0 443 

0.174 

0.161 

0.066 

0. OSI 

0. 108 

0.080 

p 

0.312s 

0.S9I 

0.557 

0 214 

0.200 

0 077 

0.061 

0.130 

0.097 

i. 

0.375 

0.708 

0.670 

0 254 

0.2391 

0 088 

0.072 

0.153 

0.114 

iV 

0.4375 

0.825 

0.783 

0. 293 

0,278 

0.099 

0.083 

0.186 

0.146 


0.500 

0.944 

0.897 

0.333 

0.317 

0. no 

0.094 

0.219 

0.179 


All dimensions in inches. 


Formulas 

Head diameter: Maximum A = i.SSyD; Minimum A — 1.813Z) 
— o.oio. 

Height of head: Maximum H — o.6$6D + 0.015; Minimum H — 
0.624D + 0.005. 

Depth of slot; Maximum T = 0.362D -f 0.017; Minimum T = 
o.268Z> + 0.013. 

Shape of head: semielliptical. 

For threads per inch see Table i. 
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Mini¬ 

mum 
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0000 MMMM tHNrorO*t 

0000 0000 00000 
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0 *tO oONOO NOr-mw 
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OO'-I'-I Mtxwoi NC»PO't*t 

0000 0000 00000 

k, 

Height of Oval 

Mini¬ 

mum 

(NOOsm omot- OmOON 

(N q» M ro fO ^ 10 10 'O 00 0 fO 

0000 0000 oOmmm 

0000 0000 ooood 

Maxi¬ 

mum 

Oscoi-t-i >n m M Os Osoo r-oo 0 

qjro'*Ot tiooo l-'Os^-imm 

0000 0000 OOwmm 

0000 0000 00000 


Depth of Slot 

Mini¬ 

mum 

m Os m ON -to N M 0 0 0 

rorf-fio ot'- OOOs M-tt^OfO 

0000 0000 mumC-N 

0000 0000 00000 

Maxi¬ 

mum 
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t m loso t-ooOi-i POi'-Ott'- 

0000 00 mmcnnn 

odod 0000 ooood 


Width of Slot 

Mini¬ 

mum 

0.024 

0 026 

0 028 
0.031 

0.033 

0.037 

0.041 

0.045 

0.051 
0.061 
0.072 
0.083 
0.094 

Maxi¬ 

mum 

*000000 momOs or-ooOsO 

oottt tmioio Ot^ooOsM 

0000 0000 OOOOW 

0000 0000 ooood 

!i; 

Height of Head 

Mini¬ 

mum 

0 00 »0 N Os too N N sO 0 m Os 

11 > 0*0 nO oc Os M roo 0 msO 

0000 OOOm i-smNNN 

cddd oood ooood 

Maxi¬ 

mum 

MOsr-m oooON roNOOst- 

m msO t-- 00 0 ii ro m Os oosO O 

0000 Ommm wmNNOO 

0000 0000 00000 


Head Diameter 

Maxi- ' Mini¬ 
mum j mum 

vO'-<t''N r-ooOsO 

moo 000 loomM r-ON t*© 

MS- 4 NN NrofOt to t^QO Os 

0000 ooco 00000 

NOs'ON OsNlOCO t^ONOf- 
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Maximum 
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m mo 

OOsNm ootOO ONmr-o 

00 Os M N fvjvO Os M m M f- m 0 

ootHM MWI-.N Nfomtm 

0000 0000 00000 

Nominal 

Size 

« Oao 0 « 

M M 


All dimensions in inches. 
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Table 4.—Head Dimensions—Tedss-Head Machine Screws 


Size 

Head 
Diameter, 
in Inches 

A 

Head 
Height, 
in Inches 

H 

Slot 
Width, 
in Inches 

D 

Slot 
Depth, 
in Inches 

E 

4 

0.262 

0.076 

0.040 

0.04s 


0 .242 

0.056 

0.028 

0.043 

S 

0.291 

0.082 

0.043 

0.049 


0.271 

0.062 

0.031 

0.047 

6 

0.326 

c^ 

0 

0 

0.045 

0.052 


0.306 

0.072 

0033 

0.050 

8 

0-385 

0. to8 

0.050 

0.059 


0-365 

0.088 

0.037 

0.057 

10 

0.448 

0.124 

0-055 

0.066 


0.428 

0.104 

0.041 

0.064 

12 

0.510 

0.140 

0.059 

0.073 


0.490 

0.120 

0.045 

0.071 

i 

0.573 

0-155 

0.066 

0.083 


0.553 

0-135 

0.051 

0.081 

A 

0.698 

0.186 

0.077 

0.099 


0.678 

0.166 

0.061 

0.097 

3 

8 

0.823 

0.218 

0 

b 

00 

00 

0.116 


0.803 

0.198 

0.072 

0. 114 


American Screw Company. 



FILLISTER HEAD SCREWS 


653 



‘3 6 

M'S .S 3 

’53 S ^6 

WK J _1 


S'" -gi 

o «J 3 

H SS 

T -SH 
o -2 2 


bo 


tn 

*0 

u 


to fO't >/> 10\0 00 Oi On g 
0 Ov O M "tto On ^ 5 

0000 MMWM MMrO 


S 3 


rt 3 

SB 


iig 

se 


•SB 

2 

SB 


• 3 B 


2 

SB 


.j: o 

S6 


rt 3 

SB 


H § 


li 


0000 0000 000 


nt^O c«NOO>ot^t^i /5 
oO On O <M fO looo O ro On »0 
OOmm hmnhm CSNfO 


0000 0000 000 


aOMTtt^ON«r>Mt> «tJ-OC M 
MNNri WfO'*t^iO'OQO 

0000 0000 000 


0000 000 O'000 


oOmicOn root^rf ^nOn 
N rofOfOrt’i/^ioO t^OO 
0000 0000 OO-N 


0000 0000 000 


i-vO t-<\g M o O O rCO On 
N fS fO fO ^ IDvO 00 O 0 » 

0000 0000 Ol-NN- 


0000 0000 000 


r- POOO rf ON-NfO-^ Or-'-^ 
f<>* 4 --t‘O'Or'' 00 ON O fO \0 
0000 0000 MM« 


0000 0000 000 


•'t'O COM ror^Mi/)MMN 
MCSNfOfOfO't^ IOnO 

0000 0000 000 

o* o d o 6 6 6 6 6 6 6 


vOOOOrO tnO'/^OsNO t'OO 
rJ-io»/^t/>'Of ''00 

0000 0000 000 
oood 0000 000 


lyONNOoONON-Nf-rO ro-oo 
•^\ri\CO On O <N M-OO M 
0000 OOi-M 


0000 0000 000 


to ro N M OnnO*^!-* rO >00 

ionO t^oo 00 O 'O o ^ 
0000 Ol-IMM MNCJ 


0000 0000 000 


TttONO t»OOON^ OnOO 
rt "'l-'O 00 OtoONroooONON 
►hi-imm c»«sNroro^io 


0000 0000 000 


OtH^olrt^OOfO^' ^OnN 
rro 000 Wt^wiOMMN 
wcsroro ^lOO 


0000 0000 000 


[nOOnoiwoO'^O'O ON»o 
00 On M Cl fOO On M to w t'- 

OOmM MCltHN WfOfO 


0000 0000 000 


NrO'^iO>OoOOM 


a 

s 

+ 

(it 

B 

3 

6 

*3 

S 

II 

£ 

4- 

b 

a 

3 

3 


41 

oQ 

O o 

I o 

I NO 

o II 

'Offi 

"3 
to II 2 

•§<1 


I 3 

QS 

't'S 


ill 

*£.§,• 

.S 8 

Sd 


II + 

fr.f^ 

Si 

B.B 

.'S X 

10.5 rt 

41. 

OQ 5 " 

®s§cd£ 

o H 3 Qb 

%■ g 

sJ'aaS 

pUl 


n 

lit 

3 

3 

3 


3 ^ 

28 

a tf) 

'S-g 

s.s 

•3R 
> « 
0-0 

O u 

:s| 


4 ) Oj« 5 ) ■guH s g 

gWl2 


I 
















6S4 


BOLTS, NUTS, AND SCREWS 



Table 6.—Head Dimensions, Flat Head Cap Screws 



D 

A 

H 

J 

T 



Head 

Height 

Head 

Width of 

Depth of 

nal 

Maxi- 

Diameter 

Slot 

Slot 

Size 

mum 


1 

1 


1 



Diam- 









eter 

Maxi- 

Mini- 

Nomi- 

Maxi- 

Mini- 

Maxi- 

Mini- 



mum 

mum 

nal 

mum 

mum 

mum 

mum 

1 

T 

0.250 

1 

5 

0-477 

0.146 

0.070 

0.058 

0.073 

0.053 


0.3125 

5 

8 

0.598 

0.183 

0.0791 

0.065 

0.091 

0.066 

i 

0-375 

1 

0.719 

0. 220 

0.088 

0.074 

0. no 

0.080 

A 

0.4375 

a 

0. 780 

0. 220 

0.098 

0.083 

0. no 

0.07s 

i 

0.500 

7 

8 

0.841 

0. 220 

0. no 

0.094 

0. no 

0.070 

P 

J 

0.5625 

I 

0.962 

0.256 

0.123 

0.106 

0.128 

0.083 

0.625 

li 

1.083 

0.293 

0.138 

0.119 

0.146 

0.096 

i 

0.750 

If 

1.326 

0.366 

0.154 

0.134 

0.183 

0.123 


All dimensions in inches. 

Note i; The unthreaded body diameter of cap screws will have the same 
tolerances as the major thread diameter shown in the American National 
Standard for screw heads, Class 2 free fit, where the number of threads per 
inch is the same. 


Formulas 

Head diameter: Maximum A = nominal (no formula). Minimum A ■» 
Maximum A — (0.03 Max, A + 0.008). 

Height of head; Nominal H = computed from maximum D and maximum 
A, with 81-degree (mean) angle. Nominal H, subject to variations in 
A and D and angle. 

Width of slot; Nominal J = 0.160 D + 0.024 « S (approximately 
cutter width). Maximum J == S -b (0.05 S -f 0.003), Minimum J »=» S — 
(o.os S -f 0.003). 

Depth of slot: Maximum T = 0.500 H Nominal, Minimum T ■=« Maxi¬ 
mum T — 0.08 D. 

Countersink angle: maximum 82 degrees, minimum 80 decrees. 


Screw Points 

The points of all cap screws shall be flat, the flat being normal 
to the axis of the screw, and shall be chamfered at an angle of 35 
degrees with the surface of the flat, plus 5 degrees, minus o degree; 
the chamfer to extend to the bottom of the thread. The edge 
of the chamfer is to be slightly rounded. 
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Table 7.—Head Dimensions, Button Head Cap,Screws 



D 

A 

H 

J 

T 

Nom¬ 

inal 

Size 

Maxi¬ 

mum 

Head 

Diameter 

Height of 
Head 

Width of 
Slot 

Depth of 
Slot 


Diam¬ 

eter 

Maxi¬ 

mum 

Mini¬ 

mum 

Maxi¬ 

mum 

Mini¬ 

mum 

Maxi¬ 

mum 

1 

Mini¬ 

mum 

Maxi¬ 

mum 

Mini¬ 

mum 

i 

0.250 

0.312s 

0.375 

0.4375 

A 

A 

{ 

0.418 

0.S41 

0.602 

0.72s 

0.191 
0.246 

0.273 

0.328 

0.175 

0.226 

0.251 

0.302 

0.070 

0.079 

0.088 

0.098 

0.058 

0.065 

0.074 

0.083 

0.117 

0.151 
0.167 
0.202 

0.097 

0.126 

0.137 
0.167 

X 

1 

0.500 

0.5625 

0,62s 

0.750 

H 

I 

I i 

0.786 

0.908 

0.970 

1,215 

0.355 

0.410 

0.438 

0.547 

0.328 

0.379 

0.40s 

0.506 

0. no 
0.123 
0.138 
0.154 

0.094 

0.106 

0.119 
0.134 

0.219 

0.253 

0.270 

0.337 

0.179 

0,208 
0.220 
0.277 


All dimensions in inches. 


Formulas 

Head diameter; maximum A = nominal (no formula); minimum A “ 
maximum A — (0.02 maximum A -|- 0.010). 

Height of head; maximum II — ^ maximum A; minimum H »= maxi¬ 
mum 11 — (0.03 maximum A + 0.003). 

Width of slot is same as in Table 6 . 

Depth of slot: maximum T = § minimum //; minimum T = maximum 
T - 0.08D. 

Shape of head; semielliptical. 

Cap-Screw Lengths 

The length shall be measured from the largest diameter of the 
bearing surface of the head to the extreme point, on a line parallel 
to the axis of the screw. 

The difference between consecutive lengths of screws: 

For screw lengths J to i inch shall be J inch. 

For screw lengths i to 4 inches shall be j jnch. 

For screw lengths 4 to 6 inches shall be J inch. 

The tolerance in screw length shall be 3 per cent of the nominal 

length, with a minimum tolerance of 0.030 inch; one-third of the 
tolerance to be applied minus, and two-thirds plus. 

Thread Lengths 

Slotted-head cap screws shall be regularly threaded coarse 
pitch, and when so threaded shall have a length of thread equal to 
2D i inch. Screws too short to allow the formula length of 
thread may be threaded as close to the head as practicable. 
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Table 9.—Head Dimensions—Flat-Head Machine 
American Phillips 
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Screws 


Size 

Head 
Diameter, 
in Inches 

A 

Head 
Height, 
in Inches 

H 

2 

0.172 

0 051 


0.156 

0.040 

3 

0.199 

0.059 


0.181 

0.048 

4 

0.22s 

0.067 


0.207 

0.055 

s 

0.232 

0.075 


0.252 

0.062 

6 ! 

0.279 

0.083 

1 

0.257 

0.069 

s 1 

0.332 

0.100 


0.308 

0.084 

10 

0.38s 

0.116 


0.359 

0.098 

12 

0.438 

0.132 


0.410 

0. 112 

i 

0.507 

0.153 


0.477 

0. 131 

A 

0.636 

0.192 


0.600 

0 i66 

I 

0.762 

0.230 


0.722 

0.200 

A 

0.890 

0.269 


0.84s 

0.235 


1.017 

0.307 


0.967 

0.269 


Recess 

Recess 

Wing 

Spread, 

Depth, 

Thickness, 

in Inches 

in Inches 

in Inches 

.S' 

J 

T 

0.105 

0.066 

0.020 

0 095 

0.056 

0.016 

0 117 

I 0.078 

0.020 

0 107 

0.068 

0.016 

0 130 

0.091 

0.020 

0.120 

0. o8r 

0 016 

0.151 

0.083 

0 027 

0.141 

0 073 

0.023 

0.166 

0.098 

0 027 

1 0.156 

0.088 

0.023 

0 181 

0.113 

0.027 

0 171 

0.103 

0 023 

0.196 

0.128 

0 027 

0 186 

0 118 

0.023 

0.260 

0.148 

0 032 

0.250 i 

0.138 

0 028 

0.275 i 

0.163 

0.032 

0.26s 

0.153 

0.028 

0 357 

0.208 

0.045 

0.347 

0 198 

0.041 

0.385 

0 237 

0.04s 

0.375 

0.227 

0.041 

0.401 

0.253 

0.04s 

0.391 

0.243 

0.041 

0.416 

0.268 

0.045 

0.406 

0.258 

0.041 
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Table io.—Head Dimensions—Round-Head Machine Screws 
American Phillips 


Size 

Head 
Diameter, 
in Inches 

A 

Head 
Height, 
in Inches 

H 

Recess 
Spread, 
in Inches 

Recess 
Depth, 
in Inches 

J 

Wing 
Thickness, 
in Inches 

T 

2 

0 

162 

0, 

070 

0. 

Ill 

0. 

089 

0 

020 


0, 

146 

0 

059 

0. 

lOI 

0. 

079 

0 

016 

3 

0 

187 

0. 

078 

0. 

119 

0. 

097 

0 

, 020 


0 

169 

0. 

067 

0. 

109 

0. 

087 

0 

016 

4 

0 

2 II 

0. 

086 

0. 

127 

0. 

lOS 

0 

. 020 


0. 

193 

0. 

075 

0, 

117 

0 

09s 

0 

.016 

S 

0 

236 

0 

095 

0, 

151 

0. 

104 

0 

.027 


0 

217 

0. 

083 

0. 

141 

0. 

094 

0 

023 

6 

0. 

260 

0 

103 

0. 

159 

0. 

I 12 

0 

027 


0 

240 

0 

091 

0, 

149 

0. 

102 

0 

023 

8 

0. 

309 

0. 

I19 

0. 

175 

0, 

128 

1 0, 

,027 


0. 

287 

0. 

107 

0, 

165 

0. 

II8 

0 

.023 

10 

0 

359 

0. 

136 

0. 

192 

0. 

145 

0 

.027 


0. 

334 

0. 

124 

0, 

182 

0. 

13s 

0 

.023 

12 

0 

408 

0. 

152 

0, 

246 

0. 

i6s 

0 

.032 


0 

382 

0. 

140 

0, 

236 

0. 

155 

0 

.028 

i 

0. 

472 

0. 

174 

0. 

26s 

0. 

187 

0 

032 


0, 

443 

0. 

161 

0, 

255 

0. 

177 

0 

.028 

A 

0. 

S 9 I 

0, 

214 

0, 

305 

0. 

227 

0 

. 032 


0. 

557 

0. 

200 

0, 

295 

0. 

217 

0 

. 028 

1 

0. 

708 

0, 

254 

0, 

384 

0. 

281 

0 

045 


0. 

670 

0. 

239 

0, 

374 

0 

271 

0 

.041 

A 

0, 

82s 

0. 

293 

0, 

398 

0. 

297 

0 

.04s 

i 

o. 

783 

0, 

278 

0, 

388 

0. 

287 

0 

.041 

0 

944 

0. 

333 

0, 

413 

0 

314 

0 

.045 


0, 

897 

0. 

317 

0. 

403 

0. 

304 

0 

. 041 
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Table ii.—Head Dimensions—Oval-Head Machine Screws 
American Phillips 


Size 

Head 
Diam¬ 
eter, in 
Inches 

Head 
Height, 
in Inches 

H 

Height 
of Oval, 
in Inches 

Total 
Height 
of Iicad, 
in Inches 

F -f // 

Recess 
Spread, 
in Inches 

S 

Recess 
Depth, 
in Inches 

J 

Wing 
Thick¬ 
ness, in 
Inches 

T 

2 


0 

1 

172 

0 

.051 

0 

,029 

0 

080 

0, 

. 109 

0, 

078 

0 

, 020 



0 

156 

0 

. 040 

0 

, 022 

0 

. 062 

0, 

.099 

0. 

067 

0 

, 016 

3 


0 

199 

0 

.059 

0 

033 

0 

092 

0 

,121 

0, 

090 

0 

020 



0 

181 

0 

. 048 

0 

026 

0 

074 

0, 

• III 

0, 

080 

0 

016 

4 


0 

225 

0 

. 067 

0. 

.037 

0 

104 

0 

133 

0. 

103 

0 

020 



0 

207 

0 

■055 

0. 

,029 

0, 

.084 

0 

123 

0. 

093 

0 

016 

5 


0 

232 

0 

.075 

0 

041 

0 

. 116 

0 

155 

0. 

098 

0 

027 



0 

252 

1 0 

. 062 

0 

033 

0 . 

095 

0 

. 145 

0, 

088 

0 

.023 

6 


0 

279 

0 

.083 

0 

04s 

0 

, 128 

0 

170 

0, 

114 

0 

. 027 

8 


0 

257 

0 

. 069 

0 

.036 

0 

105 

0 

. 160 

0 

104 

0 

.023 


0 

332 

0 

100 

0 

.053 

0 . 

153 

0 

. 189 

0 , 

133 

0 

, 027 



0 

308 

0 

. 084 

0. 

043 

0 

127 

0 

179 

0 , 

123 

0 

023 

10 


0 

38s 

0 

. ir 6 

0 

,061 

0 . 

177 

0 

206 

0 , 

I5I 

0 

027 



0 

359 

0 

. 098 

0 

.050 

0 

148 

0 

. 196 

0 , 

I4I 

0 

. 023 

12 


0 

438 

0 

. 132 

0. 

.069 

0 

20 r 

0 

267 

0 

174 

0 

.032 



0 

410 

i 0 

. 112 

0. 

.057 

0 

169 

0 

.257 

0 , 

164 

0 

. 028 


i 

0 

S07 

0 

■ IS 3 

0 . 

.079 

0 . 

232 

0 

. 287 

0 , 

194 

0 

.032 



0 

477 

0 

. 131 


, 0O6 

0 , 

197 

0 

277 

0 , 

184 

0 

. 028 


A 

0 

636 

0 

. 192 

0. 

,098 

0 , 

, 290 

0 

387 

0 

266 

0 

.045 


i 

0 

600 

0 

. 166 

0, 

.083 

0 

249 

0 

377 

0 

256 

0 

. 041 


0 

762 

0 

. 230 

! 0, 

.117 

0, 

347 

0 

.407 

0 

285 

0 

.045 



0 

722 

0 

. 200 

1 0. 

. 100 

0 

300 

0 

.397 

0 , 

275 

0 

. 041 


A 

0 

890 

0 

. 269 

1 0, 

.138 

0 , 

407 

0 

.419 

0 , 

298 

0 

.045 



0 

84s 

0 

. 235 

i 0. 

, 120 

0 . 

355 

0 

.409 

0 . 

288 

0 

, 041 


I 

017 

0 

.307 

0. 

ISO 

0 . 

407 

0 

434 

0 . 

314 

0 

045 



0 

1 

967 

0 

. 269 

0. 

132 

0 . 

401 

0. 

424 

0 . 

304 

0 

, 041 
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Table 12.—Head Dimensions—Fillister-Head Machine 
Screws 

American Phillips 


Size 

Head 
Diam¬ 
eter, in 
Inches 

Head 
Height, 
in Inches 

H 

Height 
of Oval, 
in Inches 

P \ 

Total 
Height 
of Head, 
in Inches 

F -{■ H 

Recess 
Spread, 
in Inches 

S 

Recess 
Depth, 
in Inches 

J 

Wing 
Thic 2 - 
ness, in 
Inches. 

T 

2 


0 

140 

0 

055 

0. 

028 

0 

083 

0 

103 

0, 

076 

0, 

. 020 



0 

124 

0 

04s 

0 

018 

0 

063 

0 

093 

0. 

066 

0 

, 016 

3 


0 

161 

0 

063 

0 

032 

0 

095 

0 

113 

0 

087 

0 

,020 



0 

14s 

0 

052 

0, 

021 

0. 

073 

0 

013 

0 

077 

0 

.016 

4 


0 

183 

0 

072 

0. 

035 

0 

107 

0 

I 2 S 

0 

099 

0 

.020 



0 

166 

0 

062 

0 

024 

0 

086 

0 

II5 

0 

089 

0 

,016 

S 


0 

204 

0. 

081 

0. 

039 

0 

120 

0 

158 

0 

109 

0 

,027 



0, 

187 

0. 

068 

0. 

027 

0. 

095 

0, 

148 

0. 

099 

0, 

.023 

6 


0 

226 

0. 

089 

0, 

043 

0, 

132 

0 

169 

0. 

121 

0. 

027 



0. 

208 

0 , 

076 

0 . 

029 

0 , 

los 

0 

159 

0. 

III 

0, 

.023 

8 


0 

270 

0. 

106 

0 , 

050 

0, 

156 

0 

191 

0, 

144 

0, 

,027 



0, 

250 

0 , 

091 

0 . 

035 

0, 

126 

0 

181 

0, 

134 

0, 

023 

10 


0, 

313 

0 , 

123 

0 , 

057 

0, 

180 

0, 

213 

0, 

197 

0, 

,027 



0 

292 

0 , 

107 

0 , 

041 

0. 

148 

0 

203 

0, 

157 

0, 

.023 

12 


0 

357 

0 . 

I4I 

0 , 

004 

0. 

205 

0 

271 

0, 

191 

0. 

.032 


i 

0, 

334 

0 . 

123 

0 . 

047 

0. 

169 

0, 

261 

0. 

i8r 

0. 

028 


0, 

414 

0 . 

163 

0 . 

074 

0. 

237 

0, 

299 

0, 

220 

0, 

032 



0. 

389 

0 . 

143 

0. 

054 

0. 

197 

0, 

289 

0. 

210 

0. 

. 028 


A 

0. 

519 

0 . 

205 

0 . 

092 

0, 

297 

0, 

352 

0. 

276 

0. 

032 


I 

0. 

490 

0 . 

I8I 

0 . 

068 

0. 

249 

0, 

342 

0, 

266 

0, 

.028 


0. 

622 

0 . 

246 

0 . 

109 

0. 

355 

0. 

434 

0. 

331 

0, 

045 



0. 

590 

0 , 

218 

0 . 

082 

0. 

300 

0. 

424 

0, 

321 

0, 

,041 


A 

0. 

727 

0 , 

287 

0 . 

126 

0, 

413 

0. 

443 

0. 

334 

0. 

04s 


i 

0. 

690 

0 . 

255 

0. 

095 

0. 

350 

0. 

433 

0. 

324 

0. 

041 


0. 

831 

0. 

328 

0. 

144 

0. 

472 

0. 

449 

0. 

339 

0. 

045 



0. 

791 

0. 

293 

0. 

II9 

0. 

412 

0, 

439 

0. 

329 

0. 

041 
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Table 13.—Head Dimensions—Truss-Head Machine Screws 
American Phillips 


Size 

Head 
Diameter, 
in Inches 

A 

Head 
Height, 
in Inches 

H 

Recess 
Spread, 
in Inches 

5 

Recess 
Depth, 
in Inches 

J 

Wing 
Thickness, 
in Inches 

T 

4 

0.262 

0 

.076 

0 

109 

0. 

078 

0 

.020 


0.242 

0 

.056 

0 

109 

0 

068 

0 

016 

5 

0.291 

0 

. 082 

0 

140 

0 

IIS 

0 

. 020 


0.271 

0 

.062 

0 

130 

0. 

los 

0 

.016 

6 

0.326 

0 

.092 

0 

ISO 

0, 

120 

0 

.020 

8 

0.306 

0 

.072 

0 

140 

0. 

no 

0 

.016 

0.38s 

0 

. 108 

0 

170 

0 

115 

0 

.027 


0.36s 

0 

.088 

0 

160 

0 

105 

0 

023 

10 

0 448 

0 

. 124 

0 

184 

0. 

131 

0 

. 027 


0.428 

0 

, 104 

0 

174 

0, 

121 

0 

023 

12 

0.510 

0 

. 140 

0 

245 

0, 

I 5 S 

0 

032 

\ 

0.490 

0 

. 120 

0 

235 

0. 

145 

0 

028 

O.S 73 

0 

. iss 

0 

260 

0, 

170 

0 

032 


O.SS 3 

0 

. 13s 

0 

250 

0 

160 

0 

028 

A 

0.698 

0 

.186 

0 

349 

0, 

234 

0 

04s 

\ 

0.678 

0 

. 166 

0 

339 

0 

224 

0 

041 

0.823 

0 

.218 

0 

370 

0 

266 

0 

04s 


0,803 

0 

. 198 

0 

360 

0 

256 

0 

041 

A 

0.947 

0 

.249 

0 

411 

0, 

297 

0 

04s 

h 

0.927 

0 

, 229 

0 

401 

0 

287 

0 

041 

1.072 

0 

. 280 

0 

441 

0 

328 

0 

045 


1.052 

0 

. 260 

0 

431 

0 

318 

0 

.041 
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Table 14.—Head Dimensions—Binding-Head Machine Screws 
American Phillips 


Size 

Head 
Diameter, 
in Inches 

A 

Head 
Height, 
in Inches 

H 

Recess 
Spread, 
in Inches 

s 

Recess 
Depth, 
in Inches 

J 

Wing 
Thickness, 
in Inches 

T 

2 


0 

176 

0. 

065 

0. 

lOI 

0. 

071 

0, 

020 



0, 

164 

0. 

05s 

0. 

091 

0. 

061 

0 . 

016 

3 


0 

201 

0 

074 

0 

108 

0. 

080 

0. 

020 



0 

189 

0. 

064 

0. 

098 

0. 

070 

0 

016 

4 


0, 

227 

0. 

083 

0. 

II9 

0. 

090 

0. 

020 



0 

21S 

0. 

073 

0. 

109 

0. 

080 

0 

016 

S 


0 

205 

0. 

091 

0. 

155 

0. 

103 

0. 

027 



0 

238 

0 

081 

0. 

145 

0. 

093 

0, 

023 

6 


0 

273 

0. 

099 

1 0. 

163 

1 0. 

Ill 

0. 

027 



0 

257 

0, 

089 

i O' 

153 

0, 

lOI 

0 . 

023 

8 


0. 

321 

0. 

115 

0. 

179 

0, 

129 

0 

,027 



0 

301 

0. 

los 

0. 

169 

0, 

II9 

0 

023 

10 


1 ^ 

374 

0. 

133 

0, 

196 

0, 

147 

0 

. 027 



0, 

354 

0 

123 

0. 

186 

0. 

137 

0 

023 

12 


0. 

424 

0, 

151 

0, 

256 

0, 

173 

0 

. 032 



0 

404 

0, 

141 

0, 

246 

0 

163 

0 

. 028 


i 

0 

484 

0, 

172 

0. 

278 

0 

192 

0 

.032 



0 

464 

0. 

162 

0, 

268 

0 

182 

0 

. 028 


i*« 

0 

62s 

0 

200 

0 

347 

0 

227 

0 

• 045 



0 

60s 

0. 

190 

0 

337 

0 

217 

0 

. 041 


f 

0 

748 

0 

239 

0 

390 

0 

266 

0 

.045 



0 

728 

0 

229 

0 

380 

0 

256 

0 

. 041 



0 

873 

0 

278 

0 

410 

0 

288 

0 

• 045 


§ 

0 

853 

0 

268 

0 

400 

0 

278 

0 

. 041 


0 

998 

0, 

317 1 

0 

424 

0 

308 

0 

.045 



0 

978 

0. 

307 

0 

414 

0 

298 

0 

. 041 
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Table 15.—Head Dimensions—Washer-Head Machine Screws 
American Phillips 



Washer 

Diam¬ 

eter, 

Diam¬ 

eter 

of Oval, 

Height 

Height 

Total 

Height 

Recess 

Recess 

Wing 

Size 

Washer, 

of Oval, 
in 

0? 

Head, 

Spread, 

in 

Depth, 

in 

Thick¬ 
ness, in 


Inches 

Inches 

Inches 

Inches 

in 

Inches 

Inches 

Inches 

Inches 


A 

B 

H 

F 

F 4 - // 

S 

J 

T 

2 

0.201 

0.144 

0.018 

0.044 

0.062 

0 092 

0.071 

0 016 


0. I8s 

0.128 

0 012 

0 039 

0 osi 

0.102 

0 081 

0 020 

3 

0.231 

0. i6s 

0.020 

0.050 

0 070 

0.100 

0 079 

0.016 


0.213 

0.147 

0.014 

0.046 

0.060 

0 110 

0.089 

0 020 

4 

0.261 

0.186 

0.023 

0.057 

0 080 

0.109 

0 088 

0.016 


0 243 

0.168 

0.017 

0.051 

0.068 

0.119 

0 098 

0.020 

S 

0 291 

0.208 

0.025 

0.063 

0.088 

0 132 

0.087 

0 023 


0 271 

0.188 

0.019 

0 057 

0.076 

0 142 

0.097 

0 027 

6 

0 321 

0.228 

0.027 

0.069 

0.096 

0 148 

0 103 

0 023 

8 

0.301 

0.208 

0.021 

0.063 

0.084 

0. 138 

0.093 

0 027 

0.370 

0.270 

0.032 

0 081 

0.113 

0 164 ' 

0.119 

0 023 


0.358 

0.248 

0 026 

0.075 

0 . lOI 

0 154 i 

0. 109 

0 027 

10 

0 439 

0.312 

0.036 

0 094 

0. 130 

0 170 

0. 137 

0.027 


0.4IS 

0.288 

0.030 

0 088 

0.118 

0 180 

0.127 

0.023 

12 

0.499 

0.354 

0.041 

0.106 

0. 147 

0.235 

0 160 

0 032 

i 

0.473 

0.338 

0.03s 

0.100 

0.135 

0.225 

0.150 

0.028 

0.577 

0 410 

0.048 

0.123 

0.171 

0 251 

0 176 

0.032 


0.548 

0.380 

0.040 

0.116 

0.156 

0.241 

0.166 

0 028 

A 

0 721 

0.511 

0.060 

0.153 

0.213 

0.295 

0.224 

0 032 


0 687 

0.477 

0.051 

0.145 

0.196 

0 285 

0 214 

0 028 

1 

0.864 

0.6I2 

0.071 

0. 183 

0.254 

0.351 

0 251 

0.045 


0 826 

0.574 

0.061 

0.175 

! 0.236 

0 3H 

0 241 

0 041 

A 

1.006 

0.712 

0.082 

1 0.212 

: 0.294 

0 .369 

0.266 

0 04s 

i 

0 964 

0.670 

0.072 

0.204 

0.276 

0.359 

0.256 

0 041 

1.149 

0.814 

0.094 

1 <>.243 

0.337 

0.386 

0.281 

0.045 


I . lOI 

0.766 

0.082 

0.233 

0.315 

1 

0.376 

0.271 

0.041 
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Tap-End Stud Bolt^ 


< .—- 

L .> 

Jc 

iii 

Mllllll 

nil 

D 

cA 
<A > 


U-c 

k - B ■" >1 



Tap Nuf 

end end 


Dimensions 

D ■= nominal size or diameter of stud bolt. 

L length of stud bolt over all. 

A “ length of thread on tap end «= P -f i inch, and is measured from the 
end of the stud to the end of the imperfect thread. 

“ length of unthreaded portion or shoulder = D, except for stud bolts 
shorter than 4P -f j inch (see following note). 

B ■■ length of thread on nut end ^ L — (A A- S) with a minimum of 
2D + J inch and is measured from the end of the stud to the end of the 
imperfect thread. 

Where L is less than 4D + i inch, which equals A + 5 + B (minimum), 
the shoulder len§:th S may be decreased or eliminated entirely in order to 
retain B at its minimum length of 2D i inch. 

For very short studs, where the shoulder has been eliminated, B may be 
decreased belbw 2D -f i inch, as required, but A should be retained at its 
full length, D -f- i inch. 

Where L is greater than 4D -{- i inch, B shall equal L — {A 4 * 5 ), or, in 
other words, the balance of the stud not consumed by A, the tap-end thread¬ 
ing {A =“ D ■+• i), and S, the shoulder length {S =» D). 

C “ length of imperfect threads and shall not exceed 2\ threads. 

“ F'‘-points shall be chamfered on tap end, and round point on nut end. 

Threads 

Nut-end threads shall be American Standard. 

Tap-end threads shall be American Standard form with wrench- 
tight fit. 

Recommended Order for Specifying Dimensions 

To avoid possible misunderstanding when specifying dimensions 
of tap-end stud bolts, it is recommended that they be given in the 
following order: 

a. For standard tap-end stud bolts —D X L, 

b. For special tap-end stud bolts —D X L X A X B. 

> Adopted by American Institute of Bolt, Nut, and Rivet Manufacturers, 
April, 193s. 
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Double-End Stud Bolt 


(Rod) 



D “ nominal size or diameter of stud bolt. 

L “ length of stud bolt over all. 

B » length of thread, both ends. = 2 D + i inch, and is measured from 
the end of the stud to the end of the imperfect thread. 

S * length of unthreaded portion or shoulder = L — ( 4 D J inch) and 
will vary with the length L. 

C “ length of imperfect threads and shall not exceed 2 i threads. 

" F "-points on both ends shall be round. 

THRf:ADS 

The threads on both ends shall be American Standard. 

Recommended Order for Specifytn(j Dimensions 

a. For standard double-end stud bolts— D X L. 

b. For special double-end stud bolts— D X L X B. 





Table i6.—Tap-Drill Sizes and Dimensions of Machine Screw Heads 

Fine- and Coarse-thread Series Standard 
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d 

1 

d 

T 
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00 

c 

d 
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H 

0 

00 
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0 

O' 

H 

0 

s 

d 

8 

d 

Tap-Drill Sizes 

65 to 70 
Per Cent 
of Full 
Thread 

Bronze 

Tool Steel 
Drop 
Forging 
Stainless 
Steel 

Cast Steel 
Nickel 
Copper 

fO 

0 

3 

fO 

0 

to 

0 

>0 

10 

vO 

0 

3 

ct 

to 

to 

0 

0 

fO 

to 

0 

r^ 

0 

3 

i 

■o' 

0 

0 

0 

to 

3 

§ 

3 

0 

■«r 

1 

3 

■q 

3 

"to 

8 

3 

5 

'0 

N 

3 

ro 

3 

70 to 75 
Per Cent 
of Full 
Thread 

Mild Steel 
Aluminum 
Cast Iron 
Cast Brass 

fO 

0 

s 

ro 

0 

'n 

to 

0 

3 

to 

to 

O' 

to 

0 

3 

to 

'to 

O' 

to 

0 

3 

•o 

to 

'fO 

1 

■o' 

0 

3 

0 

to 

0 

to 

T 

'to 

00 

1 

3 

M 

■e- 

1 

3 

0 

ro 

0 

3 

t- 

rO 

S' 

3 

< 

75 to 80 
Per Cent 
of Full 
Thread 

Sheet Brass 
Sheet 

Nickel 

Babbitt 

Dural 

Fiber 

White 

Metal 

Hard 

Rubber 

% 

0 

d 

0 

0 

0 

3 

0 

to 

V) 

O' 

to 

a 

R 

'to 

to 

0 

d 

to 

'0 

0 

3 

0 

to 


% 

3 

sO 

->1: 

8 

0 

3 

5 

1 

3 

5 

0 

3 

S 

'to 

0 

3 

S 

3 

'0 

3 

nna 

'cT 

to 

»o 

to 

-8 

^1 

lO 

^lO 

0 

3 

0 

3 


0 

5 

i 

o' 

(M 

3 

fO 

% 

3 

8 

'«r 

3 

MSJOg JO J 9 J 9 

t- 

0 

0 

0 

fO 

r- 

0 

d 

d 

§ 

d 

<N 

d 

2 

d 

s 

d 

l|DUI J 9 d 

spB 9 jqx 


<8 

N 

0 

'O 

•0 

to 

0 

to 

% 

<5^ 


5 

0 

■e- 

0 


Mdjog |0 dzig 

8 

1 

M 

W fO 



<0 





. , . 29(0.136) 29(0.136) 28(0.1405) , „ , 

0 .i 64 17(0.173) 29 (o 136) - 29 (o 136) - 28 (o 1405) o.no 0.040 0.054 0.320 0.090 0.040 0.040 0.298 0.114 0.040 0.067 

, . 21(0.159) I 20(0.161) 19(0.166) - , T , 

0.190 7 (o.2or) .... \ 0.305 0.128 0.040 0.061 0.372 0.104 0.040 0 047 0.346 0.133 0.040 0.076 
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Hanger Bolts 


Hanger Bolts—Plain or Ribbed Shoulder 

(In Inches) 


JL 

D 


B ->t<. T 


* 


.> 

.y 


Plain shoulder 



Ribbed shoulder 


D 

L 

B 

T 

5 

R 

Nominal 
Diameter 
of Bolt 

Over-all 
Length 
of Bolt 

Bolt 

Thread* 

Length 

Lag 

Thread t 
Length 

Length of 
Shoulder 
Ribbed 
or Plain 

Length t 
of Ribs 


2 to 2j 

1 

Lag end of 


A 

t jnch to i 

2 \ to 3 

i 

bolt shall be 

1 

K 

3 i to 3f 

i 

threaded 

1 

A 

inch inclu¬ 

4 to 4| 

from end to 

1 


sive 

5 to Sj 

6 to 6 ^ 
Above 6jt 

a 

i\ 

shoulder 
(see Note). 

I 

If 



* American Standard coarse-thread series—threaded to shoulder, 
t Form of lag thread shall be in accordance with page 702. 
i On the ribbed-shoulder type, the length of ribs R is included in the 
length of shoulder. 


Continuous-Thread Stud Bolt 
(Flange Stud) 



Dimensions 


D ■■ nominal size or diameter of stud bolt. 

L ■■ length of stud bolt over all. 

“ y’’-Points on both ends shall be chamfered, 

Threads 

The threads shall be American Standard and continuous from end 
to end. 

Recommended Order for Specifying Dimensions 
To avoid possible misunderstanding when specifying dimensions 
of continuous-ti! read stud bolts, it is recommended that they be 
given in the following order —D X L. 










WRENCH OPENINGS 669 

STANDARD SIZES OF WRENCH HEAD BOLTS AND NUTS 
AND WRENCH OPENINGS 

Proposed by the A.S.A., A.S.M.E., and S.A.E., May, 1930. 

These standards are intended for general use by all industries to 
replace the various existing standards now in use. 

These tables are believed to be acceptable to various industries 
and will cause little disturbance of present practice. Wherever 
possible, the U. S. standard sizes of bolt heads and nuts have been 
reduced to some existing shop standard after giving consideration 
to theoretical analysis of stresses in bolts and nuts and making tests 
of samples. Deviations from theoretical sizes have been made in 
order to keep the number of wrench openings small and to conform 
to manufacturing processes. The greatest possible tolerances have 
been allowed but will usually be much less in practice. 

The number of wrench openings required have been reduced 
through simplication of outside dimensions of bolt heads and nuts 
and elimination of sizes little used. This has caused deviations 
from results calculated by formulas for sizes of bolt heads and nuts 
due to eliminating the thirty-seconds from all sizes. 

The sizes of holt heads and nuts arc intended to supersede all existing 
standards which have grown up for commercial standard holt heads 
and nuts. 

It will be noted that the maximum sizes of both finished and 
rough products are the same, so that wrenches are applicable inter¬ 
changeably to either class of bolt head or nut. In all cases the 
nominal or basic widths across flats of bolt heads and nuts have been 
taken as maximum sizes, and the tolerances on bolt heads and nuts 
are minus only. 

The minimum wrench openings provide a positive clearance 
between maximum nut and minimum wrench and the tolerances 
on wrench openings are plus only. This insures a fit of the wrench 
to the bolt head and nut. The tolerance allowed the wrench 
manufacturer has been made as great as is possible without causing 
the deformation of the corners of bolt heads or nuts. The number 
of wrench openings is reduced. 
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Table 17.—Rough and Semi-finished Square and Hexagonal 
Regular Bolt Heads 


(All Dimensions in Inches. D = Diameter of Bolts) 


Diameter 
of Bolt 

D 

Width across 

Flats 

Minimum 
Width across 
Comers 

Height 

Maximum 

Mini¬ 

mum 

Hex¬ 

agon 

jsquare 

Nomi-j 

nal 

Maxi¬ 

mum 

Mini¬ 

mum 

i 

0 . 2 S 00 

i 

0.3750 

0.363 

0.414 

0.498 


0.188 

0.156 

•)T 

o. 3 ias 

i 

0.5000 

0.484 

0.552 

0.66s 

4 } 

0.220 

0.186 

i 

0 . 37 S 0 

h 

0.5625 

0.544 

0.620 

0.747 

t 

0.268 

0.232 

iV 

0.437s 

i 

0.6250 

0.603 

0.687 

0.828 

u 

0.316 

0.278 

t 

o.sooo 

1 

0.7500 

0.72s 

0.827 

0.995 


0.348 

0.308 

A 

0.5625 

i 

0.8750 

0.847 

0.966 

1.163 

4 

0.396 

0.354 

f 

0.6250 


0.9375 

0.906 

1.033 

1.244 

It 

0.444 

0.400 

i 

0 . 7 S 00 

It 

I.1250 

1.088 

1.240 

1.494 

t 

0.524 

0.476 

} 

0.8750 

IA 

I.3125 

1.269 

1.447 

1.742 

it 

0.620 

0.568 

I 

I.0000 

It 

1.5000 

I1.4SO 

1.653 

1.991 

tt 

0.684 

0.628 

li 

1.1250 

lii 

1.6875 

1.631 

1.859 

2.239 

i 

0.780 

0.730 


1.2500 

1 } 

1.8750 

1.813 

2.067 

2.489 

n 

0.876 

0.812 

It 

1.5000 

2i 

2.2500 

2.175 

2.480 

2.986 

I 

1.036 

0.964 

li 

1.7500 

2I 

2.6250 

2.538 

2.893 

3.48s 

lA 

1.196 

1.116 

2 

2.0000 

3 

3.0000 

2.900 

3.306 

3.982 

iH 

1.388 

1.300 

2j 

2.2500 

3 l 

3.3750 

3.263 

3.720 

4.480 

it 

1.548 

1.452 

3 t 

2.5000 

3 i 

3.7500 

3.62s 

4.133 

4-977 

lih 

1.708 

1.604 


2.7500 

4 t 

4.1250 

3.988 

4.546 

5-476 

lA 

1.88s 

1.773 

3 

3.0000 

4 t 

4.5000 

4-350 

4.959 

5-973 

2 

2.060 

1.960 


Formulas 

Width across flats of rough and semifinished regular bolt heads shall be 
li D with adjustments in the iVinch sizes to eliminate ^^-inch size wrench 
openings. 

Tolerance for width across flats shall be minus 0.05 D. 

Minimum width across rounded corners of hexagon equals 1.14 times 
minimum width across flats. 

Height of head shall be f D. 

The top of bolt head shall be flat and chamfered, angle of chamfer with 
top surface 30 degrees for hexagon heads and 25 degrees for square heads; 
Qi&nictcr of top flat circle shall be loo per cent of the nominal width across 
flats. 

Tolerance on top flat circle shall be minus 15 per cent. 

Rough and semifinished regular bolt heads shall be at right angles to the 
body within 3 degrees and concentric with the body within a tolerance of 
3 ^r cent of the distance across flats. 

Width across flats shall be measured at the bottom of the bolt head. 
Taper of sides of bolt heads shall not exceed 4 degrees. 

Minimum width across rounded comers of square equals 1.373 times 
minimum width across fiats. 
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Table 18.—Dimensions of Regular Bolt Heads 
Semifinished, Hexagon. All Dimensions in Inches 


Nominal Size 
or Basic Major 
Diameter of 
Thread 

Width across 

Flats 

Width 

across 

Corners 

Height 

Maximum 

(Basic) 

Mini¬ 

mum 

Mini¬ 

mum 

Nomi¬ 

nal 

Maxi¬ 

mum 

Mini¬ 

mum 

1 

4 

0.2500 


0.3750 

0.362 

0.413 

A 

0.172 

0.140 

A- 

0.3125 

i 

0.5000 

0.484 

0.552 

A 

0.205 

0.171 

1 

0-3750 

9 

0.5625 

0.544 

0.620 

H 

0.252 

0.216 

A 

0.4375 

1 

0.6250 

0.603 

0.687 

A 

0.300 

0.262 

J 

0.5000 

i 

0.7500 

0.725 

0.826 


0.317 

0.277 

9 

0.5625 

i 

0.8750 

0.847 

0.966 


0-365 

0.323 

1 

0.6250 

a 

0.9375 

0.906 

1-033 

n 

0.413 

0.369 

1 

0.7500 

li 

1.1250 

I .088 

1.240 


0.493 

0.445 

1 

0.8750 

lA 

1.3125 

I . 269 

1.447 

A 

0.589 

0-536 

I 

I.0000 


I.5000 

1.450 

1-653 


0.622 

0.566 

li 

I.1250 


1.687s 

1.631 

1.859 


0.718 

0.658 

li 

I.2500 

If 

1.8750 

1.812 

2.066 


0.813 

0.749 

i| 

1-3750 

2A 

2.0625 

1.994 

2.273 

a 

0.878 

0.810 


I.5000 

2i 

to 

0 

0 

2.175 

2.480 

n 

0.974 

0.902 

4 

1.6250 ! 

2A 

2-4375 

2 356 

2.686 

1A 

1.069 

0.993 

li 

1.7500 

2| 

2.6250 

2-538 

2.893 

1A 

I-134 

1.054 

i-J 

1-8750 1 

2H 

2.8125 

2.719 

3.100 

1A 

1.230 

1. 146 

2 

2.0000 

3 , 

3 ,CKX )0 

2.900 

3-306 

I A 

1.263 

1-175 

2? 

2.2500 

3 i 

3-3750 

3.262 

3-719 

if 

1-423 

1.327 

A 

2.5000 

3 f 

3.7500 

3-625 

4-133 

1 3 T 

1-583 

1.479 

2i 

2.7500 

4 i 

4.1250 

3.988 

4-546 

lU 

1.744 

1.632 

3 

3.0000 

4I 

4.5000 

4-350 

4-959 

I? 

1-935 

1.815 


A.S.A. Standard, March, 1940. 

Regular bolt heads are for general use. 

Semifinished bolt heads are finished under head. 

Taper of the bolt heads (angle between one side and the axis) shall not 
exceed 2 degrees, the specified width across flats being the largest dimension. 

Top of bolt heads shall be flat and chamfered: angle of chamfer with top 
surface shall be 30 degrees; diameter of top circle snail be the maximum width 
across flats, within a tolerance of minus 15 per cent. 

Bearing surface shall be plain or washer faced. The thickness of the 
washer face shall be A inch included in the head height and diameter of the 
washer face shall be the maximum width across flats within a tolerance of 
minus 5 per cent. 

Beanng surface shall be at right angles to the axis of the body of the bolt 
within a tolerance of 2 degrees tor i-inch bolts, or smaller, and i degree for 
bolts larger than i inch and concentric with the axis of the body within a 
tolerance of 3 per cent of the maximum width across flats. 

Maximum radius under head of bolt for sizes i to i inch shall be A*, for 
sizes A to I inch shall be A I tor sizes to 2 inches shall be for sizes 2I to 
3 inches shall be A- 

Finished regular bolt heads when specified shall be made to the dimen¬ 
sions and tolerances given for the seminnished proaucti degree and character 
of finish to be specified in each case. 
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Table 19.—Finished Hexagonal Cap Screw Heads 
(All Dimensions in Inches. D == Diameter of Bolts) 


Diameter 

Width across 

Flats 

Mini¬ 

mum 

Height 

of Screw 

D 

Maximum 

Mini¬ 

mum 

Width 

across 

Comers 

Nomi¬ 

nal 

Maxi¬ 

mum 

Mini¬ 

mum 

l 

0.2500 

A 

0.4375 

0.428 

0. 488 

A 

0. 194 

0.181 

fs 

0.3125 

i 

0.5000 

0.489 

0.557 


0. 242 

0.227 

i 

0.3750 

A 

0.5625 

0.551 

0.628 

A 

0. 289 

0.273 

A 

0-4375 

1 

0.6250 

0.612 

0.698 


0.337 

0.319 

i 

0.5000 

i 

0.7500 

0-737 

0. 840 

t 

0.385 

0.365 

fs 

0.5625 

P 

0.8125 

0.798 

0. 910 

a 

0.433 

O.411 

I 

0.6250 

i 

0.8750 

0.860 

0.980 


0.481 

0.457 

i 

0.7500 

I 

I.0000 

0.983 

1.121 

TS 

0.576 

0.549 

i 

0.8750 

ij 

I.1250 

I. 106 

1.261 

P 

0.672 

0.641 

I 

I.0000 

I A 

1-3125 

1.292 

1.473 

1 

0. 768 

0-733 

li 

I.1250 

I J 

I.5000 

1.477 

1.684 

a 

0.863 

0.824 

li 

1.2500 

liJ 

1.6875 

1.663 

1.896 

a 

0.959 

0.916 

i 


Formulas 


Width across flats of cap screw heads shall be as follows: 

Diameter of Bolt Width across Flats 

i to D A 

I to f D 4 - I 

I + A 

If £> + I 

4 I) + A 


Tolerance for width across flats shall be minus o.ois D plus 0.006. 

Height of heads shall be } D. 

Tolerance for height of heads shall be 0.030 D + 0.005. 

Minimum width across rounded corners of hexagon equals 1.14 times 
minimum width across flats. 

The finished top shall be flat and chamfered, angle of chamfer with top 
surface 30 degrees, diameter of top flat circle shall be 100 per cent of the 
nominal width across flats. 

Tolerance in diameter of top flat circle shall be minus 15 per cent. 

Cap screw heads shall be at right angles to the body within 2 degrees and 
concentric with the body within a tolerance of 3 per cent of the distance 
across the flats. 

All cap screws shall be washer faced. The height of the head shall be the 
distance from top of head to bearing surface. The thickness of washer 
face shall be ^ inch. The bearing surface of washer face shall be 100 per 
cent of the nominal width across flats. 

Tolerance in diameter of circle of washer face shall be plus or minug 
5 per cent. 
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Table 20.—-Set Screw Heads—Square' 

(All Dimensions in Inches. D = Diameter of Bolts) 


Diameter 

Width across Plats 

- •-- 

Height 

of Screw 

D 

Maximum 

Mini¬ 

mum 

Nomi¬ 

nal 

Maxi¬ 

mum 

Mini¬ 

mum 

i 

0.2500 

i 

0.2500 

0.241 1 

A 

0.197 

0.179 

A 

0-3125 

A 

0.3125 

0.302 


0.245 

0. 224 

i 

0.3750 

1 

0.3750 

0.362 

A 

0.293 

0.270 

A 

0.4375 

A 

0.4375 

0.423 

H 

0.341 

0.315 

i 

0.5000 

i 

0.5000 

0.484 

1 

0.389 

0.361 

A 

0.5625 

A 

0.5625 

0.545 

H 

0.437 

0.407 

f 

0.6250 

1 

0.6250 

0.607 

H 

0.485 

0.452 


0.7500 

i 

0.75C0 

0.729 

A 

0.582 

0.544 

i 

0.8750 

i 

0.8750 

0.852 


0.678 

0-635 

1 

I .0000 

I 

I.0000 

0.974 

3 

4 

0.774 

0.726 

li 

I.1250 

li 

1.1250 

1.097 

u 

0.870 

0.817 

li 

I.2500 


I.2500 

1.219 


0.967 

0.909 

ij 

I.5000 

ij 

1.5000 

1.464 

4 

I -159 

1.091 


Formulas 

Width across flats of set screw heads shall be equal to diameter of 
screw (D). 

Tolerance for width across flats shall be minus 0.020 D -f 0.006 (except 
for i and A). 

Height of set screw heads shall be } D. 

Width of neck under head to be not over 2 times the pitch of the thread. 

The radius of the crown of the head is to be 2 i D. 

When head is not necked, it must be beveled not more than 40 degrees 
under the head. 

Minimum width across rounded comers of square equals 1.373 times 
minimum width across flats. 
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Table 21.—Dimensions of Regular Nuts and Regular Jam 

Nuts 

Unfinished, Square and Hexagon (Jam Nuts, Hexagonal Only). 
All Dimensions in Inches 


Nominal 
Size or 
Basic Major 
Diameter 
of Thread 

Width across 
Flats 

Thickness Regular 
Nuts 

Thickness Regular 
Jam Nuts 

1 

Maximum 

(Basic) 

Mini¬ 

mum 

Nomi¬ 

nal 

Maxi¬ 

mum 

Mini¬ 

mum 

Nomi¬ 

nal 

Maxi¬ 

mum 

Mini¬ 

mum 

i 

0.2500 

A 

04375 

0 

425 

A 

0, 

235 

0, 

203 

A 

0. 

172 

jO 

140 

A 

0.3125 

16 

0.5625 

0 

547 

a 

0, 

283 

0. 

249 

A , 

0, 

204 

0 

170 

t 

0.3750 

5 

fi 

0.6250 

0 

606 


0, 

346 

0. 

310 

A 

0. 

237 

0 

201 


0.437s 

3 

4 

0.7500 

0 

728 

1 

0. 

394 

0. 

356 

* 

0. 

269 

0 

231 

1 

2 

0.5000 


0.8125 

0 

788 

A 

0, 

45 *^ 

0. 

418 

A 

0, 

332 

0 

292 

P 

0.5625 

7 

I 

0.8750 

0 

847 

f 

0. 

521 

0. 

479 

if 

f 

0, 

36s 

0 

323 

1 

0.6250 

I 

1.0000 

0 

969 


0, 

569 

0, 

525 

0, 

397 

0 

353 

f 

0.7500 

if 

1.1250 

I 

088 


0, 

680 

0, 

632 

A 

0, 

462 

0 

414 

J 

0.8750 

lA 

1-3125 

I 

269 

P 

0, 

792 

0, 

74 oj 

f 

0, 

526 

0 

474 

I 

1.0000 

if 

1.5000 

I 

450 


0, 

903 

0, 

847 


0, 

590 

0 

534 

li 

1.1250 


1.6875 

I 

631 

I 

I, 

030 

0. 

970 


0, 

655 

0 

595 

li 

1.2500 


1.8750 

I 

812 


I, 

126 

I . 

062 

i 

0, 

782 

0 

718 

if 

1.3750 


2.0625 

I 

994 

iH 

I. 

237 

I . 

169 

fi 

0, 

846 

0 

778 


1.5000 


2.2500 

2 

175 

lA 

I , 

348! 

I . 

276 

8 

0, 

911 

0 

839 

if 

1.6250 

2A 

24375 

2 

356 

iff 

I, 

460 

I , 

384 

Itf 

0, 

976 

0 

900 

if 

1.7500 

2| 

2.6250 

2 

538 

ifi 

I. 

571! 

I . 

491 

I 

I , 

040 

0 

960 

if 

1.8750 

2U 

2.8125 

2 

719 

ifi 

I , 

683 

I , 

599 

lA 

I , 

104 

I 

020 

2 

2.0000 

3 , 

3.0000 

2 

900 

i if 

I , 

794 

I . 

706 

if 

I . 

169 

I 

081 

2i 

2.2500 

38 

3-3750 

3 

262 

1 Iff 

2 , 

017 

I . 

921 


I , 

298 

I 

202 

2i 

2.5000 

3 f 

3-7500 

3 

625 

2A 

2 , 

240 

2 , 

136 

if 

I, 

552 

I 

448 


2.7500 

41 

4.1250 

3 

988 

2|| 

2, 

462' 

2 . 

350 

4 

I, 

681 

I 

569 

3 

3.0000 

4 f 

4.5000 

4 

350 

2I 

2 , 

685 

2 , 

56s 

if 

I, 

810 

I 

690 


A.S.A. Standard, March, 1940. 

Regular nuts are for general use. 

Unfinished nuts are not finished on any surface but are threaded. 

Taper of the sides'of nuts (angle between one side and the axis) shall not 
exceed 2 degrees, the specified width across flats being the largest dimension. 

Tops of nuts shall be flat and chamfered or (except in jam nuts) washer 
crowned. For flat and chamfered nuts the angle or chamfer with the top 
surface shall be 25 degrees for sfiuare and ^0 degrees for hexagon; diameter of 
the top circle shall be the maximum width across flats within a tolerance of 
minus 15 per cent. 

Bearing surface shall be at right angles to the axis of the threaded hole 
within a tolerance of 3 degrees tor i-inch nuts or smaller and 2 degrees for 
nuts larger than i inch. 
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Table 22.—Dimensions of Regular Nuts and Regular Jam 

Nuts 

_ Semifinished, Hexagon. All Dimensions in Inches _ 


Nominal Size or 

Width 

across 

Corners 

Thickness Regular Nuts 

Thickness Regular 
Jam Nuts 

Basic Major 

















1 nreaa 

Mini- 

Nomi- 

Maxi- 

Mini- 

Nomi- 

Maxi- 

Mini- 



mum 

nal 

mum 

mum 

nal 

mum 

mum 

1 

4 

0.2500 

0.48s 


0.219 

0. 187 

A* 

O.IS 7 

0.125 

5 

16 

0.3^25 

0.624 

1 

4 

0. 267 

0.233 


0.189 

0.15s 

i 

0.3750 

0.691 

IT 

0.330 

0.294 


0.221 

0.185 


0 - 437 S 

0.830 


0.378 

0.340 


0.253 

0.215 

1 

2 

0.5000 

0.898 

n 

0.442 

0.402 

19 

64 

0.317 

0.277 

9 

16 ' 

0.5625 

0.966 

IX 

64 

0.505 

0.463 

li 

0.349 

0.307 

5 

8 

0.6250 

I . 104 


0.553 

0.509 

U 

0.381 

0-337 

3 

4 

0.7500 

1 . 240 


0.665* 

0.617 


0.446 

0.398 

7 

8 

0.8750 

1-447 

i 

0.776 

0.724 

3 JL 

64 

0.510 

0.458 

I 

I .0000 

1.653 

1 

0.887 

0.831 

li 

0-575 

0.519 

I 3' 

I.1250 

1.859 

0.999 

0.939 


0.639 

0.579 

li 

I.2500 

2.066 


1.094 

1.030 


0.751 

0.687 

I? 

1-3750 

2.273 


I . 206 

1.138 


0.815 

0.747 

l2- 

I.5000 

2.480 

IA 

1.317 

1-245 


0.880 

0.808 


I.6250 

2.686 

III 

1.429 

1-353 

|| 

0.944 

0.868 

l| 

I . 7500 

2.893 

li 

I.S 40 

1.460 

I2 

1.009 

0.929 

is- 

1.8750 

2.100 


1 1.651 

1-567 

I A 

1-073 

0.989 

2 

2.0000 

3-306 

Iff 

1.763 

1-675 

i-h 

1.138 

1.050 

2? 

2.2500 

3-719 


1.970 

1.874 

^ it 

I.251 

1-155 

22- 

2.5000 

4.133 


2.193 

2.089 

lit 

1.505 

1.401 

2 4 

2.7500 

4-546 


2.4T5 

2.303 


1.634 

1.522 

3 

3.0000 

4-959 


2.638 

2.518 

lii 

1-763 

1.643 


A.S.A. Standard, March, 1940. 

Width across flats same as in Table 21. 

Regular nuts are for general use. 

Semifinished nuts are finished on bearing surface and threaded. 

Taper of the sides of nuts (angle between one side and the axis) shall not 
exceed 2 degrees, the specified width across flats being the largest dimension. 

Tops of nuts shall be flat and chamfered; angle or chamfer with the top 
surface shall be 30 degrees; diameter of top circle shall be the maximum 
width across flats within a tolerance of minus 15 per cent. 

Bearing surface shall be washer faced or with chamfered corners. Thick¬ 
ness of the washer face shall be A inch included in the nut thickness: and 
diameter of washer face shall be the maximum width across flats within a 
tolerance of minus 5 per cent. 

Bearing surface shall be at right angles to the axis of the threaded hole 
within a tolerance of 2 degrees for i-inch nuts or smaller and i degree for 
nuts larger than i inch. 

Finished regular nuts when specified shall be made to the dimensions given 
for the semifinished product; degree and character of finish to be specified 
in each case. 
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Table 23.—Dimensions of Heavy Nuts and Heavy Jam Nuts 
Unfinished, Square and Hexagon (Jam Nuts, Hexagonal Only). 
All Dimensions in Inches 


Nominal 
Size or 
Basic Major 
Diameter of 
Thread 

Width across Flats 

Thickness Heavy 
Nuts 

Thickness Heavy 
Jam Nuts 

Maximum 

(Basic) 

Mini¬ 

mum 

Nomi¬ 

nal 

Maxi¬ 

mum 

Mini¬ 

mum 

Nomi¬ 

nal 

Maxi¬ 

mum 

Mini¬ 

mum 


0.2500 

i 

0.5000 

0 

488 

i 

0.266 

0 

234 

•ft 

0. 204 

0. 

172 

A 0-3125 


0-5938 

0 

578 

A 

0.330 

0 

296 

ft 

0. 236 

0. 

202 

1 

0 - 37 SO 

tt 

0.6875 

0 

669 

If 

0.393 

0 

357 

i 

0.268 

0 

232 


0-4375 


0.7812 

0 

759 


0.436 

0 

418 

ft 

0.300 

0. 

262 

i 

0.5000 

i 

0.8750 

0 

850 

h 

0.520 

0 

480 

ft 

0.332 

0. 

292 

A 

0.5625 


0.9375 

0 

909 

P 

0.584 

0 

542 


0-365 

0. 

323 

i 

0.6250 


1.0625 

I 

031 

4 

0.647 

0 

603 

1 

0.397 

0 

353 

1 

i 

0.7500 

li 

1.2500 

I 

212 

4 

0.774 

0 

726 

ft 

0.462 

0 

414 

i 

0.8750 


1-4375 

I 

394 

4 

0.901 

0 

849 

i 

0.526 

0 

474 

I 

1.0000 

If 

1.6250 

I 

575 

I 

1.028 

0 

972 

ft 

0.590 

0 

534 

ti 

1.1250 


1.8125 

I 

756 

li 

1.155 

I 

093 

1 

i 

0-655 

0 

.S 95 

li 

1.2500 

2 

2.0000 

I 

938 

li 

1.282 

I 

218 

0.782 

0 

718 


1-3750 


■2.1875 

2 

I 19 

if 

1.409 

I 

341 

a 

0.846 

0 

778 

4 

1.5000 

2i 

2.3750 

2 

300 

li 

1.536 

I 

464 

1 

0.911 

0 

839 

4 

1.6250 


2.5625 

2 

481 

if 

1.663 

I 

387 

H 

0.976 

0 

900 

li 

1.7500 

2i 

2.7500 

2 

662 

li 

1.790 

I 

710 

I 

1.040 

0 

960 


1.8750 


2.9375 

2 

844 

4 

I.917 

I 

833 

ift 

1.104 

I, 

020 

2 

2.0000 

si 

3.1250 

3 

025 

2 

2.044 

I 

956 

li 

1.169 

I 

081 

2i 

2.2500 

si 

3.5000 

3 

388 

2i 

2.298 

2 

202 

li 

1.298 

I 

202 

2I 

2.5000 

si 

3-8750 

3 

750 

2I 

2.552 

2 

448 

li 

1.552 

I, 

448 

2i 

2.7500 

4 i 

4.2500 

4 

II 2 

2i ' 

2.806 

2 

694 

if 

1.681 

I 

569 

3 

3.0000 

4 f 

4.6250 

4 

475 

3 ; 

3.060 

2 

940 

If 

1.810 

I 

690 

si 

3.2500 


5.0000 

4 

838 

3 i 

3.314 

3 

186 

if 

1.939 

I 

811 

3 i 

3.5000 

5I 

S-3750 

5 

200 

3 i 

3-368 

3 

432 

2 

2.068 

I 

932 

si 

3-7500 

ft 

5.7500 

5 

562 

3 i 

3.822 

3 

678 

2i 

2.197 

2 

053 

4 

4.0000 


6.1250 

5 

925 

4 

4.076 

3 

924 

2} 

2.326 

2 

174 


A.S.A. Standard, March, 1940. . 

Heavy nuts are for use where greater bearing surface is necessary. 

Unfinished nuts are not finished on any surface but are threaded. 

Taper of the sides of nuts (angle between one side and the axis) shall not 
exceed 2 degrees, the specified width across flats being the largest dimension. 

Tops of nuts shall be flat and chamfered or (except jam nuts) washer 
crowned. For flat and chamfered nuts the angle of chamfer with the top 
surface shall be 25 degrees for square and 30 degrees for hexagon; diameter 
of the top circle shall be the maximum width across flats within a tolerance of 
minus 15 per cent. 

Bearing surface shall be at right angles to the axis of the threaded hole 
within a tolerance of 3 degrees for i-inch nuts or smaller and 2 degrees for 
nuts larger than i inch. 
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Table 24.—Hexagonal and Square Machine-Screw Nuts and 
Stove-Bolt Nuts 

(All Dimensions in Inches. D = Diameter of Bolts) 


1 

Diameter 
of Screw 

D 

Width across Flats 

Width 

across 

Comers 

of 

Hexa¬ 

gon 

Thickness 

Maximum 

Mini¬ 

mum 

Mini¬ 

mum 

Nomi- 1 

1 

Maxi¬ 

mum 

Mini¬ 

mum 

No. 

0 

0.0600 

A 

0.1562 

0.150 

0.171 

1 ^ 

0.050 

0.043 

No. 

I 

0.0730 

A 

0.1562 

0.150 

0. 171 

A 

0.050 

0.043 

No. 

2 

0.0860 

A 

0.1875 

0.180 

0. 205 

iV 

0.066 

0.057 

No. 

3 

0.0990 

A 

0.1874 

0.180 

0.205 

A 

0.066 

0.057 

No. 

4 

0. 1120 

i 

0.2500 

0. 241 

0.275 

A 

0.098 

0.087 

No. 

5 

0.1250 

A 

0.3125 

0.302 

0.344 

A 

0.114 

0.102 

No. 

6 

0.1380 

A 

0.312s 

0.302 

0.344 

A 

0.114 

0.102 

No. 

8 

0.1640 


0.3437 

0.332 

0.378 

i 

0.130 

0.117 

No. 

10 

0.1900 

i 

0.3750 

0.362 

0.413 

i 

0.130 

0.117 

No. 

12 

0.2160 

A 

0.4375 

0.423 

0.482 

A 

0.161 

0.148 


1 

i 

0.2500 

A 

0 - 437 S 

0.423 

0.482 

A 

0.193 

0.178 


A 

0.3125 

p 

0.562s 

0.54s 

0.621 

A 

0.225 

0. 208 


i 

0.3750 

\ 

0.6250 

0.607 

0.692 

i 

0.257 

0.239 


Formulas 

Width across flats of machine screw and stove-bolt nuts shall be as follows; 
diameter of screw i to f inch; width across flats — i§ D + t?ii inch» with 
adjustments in the i^-inch sizes to eliminate A-inch-size wrench openings. 

Minimum width across rounded corners oi square equals 1.373 times 
minimum width across flats; of hexagon 1.14 times minimum. 









Table 25.—Open-End Wrench Openings for Regular, Heavy- and Light-Series Bolts and Nuts 

All Dimensions in Inches 


Nominal Bolt Diameter OO 

BOLTS, N 

% i 

UTS, AND SCREWS 

H ro >o 

... 

000 

d -ts ^ 

0 12; ^ 

odd 

Set 

Screws 

: ^ ^ h- ^ ^ 

Cap 

Screws 

: : : : : h: h- : 

Light 

Series 

Nuts, 
Jam Nuts, 
Castle 
Nuts, and 
Slotted 
Nuts 

: : : : : :h. ; : 

Heavy 

Series 

Bolts, 
Nuts, Jam 
Nuts, 
Slotted 
Nuts. 
Un¬ 
finished, 
Semi¬ 
finished, 
and 

Finished 


Regular Series 

Nuts, 
Jam Nuts, 
and 
Slotted 
Nuts, Un¬ 
finished, 
Semi¬ 
finished, 
and 

Finished 

; : ; : : : «i- :r.^ ; : 

Bolts, 

Un¬ 

finished, 

Semi¬ 

finished, 

and 

Finished 



Wrench Openings 

Maxi¬ 

mum 

ro N ro n-vO 0 fO O fO n-O OOPO vjh-Nr-i-irtr' 
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mum 
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00000 000000 000000 MHHHMHH 

Allowance 
between 
Bolt Head 
or Nut 
and Jaws 
of Wrench 

NNWroro T}-ii0<i0>O O >0 t- t-QO oO oO 

ooooo oooooo oooooo ooooooo 
ooooo oooooo oooooo ooooooo 

ooooo oooooo oooooo ooooooo 

Nominal 
Size of 
Wrench, 
also Basic or 
Maximum 
Width 
across Flats, 
Bolt Heads, 
and Nuts 

N «o o moo omomwo mo''<mom 0m00m0'« 

Oi'ONPO mt^ONPOm oNmoNmt' 

lOOO t^POOOOvN 00 UlOO Mt^fO OvONinMI^rO 

MMNfOPO mrl-uji/i liOO O r- r-oo oo 0 \ OOi-'NPOP’')'f 

OOOOO oooooo oooooo mmmmmmh 
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Table 26.—^Light Castle Nuts, Semifinished Hexagon^ 
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Slot, in Inches 

Depth 


Width 

-C-Bh-^hh «« 

Nom. 
Height 
of Flats, 
in Inches 
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SCREWS, BOLTS, AND NUTS 
National Fine (S. A. £.) Standard 

The length of the effective thread of screws and bolts shall be: 
ij diameter + i inch. As bolts and screws conforming to these 
specifications are primarily intended for use with nuts, the oval end 
is not included in the nominal length. 

All heads and nuts shall be semifinished. All screws and nuts 
shall be made of steel. 

S.A.E. Standard bolts without slots or cotter-pin holes are made 
for stock. If slots, cotter-pin holes or case hardening are desired, 
these should be specified by the purchaser. 


Table 27.—Machine Screws 
American Screw Company, Standard Threads per Inch 


No. 

2 

3 

4 

s 

6 

7 

8 

9 

10 

12 

Threads 
per Inch 

48 

56 

64 

48 

56 

32,32 
36, 36 
40,40 

30 

32 

3 fi 

30 

32 

30 

32 

36 

24, 24 

30, 30 
j 32,32 

20 

24 

No. 

14 

16 

18 

20 

22 

24 

26 

28 

30 

Threads per 
Inch 

18 

20 

24 

16, 16 
18, 18 
20, 20 

16, 16 

18, 18 

14 

16 

18 

14,16 


Boldface indicates threads used the most. 
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Table 28.—Screw, Bolt, and Nut Dimensions—Fine Thread 
(All Dimensions in Inches) 


Diam. A 
—0.001 
—0.003 

Threads per 
Inch, B* 

C 

D 

El 

E 

G* 

// 

/ 

1 ^ 


' L 

Cotter-Pin 

Hole 

M 

1 

4 

28 

A 

A 

A 

A 

a' 

A 


A 

A 

: i 

A 

A 

A 

24 

u 

ii 

64 

i 

A 

A 

n 

A 

A 

A 

fi 

A 

A 

i 

24 


li 

A 

i 

i 

A 

i 

A 

A 

ii 

i 

A 

A 

20 



1 

i 

I 

li 

i 

A 

A 

M 

i 

A 

1 

2 

20 

A 


1 

A 

i 

1 

i 

A 

A 

i 

A 


A 

18 

n 

11 

64 

7 

¥ 

A 

A 


i 

A 

i 

lA 

A 

A 

i 

18 

II 

a 

n 

i 

A 

M 

S' 

A 

i 

IA 

A 

A 


16 

H 

n 


i 

A 

A 

i 

A 

i 

iH 

A 

A 


14 

n 

II 

ii 

1 

4 

A 

It 

i 

A 

1 

8 

I A 

A 

A 

I 

14 

I 

i 


i 

A 

2 

4 

i 

A 

1 

lii 

A 

A 

li 

12 

I A 


if 

A 

A 

H 

A 

A 

H 

li 

A 

nh 

li 

12 

li 


iH 

A 

A 


A 

A 


2A 

sV 

1 A 

li 

12 


lii 

2 

1 

1 

4 

lA 

i 

A 


2A 

i 

1 

4 

4 

12 

li 

I A 


t 

i 

ij 

i 

A 


2 H 

i 

i 


1 For S. A. E. nuts, bolt and screw heads. 

* Width of slots in nuts. 

• Cotter-pin diameter. 
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FlatPbinf OvalFbinf ConeFbint Full Dog Point Half Dog Fbint 
Fluted Head Setscrews 


Table 29.—Dimensions of Fluted Socket Setscrews^ 


Number 
of Flutes 

Socket Diameter 
Minor, J 

Socket Diameter 
Major, M 

Socket Land 
Width, N 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

4 

0.053 

0.052 

0.071 

0.070 

0.022 

0.021 

4 

0.056 

0.055 

0.079 

0.078 

0.025 

0.024 

6 

0.079 

0.078 

0.098 

0.097 

0,022 

0.021 

6 

0.097 

0.09s 

O.I13 

0. Ill 

0.027 

0.025 

6 

0.097 

0.095 

0.II3 

0. Ill 

0.027 

0.025 

6 

0.127 

0.125 

0.147 

0.145 

0.032 

0.030 

6 

0.160 

0.158 

0.185 

o*. 183 

0.041 

0.040 

6 

0.190 

0.188 

0.219 

0.217 

0.052 

0.050 

6 

0.221 

0.219 

0.256 

0.254 

0.062 

0.060 

6 

0.254 

0.252 

0.297 

0.295 

0.072 

0.070 

6 

0.254 

0.252 

0. 297 

0.295 

0.072 

0.070 

6 

0.315 

0.312 

0.380 

0.377 

0.092 

0.089 

6 

0.386 

0.383 

0.463 

0.460 

0. II2 

0.109 

6 

0.506 

0.503 

0.600 

0-597 

0.142 

0.139 

6 

0.568 

0.564 

0.654 

0.650 

0.157 

0.153 

6 

0.568 

0.564 

0.654 

0.650 

0.157 

0.153 

6 

0.631 

0.627 

0. 790 

0.786 

0.184 

0.180 

6 

0.631 

0.627 

0.790 

0.786 

0.184 

0.180 

6 

0.756 

0.752 

0.958 

0-954 

0.221 

0.217 

6 

I .007 

1.003 

I 275 

1.271 

0.298 

0.294 

6 

I .007 

1.003 

1*275 

1.271 

0,298 

0.294 


* All dimensions, except those shown in the table, are the same as for the 
Standard socket setscrews. 
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Cup Point Oval fbint Full Dog Point 
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Head chamfer £ is 30 degrees with flat surface of head with edges slightly rounded. Socket depth £ as great as possible. 
Length L varies by i inch for lengths from i to i inch; by i inch from i to 4 inches; by i inch from 4 to 6 inches. Screw-point 
chamfer Z may vary from 35 to 40 degrees with end surface. Thread length is usually more than half of L. 












Table 31.—Dimensions of Hexagonal Socket Capscrews.— Continued 
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Fluted Head Capscrew 


Table 32.—Dimensions of Fluted Socket Capscrews^ 


Size 

Socket Diameter 
Minor, J 

Socket Diameter 
Major, M 

! Width of Socket 
Land, N 

\ 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

8 

0.127 

0.125 

0.147 

0.145 

0.035 

0.033 

10 

0.127 

0.125 

0.147 

0.145 

0.035 

0.033 

12 

0.160 

0.158 

0.185 

0.183 

0.042 

0.040 

i 

0.190 

0. 188 

0.219 

0.217 

0.052 

0.050 

A 

0.221 

0 219 

0.256 

0.254 

0.062 

0.060 

t 

0.312 

0.310 

0 380 

0.378 

0 092 

0.090 


0.312 

0 310 

0.380 

0.378 

0.092 

0.090 

h 

0.386 

0.383 

0.463 

0.460 

0.112 

0.109 

A 

0.386 

0.383 

0.463 

0.460 

0.112 

0.109 

1 

0.506 

0 503 

0 600 

0.597 

0.142 

0. 139 


0.568 

0.564 

0.654 

0.650 

0.157 

0. 153 

i 

0.568 

0.564 

0.654 

0.650 

0.157 

0.153 

I 

0.631 

0 627 

0.790 

0.786 

00 

0 

0. 180 

If 

0.756 

0 752 

0 957 

0.953 

0.221 

0.217 

It 

0.756 

0 752 

0 957 

0.953 

0.221 

0.217 


0.756 

0.752 

0.957 

0.953 

0.221 

0.217 

li 

1.007 

1.003 

1.275 

1.271 

0.298 

0.294 


i All dimensions’except those shown in the table, are the same as for the 
Standard socket capscrews. All have 6 flutes. 
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SELF-TAPPING SCREWS 

Hardened screws that form or tap the thread to hold them in 
place are now widely used, usually in sheet metal and in soft 
materials. Some are made with a fast helix that can be driven into 
place with a hammer. Screws of slower helix, that cut their own 



Fig. I. —Self-tapping Screws 


thread, are rotated into place by hand or power. They are made 
with heads of different shapes that conform with standards for 
machine screws, bolts, and capscrews. Table 33 shows the recom¬ 
mended hole sizes for Parker-Kalon screws in different materials. 
The two types of screws are shown in Fig i. 

British Screwheads 

Terms used are by Guest, Keen, and Littlefolds, Ltd. Wood 
screws have a 90-deg. angle head. 



Mushroom Gallery Band Raised 

head screw screw head 
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♦ Dimensions given for screw diameter subject to tolerances. 

Note.—T o obtain satisfactory results the holes must be neither too large nor too small. The size of the hole depends upon 
certain factors such as the kind of material, its degrees of hardness, its uniformity, etc. In most cases the hole sizes shown in the 
table above will be found suitable; but if the material into which the screws are to be driven happens to be very hard, it might be 
necessary to use a size larger drill, while in very soft material, a size smaller drill should be used. 
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Table 34.— Rod End Pins, S.A.E. Standard 



The standard pins are made of 
commercial cold-rolled steel. The 
hardened pins are made of S. A. E. 
1010 steel or equivalent and are 
cyanide hardened. 

(All Dimensions in Inches) 


A 

Nominal diameter. 

A 

1 

A 

I 

A 



Max. diameter. 

.186 

. 248 

.311 

.373 

.436 

.496 


Min. diameter. 

.181 

if 

.306 

.368 

• 431 

.491 

B 

Length. 


H 

I A 

iH 


C 

D 

E 

Head diameter. 

Head thickness. 

To hole. 

A 

ti 


i 

\ 

A 

A 

IA 

.li 

F 

Drill diameter. 

#48 

(.076) 

#48 

(.076) 

#36 
(. 106) 

#36 

(.106) 

#36 

1 (. 106) 

#28 
(. 140) 

G 

Chamfer. 

A 

A 

A 

A 

A 

A 

H 

Chamfer. 

Weight, lbs. per 1,000. 

A 

A 

A 

A 

A 

A 


Studs 

Experiments as to the depth of thread (not depth of hole) show 
that the tap drill can be much larger than is generally supposed and 
still hold the stud against stripping, even in aluminum. Tests 
show that a 43 per cent depth of thread in aluminum will break a 
^-inch stud before stripping, when the stud is a good fit, or, in other 
words, when the stud is 0.003 inch larger than the tapped hole. 

The depth of the hole also has its effect, but a depth of diam¬ 
eters is sufficient for most materials, unless the stud has to carry an 
appreciable fatigue stress. In that case, 2 diameters will be better. 

The ‘‘lute” or material used on the threads in setting studs also 
affects the torque. White lead is frequently used with iron or 
steel, and oil with aluminum. One motor builder uses kerosene in 
the latter case. 

There is a tendency toward using ground taps and chasers for 
stud holes and studs which are held to very close limits, as these 
give greater area of contact and the studs hold better. Some use a 
commercial tap first and finish with a ground tap. Some advocate 
a four-fluted tap with narrow lands for cast iron and a three-fluted 
tap with wider lands for steel and aluminum. Some rough tap by 
machine and leave 0.010 inch for a hand-finishing tap. Holes are 
tapped straight in almost every case, but one builder of large 
machinery uses a taper of J inch per foot. 

The chamfering of the end of studs also plays a part. Some 
contend that the chamfer of 90 degrees included angle throws up a 
burr on the first thread, which makes a stud drive hard but allows 
it to unscrew easily. They prefer the 60-degree included angle. 

Another authority gives the following allowances for the stud 
end in order to ensure a tight fit in different materials: 
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For aluminum, actual pitch diameter plus. 0.004-0.006 inch. 

For cast iron, actual pitch diameter plus. 0.002-0.004 inch. 

For steel, actual pitch diameter plus. 0.001-0.003 inch. 


For brass and bronze, actual pitch diameter plus o. 003-0.005 inch. 



Table 35.— Standard Cotter Pins 
General Motors Company 
(Dimensions in Inches) 


D 

Nominal dia. . 



h 

i 


A 



A 


Actual dia. min. 

.042 

.058 

.086 

.118 

.146 

.172 

.202 

.220 

.275 

E 

Actual dia. max. 
Inside dia., of 

.045 

.061 

.090 

.122 

.150 

.176 

.207 

.225 

.280 

F 

eve. 

Outside dia., of 



i 



A 


i 

A 


eye (approx.). 

■ii 




A 

i 

A 

J 

} 


Drill dia. 

#52 

(.0635) 

(.076) 

(.1065) 

#28 

(.1405) 

#17 

(.173) 

#7 

(. 201 ) 

B 

(.238) 

3 Z 



Tolerance—plus or minus 0.010 inch. 


Cotter Pins, S.A.E. Standard 

Three points are used which are optional: the standard point, the 
double-bevel point, and the extended prong. There is no difference 
in the cost of pins with either of these points. 

These pins are slightly smaller in diameter than the nominal 
diameter given, as this practice has become standard with all 
cotter-pin manufacturers. When pins are ordered of a certain 
nominal diameter, the undersize pins are furnished. Where full- 
diameter pins are required the purchaser must specify that these 
pins be ‘‘full-diameter wire.’’ The latter, however, run from 14 to 
25 per cent greater in price than the standard undersize pins. 
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Table 36.— Cotters Used in Bolts or Rod Ends—Cotter 
Pins —S.A.E. Standards for Bolts 
(Dimensions in Inches) 


National Coarse Thread Bolts 
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Pin 



Cotter Length 
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1 
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4 
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5 

8 
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4 

3d 


A 
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i 
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3d 
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II 

28 

il 



li 

ij 

30 




i 
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li 

li 

28 


1,1 

28 

i 

i 

II 

i| 


21 

U 

ij 

28 

I 

i 

8 

i| 

2 

21 

12 

i| 

28 

li 

a 


if 

2} 

II 

i| 

2 

11 

li 

a 

8 

2 

2j 

II 

li 


II 

if 

li 

6 

2? 

2} 

2 

2 

2 2 

2 

I’} 

lA 

64 


2i 

3 

2 

2i 


2 


Fine (S. A. E.) 


STANDARD WOOD SCREWS 

This standard is the result of cooperation between screw manu¬ 
facturers and the Bureau of Standards. The increment between 
sizes is now 0.013 inch instead of 0.013165 inch as formerly. Several 
sizes have been omitted, the total number of sizes and lengths 
being reduced from 555 to 291. Gimlet points are standard, cone 
and diamond points are special. Length of screws is measured 
from the largest diameter of bearing surface of head to the point. 
Screws are threaded approximately two-thirds of their length. 
Diameter is measured under the head. Tolerance on diameter is 
from 0.004 inch plus to 0.007 inch minus. A 10 per cent variation 
in threads per inch is permitted. The angle of cone and flat h®ads 
is 82 degrees maximum, 80 degrees minimum. Xhe head dimen¬ 
sions are now exactly the same as those of machine screws of the 
same size. Machine screws, however, begin at No. 2 and end at 
No. 12, so the wood-screw sizes are given here. 
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Table 37. —Head Dimensions, Flat-Head Wood Screws 


Screw 

Num¬ 

ber 

•Threads 

per 

Inch 

D 

A 

H 

J 

T 

Diameter 

Head 

Diameter 

Height of 
Head 

Width of 
Slot 

Depth of 
Slot 

Maximum 

Minimum 

Maximum 

Minimum 

Maximum 

Minimum 

Maximum 

Minimum 

0 

32 

0.060 

0.119 

0.105 

0.035 

0.026 

0.031 

0.020 

o.iSS 

0.010 

I 

28 

0.073 

0.146 

0.130 

,0.043 

0.033 

0.033 

0.022 

0.019 

0.012 

3 

26 

0.086 

0.172 

0.156 

p.osi 

0.040 

0.036 

0.024 

0.023 

0.015 

3 

24 

0.099 

0.199 

O.181 

0.059 

0.048 

0.038 

0.026 

0.027 

0.017 

4 

22 

0.112 

0.225 

0.207 

'0.067 

0.055 

0.040 

0.028 

0.030 

0.020 

5 

20 

0.125 

0.252 

0.232 

0.075 

0.062 

0.043 

0.031 

0.034 

0.022 

6 

18 

0.138 

0.279 

0.257 

0.083 

0.069 

0.045 

0.033 

0.0^ 

0.024 

7 

16 

o.isi 

0.305 

0.283 

0.091! 

0.076 

0.047 

0.03s 

0.041 

0.027 

8 

15 

0.164 

'0.332 

0.308 

* 

0.100 

0.084 

0.050 

0.037 

0.045 

0.029 

9 

14 

0.177 

0.358 

0.334 

0.108 

0.091 

0.042 

0.039 

0.049 

0.032 

10 

13 

0.190 

0.385 

0.359 

0.II6 

0.098 

o.oss 

0.041 

0.053 

0.034 

ir 

12 

0.203 

O.411 

0.385 

0.124 

0.105 

0.057 

0.043 

0.056 

0.037 

12 

II 

0.216 

0.438 

0,410 

0.132 

0.112 

0.059 

0.045 

0.060 

0.039 


10 

0.242 

0.491 

0.461 

0.148 

0.127 

0.064 

0.050 

0.068 

0.044 

16 

9 

0.268. 

0.544 

0.512 

0,164 

0.141 

0.069 

0.054 

0.075 

0.049 

18 

8 

0,294 

0.597 

0.563 

0.180 

0.155 

0.074 

0.058 

0.083 

0.054 

20 

8 

0.320 

0.650 

0.614 

0.196 

0.170 

0,078 

0.062 

0.090 

0.059 

24 

7 

0.372 

0.756 

0.716 

0.228 

0.198 

0.088 

0.071 

0.105 

0.069 


All dimensions in inches. 


Formulas 

Head diameter, height of head, width of slot, depth of slot, countersink 
angle are same as Table i. Head angle can be 80 to 82 degrees. 


CROSS-SLOTTED WOOD-SCREW HEADS 

Screwheads with cross slots, known as the Phillips and made by 
the American Screw Company, have been standardized; these heads 
are shown in Tables 9 to 15 in this section. Flat-, round-, and 
ovai-head wood screws have the same dimensions as machine screws 
of same sizes. Wing thickness T is the same in all types of heads. 
The upper dimension is maximum, and the lower is minimum in 
each case. 
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Tolerance in diameter D = -j-0.004 to —0.007 
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Table 40.—Length Tolerances of Round-Head 
Wood Screws 


Number 

Tolerance, Minus, 
IN Inches 

0 

0.06 

I 

0.07 

2 

0.08 

3 

0.08 

4 

0.09 

S 

0.10 

6 

0.10 

7 

0. II 

8 

0.12 

9 

0.13 

10 

0.13 

II 

0.14 

12 

0. IS 

14 

0.16 

16 

0.18 

18 

0.20 

20 

0.22 

24 

0.27 


Table 41.—Lengths of Flat- and Oval-Head Wood 
Screws 


Nominal 

Maximum 

Minimum 


0.250 

0.22 

1 

0.375 

0.34 


0.500 

0.46 

t 

0.62s 

0.59 

1 

0.750 

0.71 

i 

0.875 

0.83 

I 

1.000 

0.96 

li 

1.250 

1.20 


1.500 

1.45 

li 

1.750 

1.69 

2 

2.000 

1.94 

2I 

2.250 

2.19 

2I 

2.500 

2.43 

2I 

2.750 

2.68 

3 

3.000 

2.92 

3 i 

3-500 j 

3.42 

4 , 

4.000 

3.91 

4 i 

4.500 

4.40 

S 

5 .000 

4.89 


All dimensions in inches. 
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IV 

II 

R 

Threads 
per Inch 

Threads 
per Inch 
on Pt. 

Longest 

Pointed 

L 

A 

i 

10 

8 j 

loj 


H 

i 

9 


loj 

A 

A 

I 

7 

6A 

loi 

P 

V 

I 

7 

6( 

loj 

1 

1, 

I J 

6 

5} 

17 

ti 

« 

li 

5l 

Si 

17 




5 

4I 

17 


A 

2 

4i 

3-9 

17 



• 

4 

3 i 

17 


1 


3i 

3 

17 


•Crown same as square-head machine bolt. Length of thread varies 
U length on short screws, to L the length on long bolts 
{Buffalo Bolt CoJ, 



Coach Screw Threads 

(Dimensions in Inches) 


Nom. 

Diam. 

Threads 
per Inch 

/ 

1 

B 

C 

D 



Min. 

Max. 





0.236 

0.185 

0.298 

0.231 


0.074 0.989 
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••*L(Overo»ll)""* 


Ceiling Hooks 

(Dimensions in Inches) 


Trade 

Size 

Diameter 

D 

Length 

L 

Length 

Threaded 

T 

Diameter 
of Eye 

E 

Width of 
Opening 

0 

i X3 

' 1 

4 

3 

^i 

3 

4 

A 

4 X 35 

i 

4 

si 


3 

4 

A 

A X3 

A 

S 

I 

3 

4 

a 

A X 3i 

A 

si 

4 

1 


A X 4 

A 

4 



a 

1 X4i 

3 

8 

4i 


3 

4 

a 



Open-eye Eye Bolts 

(Dimensions in Inches) 


Trade 

Size 

Diameter 

D 

Length 

L 

Length 

Threaded 

T 

Diameter 
of Eye 

E 

Width of 
Opening 

0 

J X 

1 

4 

I 5 

I; 

1 

3 

4 

A 

i X 2 

1 

4 

2 

i\ 


J 

A 

i X 

1 

4 

2i 

i\ 


3 

4 

A 

i X 3 

} 

3 

li 


1 

A 

iX3^ 

} 

3 } 

li 


i 

A 

i X 4 

i 

4 

i\ 


1 

A 

A X i} 

A 

li 

li 


i 

A 

A X 2j 

A 

2j 

li 


} 

A 

A X 3 

A 

3 

li 


i 

A 

A X3i 

A 

3i 

li 


3 

4 


1 X li 

1 

ij 

I] 




1X2} 

i 

2i 

i] 


9 

4 

H 

1X3 

i 

3 

A 


2 

4 


1 X 3 } 

i 

si 

li 


i 
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Dimensions of Williams “Vulcan” Plain and Shoulder PC ye 

Bolts 


PLAIN 


SHOULDER 


Shank 

Maximum Length 
in Stock 

Diameter 

Eye 

Capacity, 

Net Tons 

Shank 

Maximum Length 
in Stock 

Diameter 

Eye 

Diameter 

Standard Length 
under Eye 

Inside 

Outside 

Safe Working 
Load 

Average Load at 
Elastic Limit 

Approximate 
Breaking Strain 

Diameter 

Standard Length 
under Shoulder 

Inside 

Outside 

» 

li 

4i 

I 

ift 

0.7 

1.4 

3 

i 

I 

3 

1 

lA 

A 

li 

4) 


lij 1 

I 

2 

4 


u 

4 

i 

1 A 

t 


4i 

I A 

2 ^ 

1.3 

2.5 

5 

i 

li 

4i 

I 


A 


4i 

I 

2A 

1.5 

3 

0 

fV 

li 

4i 

1 

lU 

i 

li 

4i 

li 


2 

4 

8 

i 

I j 

4i 

IA 

2h 


2 

S 

I i 

2li 

3 

6 

12 

A 

1 1 

4i 

IA 

2 A 

i 


s 

iH 

3i 

3-5 

7 

16 

t 

I i 

4i 

li 1 

2i 

I 

2i 

s 

iH 

3iV 

4 

8 

20 

i 

2 

5 

0 

2H 

li 

2 I 

5 

2 

4 

5 

10 

23 

J 

2i 

5 

lii 

3i 

li 

3 

6 

2 A 

4iV 

7.5 

15 

33 

I 

2i 

5 

lii 

3 A 

li 

3i 

6 

2 J 


9 

18 

42 


2l 

5 

2 

4 

ij 

3 I 

6 

2i 

6 A 

II 

21 

53 

li 

3 

6 

2t\ 

4 A 


4 

6 

3i 

6i 

13 

25 

68 

0 

3i 

6 

2i 

5 A 


5 

6 

4 

8A 

16 

32 

85 

If 

3i 

6 

2i 

6 A 









2 

4 

6 

3i 

6i 
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Harvey Grip Bolt Thread Enlarged 


Size 

of 

bolt 

Dimensions of thread 

A 

1 ^ 

P 

D 

B 

T 

5 " 

45 ° 

1 Max. 

,1000" 

Min. 

.0118" 

.0118" 



10“ 


.065" 



V' 

45 ° 

Max, 

.nil" 

Min. 

.0132" 

.0132" 



10” 


.072" 




Weight 

1 Dimensions 

Threads 

rail 

S 

L 

c 

1 ^ 

F 

1 ^ 

1 ^ 

N 

1 ^ 

0 

1 ^ 

per 

inch 


r 


I A" 
li" 




\r 


i" 

1" 

! tr 

10 


I// 


1 

lyV' 

13V 

W' 

i" 

U" 

l" 


9 


r 


ij" 

1" 

IlV' 


ii" 

i" 

li" 

l" 

i" 

9 


Riveting Washers 


Size 

of 

Rivet 


Size 

of 

Hole 


Outside 

Diam¬ 

eter 


Thick¬ 

ness 

Wire 

Gage 





I 


i8 

i8 

i8 

i6 

i6 

14 

14 

14 

14 


Size 

of 

Rivet 


Size of 
Hole 


Outside Thickness 
Diameter Wire Gage 




li 

I 

li 

li 

li 

li 

li 

li 


12 

14 

12 

12 

12 

II 

II 

10 






PLAIN WASHERS 


70s 






Out¬ 

side 

Diam¬ 

eter 

Thick- 

Weight 




Thick- 

Size 

Size 

ness 

per 

Size 

Size 

Outside 

ness 

of 

of 

Wire 

1,900, 

of 

of 

Diam¬ 

Wire 

Bolt 

Hole 

Gage 

No. 

in 

Pounds 

Bolt 

Hole 

eter 

Gage 

No. 


Plain Washers 
U. S. Standard 
(Dimensions in Inches) 


Plain Washers 
S. A. E. Standard 
(Dimensions in Inches) 


A 

i 

A 

18(A) 

2.53 


A 

i 

16(A) 

6.40 

A 

f 

i 

16(A) 

8.80 

i 

A 

I 

14 (A) 

14-7 

A 

f 

If 

14 (A) 

21 

i 

A 

If 

12(A) 

38.4 

A 

1 

if 

12(A) 

44 4 

f 

H 

I4 

10(f) 

77 


H 

2 

10 (f) 

III 

i 

H 

2i 

9 (A) 

153 

I 

IA 

25 

9 (A) 

176 

D 

If 

2 } 

9 (A) 


li 

If 

3 

9 (A) 


i| 

If 

3 f 

8 (if) 


li 

If 

3 f 

8(a) 


If 

If 

3 f 

8(a) 


If 

If 

4 

8(a) 


If 

2 

4 f 

8(a) 


2 

2f 

4 i 

8(a) 



2f 

4 i 

6(A) 


1 

2f 

5 

5 (A) 




Narrow-gage Washers 

(Dimensions in Inches) 


i. 

r 

t 

i 


16(A) 
16 (A) 

A 



16(A) 

A 

f 

I 


14 (A) 

i 

A 

I 


12 (A) 

A 

f 

I 


12(A) 

f 

a 

li 


10 (i) 

i 

a 

I 


10 (f) 

1 

a 

2 


9 (A) 

I 

I A 

2 I 

\ 

9 (A) 

If 

if 

2 * 

i 

9 (A) 

If 

If 

2i 

9 (A) 

If 

if 1 

3 


8(a) 

If 

if 

3 i 

8(a) 


Steel No. loio. Tolerance plus or minus o.oio. 



Recommended Kantlink Spring Washers 
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Socket-Head 

Capscrews 
Series N 

Section Width and Thickness 

xxxxxxxxxxx XXXXXX X 

00 ^ 

d 0 

Nuts for 

Ma¬ 

chine 

Screws 

and 

Stove 

Bolts 

Series 

M 

xxxxxxxx Mri 

For Use with Slotted Head Screws 

Machine Screws 

Fillister 
Head 
Series L 

0 N /mSSI^ 

oSoHSHSHSHsHSHSdSHXHr-f; / 1 

X® ^xxxxxxxxxx / A 

--ca: 1 J \ ^ 

ohkhs 

Round 
Head 
Series K 

oHshshshsh:h:hshsh:hs*^s^ \ j 

®XXXXXXXXXXXX 

Capscrews 

Filliste r 
Head 
and 
Hexa¬ 
gon 
Socket 
Series J 

XXXXXXXXXXXX X 

Button 

Head 

Series 

I 

xxxxxxxx 

For Use with Wrench- 
Head Bolts, Nuts, and 
Screws 

Capscrews 

Collar 

Head 

Series 

H 

XXXXXXXX 

Hexa¬ 

gon 

Head 

Series 

G 

XXXXXXxxxxxxxx 

AU 

Regular 

Hexa- 

gon and 
Square 
Bolt 
Heads 
and 
Nuts 
Series F 

xxxxxxxxxxxxxx 

Standard Tol¬ 
erances for 
Actual Inside 
Diameter of 
Washer 

Mini¬ 

mum 

QO*-< Tfr-0'0<S'0 'tr-O a>rOMMvOMMioO 

00 O M TfO Osi-i tCnoO tJ-OO fOO i-i t}- r-00 >-i 

QMMMHii-iMnwrorO't‘o tO'O e-co o w cs ro >o 

OOOOOOOOOOOOOOOOOmmmmm 

Maxi¬ 

mum 

00 M ^00 MOOvO 'OOvTfo t- fOO c^Mfsc'-csror-c^ 

Oi M w ro V) e- O fOO ro O O fO 0\'0 0\ N tT i-- m r}- (■- 
Qh-iM>HMi-iMC^c<rO'^'^»0 »OvO r- 0^ O ^ 

OOOOOOOOOOOOOOOOOMMMMM 



’rt 


« Os §s'^ ® ^ *^o 



G 


OOMMMMMNMrororJ-io mO t>O0 O m ro ic 

G 

N 

0 

< 


OOOOOOOOOOOOOOOOOMMMMM 








N fO tHOO 00 o n 

. 

C/5 




OOOOOOOO ^ ^ 



0 


mmm m m 
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LT. S. Navy Boiler Rivets 




A 

B 

C 

D 

Weight of 
10 heads 

Weight per 
inch of 
shank L 



i 

a 

A 


-531 

.0556 



A 

I 

h 

A 

.713 

.0704 



t 

li 

A 

f 

1.007 

.0869 

/ 1 

\ 

n 

li 

I 

H 

1.372 

. 1052 


\ 


I A 

i 

i 

I.S5I 

.1251 

/ 

_L-, 

rAx 

ii 

I A 

U 


2.033 

. 1470 

U- 

.5 —- 

■ J 

i 

I i 

n 

i 

2.258 

.1703 




U 

If 

i 

n 

2 .871 

. 1956 



i 

I 

1} 

n 

1 

3 584 

. 2225 


< -A - V- 

I 

1 

IA 

lU 

n 

I A 

3.910 

.2512 



1 

i\ 

in 

i 

ij 

4 761 

,2816 



1 

1A 

2 

I 

IA 

s. 170 

.3137 



ll 

li 

2j 

n 

li 

6.215 

.3477 



1 

I A 

2l 

I 

lA 

7.391 

.3833 



1 

1 

li 

2i 

lA 

If 

8.490 

.4207 



1 

I A 

2i 

li 

I A 

9.941 

4599 



! 

li 

2l 

1A 

li 

II .507 

.5006 



j 

IA 

2| 

li 

lA 

13.242 

.5433 



1 

If 

2i 

lA 

If 

15.146 

.5876 



_ 

iH 

3 

i| 

in 

17.300 

.6336 





1 1 \ 

i 

19.485 

.6815 


U. S. Navy Hull and Tank Rivet Heads 


h-D-H 



B^N-HEAD 



BUTTON 



COUNTERSUNK 


Pan-head 

Button 


Countersunk 


A 

B 

C 

D 

A 

B 

C 

A 

B 

c 

D 

i 

A ! 


\ 

J 

A 

A 

i 

f 

A 

60 

1 


A 

1 

1 

f 

A 

i 

i 

A 

60 

i 

n 

i 

a 

i 

if 

i 

i 

if 

J 

60 

» 

I 

A 

f 

f 

I 

A 

i 

IA 

f 

60 

i 

IA 

i 

J 


I A 

f 

1 

I A 

i 

45 

t 

lA 

A 

] 

I 

I A 

A 

i 

I A 

H 

45 

I 

li 


1 

1 

If 

1 

I 

If 

H 

37 


If 

if 

li 

li 

If 

H 

li 

If 

H 

37 


iH 

i 

li 1 

li 


i 


iH 

I 

37 










7o8 bolts, nuts, and screws 

LENGTH OF ROUND HEAD RIVETS FOR DIFFERENT 
THICKNESSES OF METAL 

To find the required length of a rivet when thickness of metal 
between rivet heads is given, assuming the rivet hole to be inch 
larger than the rivet before it is heated, refer to the table below. 
Grip in inches means thickness of metal between rivet heads. 
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STANDARD RIVET SET AND HOLD-ON 



H 


Table 42.—Cone Head 

Manufactured Head after Driving and Driven Head also Hold-On 
(Dolly Bar) and Rivet Set Impressions 


Body 
Diameter 
of Rivet 

D 

Manufactured Head after 
Driving and Driven Head 

Hold-On (Dolly Bar) 
and Rivet Set 

A 

B 1 

H 

A' 

B' 

H' 

J 0.500 

0.092 

0.469 

0.406 

0.891 

0.469 

0.391 

1 0.625 1 

0.141 

0.594 

0.516 

1. 109 

0.594 

0.484 

i 0.750 

0.375 

0.703 

0.625 

1.328 

0.703 

0.578 

i 0.875 

0.594 

0.828 

0.719 

1.547 

0.828 

0.688 

I I.000 

1.828 

0.938 

0.828 

1.781 

0.938 

0 781 

li 1.125 

2.063 

1.063 

0.938 

2.016 

1.063 

0.87s 

1.250 

2.281 

I. 172 

1.031 

2.219 

1.172 

0.969 

It I-37S 

2.516 

1.297 

1.141 

2.438 

1.297 

1.078 

li 1.500 

2.734 

1.406 

1.250 

2.672 

1.406 

1.172 

if 1.62s 

2.969 

I.531 

1.344 

2.891 

I.531 

1.266 

It 1.750 

3.203 

1.641 

1.453 

3 109 

1.641 

1.375 


All dimensions given in inches. 

Proportions of manufactured head after driving and driven head: 
A «= 1.827D; B «= 0.938D; H = 0.828D 


Proportions of hold-on (dolly bar) and rivet set impressions: 

A' — 1.781Z?; B' B ™ 0.938D; H' =» o. 78 iI> 
Dimensions have been adjusted to the nearest common fractions. 
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Table 43.—Pan Head 

Manufactured Head after Driving and Driven Head, also Hold-On 
(Dolly Bar) and Rivet Set Impressions 


Body 
Diameter 
of Rivet 

D 

Manufactured Head after 
Driving and Driven Head 

Hold-On (Dolly Bar) 
and Rivet Set 

A 

B 

H 

A' 

B' 

W 

1 0.500 

0 .922 

0.500 

0.328 

0.891 

0.500 

0 297 

I 0.62s 

1.141 

0.62s 

0.406 

I. 109 

0.625 

0.37s 

1 0.750 

1.375 

0.750 

0.484 

1.328 

0.750 

0.453 

i 0.87s 

1.594 

0.875 

0.578 

1.547 

0.87s 

0.531 

I I.000 

1.828 

1.000 

o.6s6 

1.781 

1.000 

0.609 

li I.125 

2.063 

I. I2S 

0.734 

2.0i6 

I .125 

0.688 

li 1.250 

2.281 

I . 250 

0.813 

2.219 

1.250 

0.766 

I.375 

2.516 

I.37S 

0.906 

2.438 

I.37S 

0.844 

ij I.500 

2.734 

1.500 

0.984 

2.672 

1.500 

0.906 

if 1.62s 

2.969 

1.62s 

1.063 

2.891 

1.625 

0.984 

1.750 

3 203 

I . 750 

1.141 

3.109 

1.750 

1.063 


All dimensions given in inches. 

Proportions of manufactured head after driving and driven head: 

A = 1.827D; B <=> D\ «=» 0.656D 

Proportions of hold-on (dolly bar) and rivet set impressions: 

A' = i.78iZ>; B' «= D\ H' “ o.togD 
Dimensions have been adjusted to the nearest common fractions. 


Standard Heads on Clark Rivets 



FUt Hemd Button Head Counteraunk Head Truss Head Cone Head 


Flat Head 

1 Button 

1 Head 

1 Counter- 
1 sunk Head 

1 Truss 

1 Head 

Cone Head 

A 1 

B 1 

c 1 

1 B 1 

1 C 1 

1 B 1 

1 c 1 

1 B 

1 c 

1 B 

1 c 

1 B 

i 

■h 

0.190 
0.250 
0.312 

0.032 

0.042 

0.052 

0.166 
0.219 
0.273 

0.071 

0.094 

0. r 17 

0.176 
0.231 
0.289 

0.040 
0.053 
0.066 

0.238 

0.313 

0.300 

0.032 

0.042 

0.052 

0.164 
0.219 
0.273 

0.083 
0.109 
0. 137 

0.089 
0.117 
0.146 

P 

0.374 

0.440 

0.500 

0.062 

0.073 

0.083 

0.327 

0.385 

0.438 

0.140 
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Fig. s Fig. 10 

(Permission British Engineering Standards Association,) 
Reference cuts for Tables of British Standards, page 712. 
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.161 0.190 0.240 0.302 0.365 0.427 0.490 

.171 0.200 0.250 0.312 0.375 0.475 0.500 
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Diameter and overall length of split pin U AX| AX| i»jXl *Xi AXi AXiJ iXii iXif 
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set screws shall be the same as for B.S.F. bolts. 
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Length of set screw. Y The form and dimensions of the heaas and the rounding at the ends of B.S.F. 

set screws shall be the same as for B.S.F. bolts. 



























SECTION XVI 


MEASURING AND FITTING 

THE VERNIER AND HOW TO READ IT 

This method of measuring or of dividing known distances into 
very small parts is credited to the invention of Pierre Vernier in 
1631. The principle is shown in Figs. i to 3 and its application in 
Figs. 4 and 5. In Figs, i and 2 both distances o-i are the same, but 
they are divided into different divisions. Calling o to i = i inch, 
then in Fig. r it is clear that moving the lower scale one division will 
divide the upper one in half. In Fig. 2 the upper scale is divided in 



Fig. 5 

Figs, i to 5.—The Vernier and Its Use 


half and the lower one in thirds. If the lower scale is moved either 
way until i or § comes under the end line, it has moved i inch, but 
if either of these is moved to the center line, then it has only 
moved i of this amount or J. 

Figure 3 shows the usual application of the principle except that it 
is divided in four parts instead of ten. Here both the scales have 
four parts, but on the lower scale the four parts just equal three 
parts of the upper scale. It is evident that if we move the lower 
scale so that o goes to i and 4 goes to 4, it will be moved J the 
length of the distance 0-4 on the upper scale. If this distance 
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is I inch, each division on the upper scale equals i inch, and moving 
the lower scale so that the line 1 just matches the line next to o 
on the upper scale gives one-fourth of one of these divisions or 
jV inch. 

Figures 4 and 5 show the usual application in which the lower or 
vernier scale is divided into 10 parts which equal 9 parts of the 
upper scale. The same division holds good, however, and when 
the lower scale is moved so that the first division of the vernier 
just matches the first line of the scale, it has been moved just one- 
tenth of a division. In Fig. 4, the third lines match so that it has 
moved three-tenths and in Fig. 5, seven-tenths of a division. So if 
is I inch, then each division is ^ inch, and each line of the ver¬ 
nier is one-tenth of that or inch. 

To find the reading of any vernier, divide one division of the upper 
or large scale by the number of divisions in the small scale. So if 
we had a vernier with 16 divisions in each, the large scale being 
I inch long, then the movement of one division is A of or ^J g inch. 

READING THE MICROMETER 

The commercial micrometer consists of a frame, the anvil or fixed 
measuring point, the spindle, which has a thread cut 40 to the inch 
on the portion inside the sleeve or barrel, and the thimble which 



Fig. 6.—Micrometer 


goes outside the sleeve and turns the spindle. One turn of the 
screw moves the spindle or 0.025 inch, and the marks on the 
sleeve show the number of turns the screw is moved. Every fourth 
graduation is marked i, 2,3, etc., representing tenths of an inch, or 
as each mark is 0.025, the first four mean 0.025 X 4 = 0.100, the 
third means 0.025 X 4 X 3 = 0.300. 

The thimble has a beveled edge divided into 25 parts and num¬ 
bered o, 5, 10, 15, 20, and to o again. Each of these means of a 
turn or of ^ = 1/1,000 inch. To read, multiply the marks on 
thj; barrel by 25, and add the graduations on the edge of the thimble. 
In Fig. 6, there are seven marks on the sleeve and three on the 
thimble, so we say 7 X 25 = 175, plus 3 - 178 or 0.178. 
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In shop practice, it is common to read them by using mental 
addition and not multiplying. Beginning at the largest number 
shown on the sleeve and calling it hundreds and adding 25 for each 
mark, we say, in the case shown, 100 and 25, 50, 75 and then add the 
numbers shown on the thimble 3, making o. 178 in all. If it showed 
4 and one mark, with the thimble showing eight marks, the reading 
would be 400 25 + 3 = 433 thousandths or 0.433. 



A 


Fig. 7.—Micrometer Graduations 




Fig. 8. —Measuring Three-Fluted Tools 


The Ten-Thousandth Micrometer 

This adds a vernier to the micrometer sleeve or barrel, as shown 
in Fig. 7, which is read the same as any vernier as has been explained. 
First note the thousandths, as in the ordinary micrometer, and 
then look at the line on the sleeve which just matches a line on the 
thimble. If the zero lines match on both thimble, and sleeve, 
the measurement is in even thousandths as at B which reads 0.250. 
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At C the seventh line matches a line on the thimble so the reading 
is 0.2507 inch. 

Measuring Three-Fluted Tools with the Micrometer 

In Fig. 8 is shown a V block or gage for measuring three-fluted 
drills, counterbores, etc. 

The angle being 60 degrees, the distances A, B, and C are equal. 
Consequently, to determine the correct diameter of the piece to be 
measured, apply the gage as indicated in the sketch and deduct 
one-third of the total measurement. 

The use of this gage has a decided advantage over the old way 
of soldering on a piece of metal opposite a tooth or boring out a ring 
to fit to. 

Using a standard 60-degree triangle for setting and a few different 
sizes of standard cylindrical plug gages for testing, the V block 
may be easily and very accurately made. 

USE OF CALIPERS 

Side Play of Calipers in Boring Holes Larger than a Piece 
of Known Diameter 

The following is an approximate rule for obtaining the variation 
in the size of a hole corresponding to a given amount of side play 
in the calipers. The rule has 
the merit of extreme simplicity 
and can be applied equally well 
to all diameters, except the very 
smallest. In most cases, the 
calculation is so simple that it 
can be done mentally without 
having recourse to pencil or 
paper. 

The Calctilation 

Let A in Fig. 9 = side play of 
calipers or end 
measuring rod, in 
sixteenths of an inch. 

B = dimensions to which 
calipers are set, or 
length of measuring 
rod, in inches. 

C = difference between diameter of hole and length of B in 
thousandths of an inch. 

A* 

Then C = ■^, within a very small limit. 

Example. —A standard-end measuring rod, si inches long, has 
f inch of side play in a hole. What is the size of the hole? In this 
case A = 6, and B = sJ. Apply the above formula: 

C = = 3.27 thousandths of an inch, or 0.00327 inch. 

II II 

The diameter of the hole, therefore, is si -f- 0.00327 or $.50327. 
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The method will be found to be correct within a limit of about 
0.0002 inch if the amount of side play is not more than one-eighth 
of the diameter of the hole for holes up to 6 inches diameter; within 
0.0005 inch for holes from 6 inches up to 12 inches; and within 
0.001 for holes from 12 inches up to 24 inches. 

BORE GAGING BY ROCK OF THE PIN GAGEi 

In order to determine the bore of a bearing which is oversize so as 
to permit a running clearance, the length of the pin gage is made the 
same as the shaft diameter. After measuring the rock of the pin 
gage, the clearance may be found in Table i (expressed in thou¬ 
sandths of an inch). 

Example. —The measurement of a nominal 6-inch bearing bore 
shows 0.410 inch rock. The table specifies 0.003 inch clearance for 
0.379 inch rock and 0,004 inch clearance for 0.438 inch rock. By 
interpolation 0.410 inch rock results in a clearance of 0.0035 inch. 

Table 2 is used where the bore is undersize, such as may be the 
case when a press fit is required. The pin gage for such bores is 
made 0.01 inch less than the shaft. 

Example. —For a 5-inch diameter shaft the pin is made 4.99 
inches long. Assuming a rock of 0.44 inch, Table 2 shows 0.42 inch 
rock as indicating 0.0055 inch press fit, 0.45 inch rock as 0.005 inch 
press fit. Therefore, 0.44 inch rock would by interpolation be 
equivalent to a 0.0052 inch press fit. 

INTERCHANGEABLE MANUFACTURE 
Standard or Basic Hole Practice 

Strict interchangeability consists in making the different parts 
of a mechanism so uniform in size and contour that each part will 
fit and properly function in any one of the whole number of mecha¬ 
nisms, no matter when or where it is made. If the quantities being 
manufactured are large, interchangeable manufacture is economical 
because it entails a correct system of gaging as well as manufacture. 
This system does not produce any more scrap or spoiled work than 
any other—it only indicates by inspection methods which pieces are 
definitely within or without the prescribed dimensions as repre¬ 
sented by the gages. 

It is a generally accepted practice in the best shops to have the 
minimum dimension of the hole or receiving member standard. 
This is because the means of measuring are better adapted to such 
standards as plugs, blocks, and end measuring rods. Correct 
standards of this type are easier to produce and as they form a 
ready means of directly checking the external member of a pair 
of mating parts, they at once establish the minimum dimension 
at the logical place. Any external member which will not receive 
the gage is too small, that is, it is below the standard size. 

The mating gage to a plug, block, or rod gajje (or the other mem¬ 
ber of a pair of gages) thus directly checks the internal member 
against being too large or over the standard size. Therefore, 

1J. I. Hommel, Standards Engineer, Westinghouse Electric & Manufac¬ 
turing Company. 



Table i.—Bearing Clearance by the Rock of tele Pin Gage 
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Press-Fit Allowances, in Thousandths of an Inch 
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standard gages should fix this point of the dimensions of the most 
difficult fit required in interchangeable manufacture. 

In a pair of mating parts that fit and move freely, there is a space 
or clearance between the mating surfaces. If this space is reduced 
gradually, a condition will ultimately be reached in which there is 
no space or clearance between the parts, that is, the mating parts 
are together, metal to metal, without shake. Then any movement 
of the parts one within the other will require some force. If this 
condition of tightness is represented by a horizontal line, which 
we might call “zero,” then this zero line marks the low limit in 
the dimension of the external member and the high limit of the 
dimension of the internal member. 

Any overlapping of this line by the dimensions of cither member 
of a mating pair tends to produce tightness, and any deviation 
away from this line without crossing it will tend to produce loose¬ 
ness. This zero line, then, is the logical place to coincide with the 
standard. The best experience in interchangeable manufacture 
has verified this, and the best shops use it. 



K- L 

Fig. 10.—Diagram of Tolerances and Allowance 

In Fig. 10, the zero line AB corresponds to the exact standard 
size and the line CD represents the largest allowable dimension 
on the tools for external members. The space between the lines 
AB and CD is the manufacturing tolerance and also the wear 
limit on these tools. As soon as the tools have worn so that the 
standard gage will not go in the hole, their use is stopped. It 
might be asked, Why not continue their use to, say, 0.001 inch 
undersize before stopping and so get more wear out of the tool? 
The obvious answer is that the standard gage will not check it, and 
hence the gage is of no use. This is called “unilateral” tolerance. 

The tolerance on the tool above the minimum size determines the 
amount of wear on the tool and not the relation of the minimum 
size to the standard. If 0.002-inch wear is desired on a tool, then 
there must be 0.002-inch more looseness when the tool begins to 
work and this should be above standard, as nothing is gained by 
starting it at 0.001 inch above standard and stopping at 0,001 inch 
under standard. This would be “bilateral” tolerance. 

The line IIJ represents the largest allowable dimension on the 
shaft or internal member, and the space between this line and the 
zero line is the minimum allowance, which must never be inten¬ 
tionally encroached upon. It is intended for a predetermined 
looseness for oil and freedom of fits to prevent seizing. 

This space between the zero line and line HJ is the difference 
allowed betweep the dimensions of the smallest external member 
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and the largest internal member by the designer for the express 
purpose of establishing the tightest permissible fit. 

It is necessary to have a manufacturing tolerance when a large 
number of these are made. The line KL represents the smallest 
allowable dimension on the shaft or internal member, and the space 
between the lines HJ and KL is the tolerance allowed for manu¬ 
facturing the internal members. 

The maximum looseness is represented by the distance between 
the lines CD and KL. The greatest tightness is represented by the 
distance between the zero line AB and HJ. In this case, the limits 
for the external member are from standard to CD oversize, and the 
limits for internal member are from HJ to KL, both undersize. 

The space between the lines AB and HJ is commonly called 
neutral space, indicating that it is not to be encroached upon by 
the intrusion of the dimensions of either member of a pair of mating 
parts. In force or shrink fits, there is no neutral space, but the 
allowance provides for less than a space or an imaginary neutral 
space occupied by part of each member. Figures ii and 12 show 
four common fits. For any class of fit—tight, loose or medium—the 
standard gage fixes the low limit for the size of the hole or external 



Fig. II. Fig. 12. 

Figs, ii and 12. —Four Common Fits 


part. If these parts are made with precision tools, such as reamers 
or broaches, all these holes can be made with the same tools and 
carried in stock for all fits. The methods of finishing the shaft or 
internal members vary so widely that standard tools for this pur¬ 
pose are not commonly carried in stock. The desired kind of fit is 
secured by making the internal member the required amount under¬ 
size. It has been common practice for years to make shafting and 
cold drawn steel which is used for this purpose about 0.001 inch or 
more under the standard size to ensure interchangeability in 
standard holes. 

It will be noted that the same minimum plug or “go” gage is 
used for all holes regardless of fit. This “go” gage is exactly the 
same as the calibrated standard and is, therefore, checked by it. 

Should it be required either to increase or to decrease tolerances, 
this gage remains unchanged, and the interchangeability is not 
affected. Increasing the tolerance on the external member increases 
the size of the “not go” gage, resulting only in more freedom of fit. 

The Newall System of gaging, in great favor in England before the 
standards of the British Engineers Association were adapted, has 
as its basis a “uniform standard hole,” as being the only practicable 
workable basis for true interchangeability. This should also 
be extended to screw-thread products. Taps are not adjustable— 
the dies are. The standard threaded plug is easier to produce and 
calibrate or verify. The threaded ring gages are adjustable^ and 
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everything points to the logic of extending standard hole practice 
to screw-thread products. 

Interchangeability in screw-thread fits has also been determined 
by the National Screw Thread Commission, interchangeability 
being secured through standardizing the tapped hole. This is 
done by making the minimum size of all tapped holes basic, regard¬ 
less of the kind of fit desired. The four classes of thread fits are 
loose, free, medium, and close. 

Complete data concerning screw-thread fits will be found in 
Secs. I and II. These include straight threads and pipe threads 
of both American and British standards, as well as oil-well casings, 
and hose couplings. Methods of measurement and standards for 
machine fits in general are given on the pages that follow. 

Users of the metric system advocate i micron = 0.00004 inch as a 
unit for the highest grade of fit. 

The Standard Inch 

Standard measurements in the past have been taken from 
metal bars graduated as exactly as could be done at the time and at 
standard temperature. The newer method is to measure by light 
waves instead of standard bars, the standard inch now being taken 
as 39,450.3 wave lengths of cadmium light. 

The accepted relation between the inch and the millimeter is that 
25.4 millimeters equal one inch. 

Micro-Inch and Micron 

A new term has been coined in the United States to designate 
one-millionth inch—‘^micro-inch.” Care should be taken not to 
confuse this with the French term “micron,” which is one-millionth 
of a meter, or 0.00003937 inch. 

MEASURING WITH LIGHT WAVES* 

Light waves have made possible extremely accurate inspection 
and production in many industries. The manufacture of precision 
gage blocks was developed in this country with the aid of light 
waves. The electrical-refrigerator industry has perfected gastight 
pump seals by having this easy and accurate method of inspecting 
flat-lapped surfaces. Likewise, diesel engine, aircraft, and other 
precision parts are known by light waves to be perfect. 

The optical flat is now a common shop tool. It is essential in the 
maintenance of amplifying gages, micrometers, snap gages, and 
measuring machines. It greatly aids in realizing “quarter- 
tenths” and “the last hundred-thousandth,” as it instantly shows 
worn spots in anvils, measuring contacts, and gage-block standards. 
The optical flat shows errors in units of hundred-thousandths and 
millionths of an inch, yet its use is extremely simple and direct. 

Equipment Reqxiired ' 

In general a light-wave measuring equipment includes the 
following: 

* By H. L. Van Keuren. 
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Two or more optical flats. 

One monochromatic light. 

One set of precision gage-block standards. 

An optical flat is simply a piece of clear, hard glass which is 
carefully ground and polished until one surface is perfectly flat. It 
has no magnifying power but depends for its usefulness upon the 
degree of accuracy of the one flat surface. A good working flat 
should be a true plane within 0.000005 inch (5 millionths), and a 
master or reference flat should be accurate within 0.0000025 inch 
(2^ millionths). An accurate steel flat may be used for a bottom 
flat with the advantage of lower cost and long life. 

The monochromatic light is a light of one color or wave length. 

Daylight or white light contains all 
the colors and wave lengths from 
about 16 to 26 millionths inch. A 
convenient form of monochromatic 
light is shown in Fig. 13. 

The monochromatic light is pro¬ 
vided with a special gas-filled tube 
similar to those used in neon signs and 
operated by a 5,000-volt transformer 
connected to a iio-volt 60-cycle sup¬ 
ply. The light emitted has a value 
of 11.6 millionths inch per dark band 
and is so strongly monochromatic or of one predominating wave 
length that bands are clearly visible when the separation of surfaces 
is as much as 0.005 Thus, for testing flatness the optical flat 

need not touch the surface being tested. Interference bands seen 
with daylight are a series of colors similar to the colors of a rainbow, 
and an approximation of 10 millionths inch per band may be used for 
the measuring unit. 



Fig. 13.— Light-Wave 
Measuring Equipment 


Testing Flatness 

When an optical flat is placed on a nearly flat lapped or polished 
reflecting surface, interference bands or alternate light and dark 
spaces will be immediately seen if a monochromatic light is avail¬ 
able. With daylight, it is necessary to exclude all dust particles, 
moisture, or oil and to bring the surfaces into very close contact. 

A visual examination of the bands will then indicate the flatness 
as follows: 

1. Straight bands show a perfectly flat surface. 

2. Curved bands show the surface is not flat. 

Amount of Flatness Error 

If the bands curve the distance between successive bands, the 
surface tested is out of flat 11.6 millionths inch. This condition is 
shown in h, Fig. 14. Here the dotted line connecting the ends of a 
band just intersects the previous band. In practice, a shadow from 
a straight edge may be used for the dotted line, but in general, the 
flatness error may be estimated to sufficient accuracy. Other 
conditions of surface error are shown in Fig. 14. 
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The Principle of the Wedge of Air 

The conditions which exist when an optical flat is placed on a gage 
block and interference bands made visible may best be explained by 
referring to the diagrammatic sketch of Fig. 15, which shows the 
wedge or angular contact greatly exaggerated and the surface of 
the gage block perfectly flat. 



abed e 

Fig. 14.—Different Conditions and Degrees of Surface Error. 

Heavy Lines Indicate Edge in Contact with Flat 
a, Convex surface—side edges low 6 millionths, by Convex sur¬ 
face—side edges low 12 millionths, c, Nearly flat—side edges low 
or rounded 6 millionths, d, Surface both convex and concave— 
hollow in center, higher each side of center and lower at side edges. 
Error 3 millionths, e, Note 2 high spots with 12 bands between, 
indicating a valley 6 bands or 75 millionths deep. 

The interference bands are caused by the fact that the light 
reflected from the surface of the gage interferes with the light 
reflected from the undersurface of the flat. The dark interference 
bands indicate vertical distances of one-half wave lengths of light. 
This is strictly true when looking directly down on the surfaces and 
practically true when viewed at a slight angle. 



The first band nearest the point of contact indicates that the 
vertical distance between the gage and the flat is 11.6 millionths 
inch; the second band shows a vertical distance of 22 millionths 
inch; etc. If the flat is pressed down on the gage, the wedge 
becomes thin and fewer bands or steps of 11.6 millionths are present. 

If the surfaces are accurately flat, they can be brought together 
so close that the distance at any point is less than 0.000005 inch, 
and the bands di.sappear. Thus, when a gage block is wrung on a 
flat, it is in intimate contact, being held on the flat by a very thin 
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film of moisture or grease within 2 or 3 millionths inch. It is 
surprising that, although this film is but a few millionths of an inch 
thick, it is plainly visible through a glass flat. 

Referring again to Fig. 15, the following facts should be noted: 

1. Straight bands indicate a flat surface. 

2. The number of bands shows the steepness of the wedge of air 
and is the unit of measurement showing differences of thickness or 
length between the gage-block standard and the piece being 
measured. 

3. The direction of the wedge is at right angles to the direction 
of the bands. 



Checking Gage Blocks 

When checking worn gage blocks against a known master block, 
both gages are wrung on an optical flat, as shown in Fig. 16. An 
examination of the bands reveals the 
following facts: 

1. The bands arc slightly curved. 
This indicates that the surfaces of the 
gage blocks are not perfectly flat. 
Straight bands indicate a flat surface, 
curved bands, a curved surface. If the 
bands curve around the “point of con¬ 
tact” or the point where the glass touches 
the surface being examined, the surface is 
convex. If the curvature of the bands is 
just the reverse, the surface is concave. 

2. The pronounced light spot and the 
more clearly defined bands near the 
observer, Fig. 16, indicate the point of 
contact. As the bands curve around the 
point of contact, the surfaces of the gage 
block are convex. 

3. The bands on each gage curve about 
two-tenths of the distance between 
successive bands, and the error of flatness 

is therefore two-tenths of one measuring unit (11.6 millionths) or 
2.32 millionths inch. 

4. The upper flat is sloping upward toward the rear at the rate 
of 11.6 millionths per dark band. There is, therefore, a wedge of 
air between the upper and the gage blocks. At the rear of the 
right-hand gage, the wedge is five times 11.6, or 58 millionths inch 

•thick. At the rear of the left-hand gage, the wedge is 5§ times 
11.6 millionths or 63.8 millionths inch thick. The gage on the left 
is, therefore, shorter or smaller than the gage on the right by one- 
half band, or a little under 6 millionths inch. 

5. It will be noted also that each band on the left-hand gage 
occurs about one-half band lower down on the wedge than the 
bands on the right-hand gage. Thus, the comparison of length 
may be referred to the first band on each gage, or to the second, or 
to any successive band. 

6. The bands on both gages, although slightly curved, are 
practically parallel, indicating that the upper surfaces of the two 


Fig. 16. —Interference 
Bands on Two Gage 
Blocks Being Compared 
for Flatness, Length, and 
Parallelism 
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gages as they are wrung on the lower flat are parallel within i 01 
2 millionths inch. 

Thus, with one observation, there are obtained the flatness, 
parallelism, and length comparison of two gage blocks. Both gages 
are measured at the same time and at the same temperature. An 
accuracy of i or 2 millionths of an inch is secured, and there are 
no complicated settings or parts to introduce error. The accuracy 
of the flat may be known by testing them together or, better, by 
testing three flats in various combinations. 

Applying the Principle of the Wedge 

Measurements of diameter or length arc made by wringing a 
gage-block standard on the lower optical flat and then bringing the 
upper optical flat in contact with both the gage block and the part 
being measured. The upper flat must be pressed down until 
contact is secured on some point of the gage block and the part 
being measured. The location of the point of contact on the gage 
block will depend on the oversize or undersize condition of the part 
being measured. 

It is essential that the location of the point of contact on the gage 
block be determined. This is readily apparent in daylight by the 
absence of color, the grayish surface of the steel gage block being seen. 

The gage block, in reality, establishes a parallel reference plane 
I inch—if it is a i.000-inch gage—above the louer or base surface. 
The amount that the part is over or under standard is then easily 
determined by counting the bands starting from the point of con¬ 



tact on the gage block and continuing to the point of contact on the 
part being measured. 

Phgure 17 shows in a diagrammatic way how the amount oversize 
or undersize is determined for measuring plug gages. The same 
principles apply for making other measurements, such as the 
measurement of pitch diameter of thread gages. 

Among the uses of light waves should be mentioned the following: 

1. Comparing precision gage blocks. 

2. Testing flatness of micrometer or measuring-machine contacts, 
snap gage jaws or other flat gaging surface. 
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3. Measuring diameters of plug gages, steel balls, rollers, thread 
gages, thread-measuring wires and accurate cylindrical parts. 

4. Measuring thickness of watch hairsprings, thin sheet metal, 
parchment or like material. 

5. Determining coefficient of expansion of metals or other 
substances. 

6. Determining amount of contraction of dental amalgams or 
cements during the setting process. 

The Light-Wave Micrometer 

A very convenient measuring instrument which combines the 
extreme sensitivity of light waves with the utility of the micrometer 
is shown in Fig. 18. In this instrument the light-wave bands move 
past a reference line as pressure is applied on the piece being 
measured. Any measuring pressure, from just contact or zero 
pressure up to 2 pounds, may be used. Because the exact pressure 
of measurement can be exactly duplicated, the micrometer reading 
can be duplicated to 0.00001 inch. The 6-inch diameter head is 
graduated to o.oooi inch, permitting readings to 0.00001 inch. 



Fig. 18. —Light-Wave Micrometer 


The light-wave micrometer measures length, thickness, and 
diameter of machine parts and gages—out-of-roundness of cylinders, 
three-wire measurement of screw threads—and is particularly 
useful in measuring soft materials, such as rubber, paper, leather, 
textiles, hairsprings, fine wires, dental amalgams, etc., because a 
very light measuring pressure can be used. The measurements are 
made between flat parallel surfaces, thus reducing indentation of 
the measuring contacts in the piece being measured. 


TOLERANCES AND ALLOWANCES FOR METAL FITS 


Introductory 

A committee of the A. S. M. E. on plain limit gages for general 
engineering work, believing that the terms and definitions used 
should, as nearly as possible, conform to those in common use, 
adopted the following fundamentals and definitions. 

Fundamentals 

Direction of Tolerance on Gages.—The extreme sizes for all 
plain limit gages shall not exceed the extreme limits of the part 



GAGING DEFINITIONS 


733 


to be gaged. All variations in the gages, whatever their cause or 
purpose, shall bring these gages within these extreme limits. Thus 
a gage which represents a minimum limit may be larger, but never 
smaller, than the minimum size specified for the part to be gaged; 
likewise the gage which represents a maximum limit may be smaller, 
but never larger, than the maximum size specified for the part to be 
gaged. 

The temperature of 68°F. (2o°C.) shall be the standard for plain 
limit gages. 

The final result sought by gaging is interchangeable manufacture 
in some degree. This means that the parts of a mechanism can be 
assembled without fitting one part to another and that when 
assembled the parts will function properly. 

Applied to manufactured material, the result sought is sufficient 
uniformity in size and contour to adapt the material without 
further fitting to the requirements of the industries. The funda¬ 
mental principle involved in interchangeable manufacture requires 
that “a system of standardization and classification of fits shall 
establish a clearly defined line at which interference between mating 
parts begins.’^ Hence: 

1. The standard or basic size, as physically represented by a correct 
standard master gage, represents the line at which this interference begins 
between mating parts. 

2. It is the minimum size of the external members of all mating parts of 
standardized practice, regardless of the kind of fit. 

3. It is the maximum size of internal members of all mating parts where 
interference begins or that fit metal to metal.^ 

4. The limits of the component as physically represented by the limit 
master gages shall not be exceeded as a result of either tolerance or wear of 
the gages. 

5. “Go” gages, or the equivalent verification of all the factors involved 
in the fit, are necessary to prevent interference of mating parts. 

In the case of force fits, ‘go” gages are necessary to determine the maxi¬ 
mum amount of interference between mating parts. 

6 . “Not go” gages, or the equivalent verification of the determining 
factor, are necessary to prevent the maximum looseness of mating parts 
exceeding the limits specified. 

Ill the case of force fits, “not go” gages are necessary to determine the 
minimum amount of interference between mating parts. 

Definitions 

Gaging.—A process of measuring manufactured materials to assure the 
specified uniformity of size and contour required by the industries. 

Gage.—A device for determining whether or not one or more of the dimen¬ 
sions of a manufactured part are within specified limits. 

1. Ring Gage ,—One whose inside measuring surfaces are circular in form. 
The measuring surfaces may be cylindrical or conical. 

2. Plug Gage .—One whose outside measuring surfaces are arranged to 
verify the specified uniformity of holes. A plug gage may be straight or 
tapered and of any cross-sectional shape. 

3. Receiving Gage .—One whose inside measuring surfaces are arranged to 
verify the specified uniformity of size and contour of manufactured material. 

4. Indicating Gage .—One that exhibits visually the variations in the 
uniformity of dimensions or contour, the amount of the variation being 
indicated by lever on graduated scale, dial, flush pin, plunger gages, etc. 

5. Snap Gage .—A fixed gage arranged with inside measuring surfaces for 
calipering diameters, lengths, thicknesses, etc. 

6. Caliper Gage .—One which, for internal members, is similar to a snap 
gage, and for external members, is similar to a plug gage. 

1 The condition of 2 and 3 is represented by a mating pair of correctly 
fitting standard gages. 
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Standard. —A physical representation of a form, dimension or size estab¬ 
lished by law or by general usage and consent. 

Standard Sizes. —A seric,s of recognized or accepted sizes corresponding 
to various subdivisions of a recognized unit of length, such as the yard or the 
meter. These are usually expressed in inches or in millimeters, sometimes 
by arbitrary numbers or letters. 

Note. —The industries, by common consent, have chosen several different 
series important for interchangeable manufacture. For instance, the com¬ 
mon fractions of an inch are commonly called standard sizes, such as 
J, inch, etc. 

Nominal Size. —A designation given to the subdivision of the unit of 
length having no specified limits of accuracy, but indicating a close approxi¬ 
mation to a standard size. 

Basic Size. —The exact theoretical size from which all limiting variations 
are made. 

Allowance (Neutral Zone)—An intentional difference in the dimensions 
of mating parts; or the minimum clearance space which is intended between 
mating parts. It represents the condition of the tightest permissible fit, or 
the largest internal member mated with the smallest external member. It 
is to provide for different classes of fit. 

Example. —A shaft dimensioned 0.874 inch and a hole dimensioned 0.875 
inch represent an allowance of 0.001 inch. The same hole with a shaft 
dimensioned 0.876 inch represents an allowance of 0.001 inch also; but, as 
the shaft is larger than the hole, this allowance becomes a negative quantity. 
(See “Explanatory Notes,” page 751.) 

Tolerance. —The amount of variation permitted in the size of a part. 

Note. —In the example under Allowance, the ideal condition and the 
tightest fit permissible have been given; but in manufacturing large numbers 
of pieces, these .sizes could not be produced exactly, so variations must be 
made that will not prevent their proper functioning but will enable them to 
be produced. These variations must therefore tend toward greater looseness. 
Then, if a manufacturing tolerance of 0.001 inch is required on each member, 
they would be dimensioned as follows: 

Shaft 0.874 inch -f- 0.000 inch 

— 0.001 inch 

Hole 0.87s inch -f- 0.001 inch 

— 0.000 inch 

This defines a condition in which the greatest looseness is 0.003 inch, and 
the greatest tightness gives a clearance of 0.001 inch. 

Neutral Zone. —See Allowance. 

Limits. —The extreme permissible dimensions of a part. 

Master Gage. —A gage whose gaging dimensions represent as exactly as 
possible the physical dimensions of the component. It is the gage with 
which all other gages and all dimensions of manufactured material are finally 
checked or compared, either by direct check or by comparison. 

Inspection Gages. —Gages for the use of the manufacturer or purchaser in 
accepting the product. These gages must not accept any product which 
the master gages will reject. 
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Working Gages. —Gages used by the manufacturer to check the work as it 
is produced. These gages should not accept any product which the inspec¬ 
tion gages will reject. 


Classification of Fits 

The following classification of fits is recommended: 

Loose Fit (Class i ) — Large Allowance. —This fit provides for considerable 
freedom and embraces certain fits where accuracy is not essential. 

Examplp:s. —Machined fits of agricultural and mining machinery; con¬ 
trolling apparatus for marine work; textile, rubber, candy, and bread machin¬ 
ery; general machinery of a similar grade; some ordnance material. 

Free Fit (Class 2)—Liberal Allowance. —For running fits with speeds of 
600 revolutions per minute, or over, and journal pressures of 600 pounds per 
square inch, or over. 

Examples. —Dynamos; engines; many machine-tool parts; and some 
automotive parts. 

Medium Fit (Class 3)—Medium Allowance. —For running fits under 
600 revolutions per minute and with journal pressures less than 600 pounds 
per square inch; also for sliding fits; and the more accurate machine-tool 
and automotive parts. 

Snug Fit (Class 4) —Zero Allowance. —This is the closest fit which can be 
assembled by hand and necessitates work of considerable precision. It 
should be used where no perceptible shake is permissible and where moving 
parts are not intended to move freely under a load. 

Wringing Fit (Class 5)—Zero to Negative Allowance. —This is also known 
as a “tunking fit," and it is practically metal-to-metal. Assembly is usually 
selective and not interchangeable. 

Tight Fit (Class 6) — Slight Negative Allowance. —Light pressure is 
required to assemble these fits and the parts are more or less permanently 
assembled, such as the fixed ends of studs for gears, pulleys, rocker arnis, etc. 
These fits are used for drive fits in thin sections or extremely long fits in other 
sections and also for shrink fits on very light sections. Used in automotive, 
ordnance, and general machine manufacturing. 

Medium Force Fit (Class 7) — Negative Allowance. —Considerable pres¬ 
sure is required to assemble these fits, and the parts are considered per¬ 
manently assembled. These fits are used in fastening locomotive wheels, 
car wheels, armatures of dynamos, and motors and crank discs to their axles 
or shafts. They are also used for shrink fit on medium sections or long fits. 
These fits are the tightest which are recommended for cast-iron holes or 
external members, as they stress cast iron to its elastic limit. 

Heavy Force and Shrink Fit (Class 8)—Considerable Negative Allowance. 
These fits are used for steel holes where the metal can be highly stressed 
without exceeding its elastic limit. These fits cause excessive stress for 
cast-iron holes. Shrink fits are used where heavy force fits are impractical, 
as on locomotive wheel tires, heavy crank discs of large engines, etc. 

Standard Fits Applied to Interchangeable Manufacture 

Interchangeable Assembly. —Machine shop practices are gov¬ 
erned largely by the conditions which must be met. These condi¬ 
tions are many and varied. The standard fits specified in Table 3 
can be applied to all practices. 

Tables 2 to 5 show the limiting sizes of mating parts for inter¬ 
changeable manufacture. 

Using the basic-hole principle on which this report is based, shaft 
members made to the specifications of one class of fit may be mated 
with hole members made to the specifications of another class with¬ 
out destroying interchangeability. 

Selective Assembly. —When the functional conditions of mating 
parts become so exacting that they cannot be maintained with the 
use of reasonable manufacturing tolerances, a practice known as 
“selective assembly’^ is often employed. In selective assembly, 

(Text continues on page 74 1) 
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Table 4.—^Loose Fit (Class i)—Large Allowance Inter¬ 
changeable 


This fit provides for considerable freedom and embraces certain 
fits where accuracy is not essentiah 

(All Dimensions in Inches) 


Size 

Limits 

Tightest 

Fit 

Loosest 

Fit 

From 

Up to 
and 
Inclu¬ 
sive 

Mean 

Hole or 
External 
Member 

Shaft or 
Internal 
Member 

Allow¬ 

ance 

Allow¬ 
ance + 
Toler¬ 
ances 

-f 


- 

1 - 

+ * 

+ * 

0 

A 

i 

0 001 

0.000 

0.001 

0.002 

o.oor 

0.003 

A 


i 

0.002 

0.000 

0.001 

0.003 

0.001 

0.005 

A 


2 

0.002 

0.000 

o.oor 

0.003 

0.001 

0.005 

iV 

A 


0.002 

0.000 

0.002 

0 004 

0.002 

0.006 

A 


1 

0.002 

0.000 

0.002 

0 004 

0.002 

0.006 

H 


1 

0.002 

0.000 

0.002 

0.004 

0,002 

0.006 

\l 

\i 

i 

0.002 

0.000 

0.002 

0.004 

0.002 

0.006 

13 

iiV 

I 

0.003 

0.000 

0.003 

0.006 

0.003 

0.009 

1 

I A 

i2 

0.003 

0.000 

0.003 

0.006 

0.003 

0.009 

1 A 

11 

li 

0,003 

0.000 

0.003 

0 006 

0.003 

0.009 

12 

11 

D 

0.003 

0.000 

0.003 

0.006 

0.003 

0.009 

11 

T J 

li 

0.003 

0.000 

0 004 

0 007 

0.004 

0.010 


2i 

2 

0.003 

0.000 

0.004 

0.007 

0.004 

O.OIO 


2 l 

2i 

0.003 

0.000 

0 004 

0.007 

0.004 

0.010 

21 

2] 

2I 

0.003 

0.000 

0.005 

0.008 

0.005 

O.OII 

2I 

Si 

3 

0.004 

0.000 

0 005 

0.009 

0.005 

0.013 

3 l 

si 

3 i 

0.004 

0.000 

0.006 

0.010 

0.006 

0.014 

si 

4 i 

4 

0.004 

0.000 

0.006 

0.010 

0.006 

0.014 

4 i 

4 i 

4 i 

0.004 

0.000 

0.007 

0.011 

0.007 

0.015 

4 i 

5 l 

. 5 

0.004 

0.000 

0 007 

O.OII 

0.007 

0.015 


61 

6 

0 005 

0.000 

0.008 

0.013 

0.008 

0 018 

6} 

7 j 

7 

0 .005 

0.000 

0.009 

0 014 

0.009 

0.019 

Ih 

81 

8 

0.005 

0.000 

0.010 

0.015 

0.010 

0.020 


♦Note: -f denotes clearance or amount of looseness. 



Summary of Data 

Hole Shaft 

Tightest fit. 2.12S 2.121 

Loosest fit. 2.128 2 118 

Formulas 

When d — mean size, 

Hole tolerance =» o.oo 2 S-^d 
Shaft tolerance “ 0.0025-^5 
Allowance «- 0 . 002 $'^'^ 


0.004 Allowance 
0.010 Allowance 
-{- Tolerance? 
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Table 5.—Free Fit (Class 2)—Liberal Allowance Inter¬ 
changeable 

For running fits with speeds of 600 r.p.m. or over, and journal 
pressures of 600 pounds per square inch or over. 

(All Dimensions in Inches) 


Size 

Limits 

Tightest 

Fit 

Loosest 

Fit 

From 

Up to 
and 
Inclu¬ 
sive 

Mean 

Hole or 
External 
Member 

Shaft or 
Internal 
Member 

Allow¬ 

ance 

Allow¬ 
ance + 
Toler¬ 
ances 



- 

- 


+ * 

0 


A 

i 

0.0007 

0 0000 

0.0004 

o.oorr 

0.0004 

0. oot8 

A 


A 

i 

0 0008 

0.0000 

0.0006 

0.0014 

0.0006 

0.0022 



A 

i 

0.OOOQ 

0.0000 

0.0007 

0.0016 

0.0007 

0.0025 

A 


A 

i 

0.0010 

0.0000 

0.0009 

0.0010 

0.0009 

0.0029 

A 


i 

1 

0.00II 

0 0000 

0.0010 

0.0021 

0.0010 

0.0032 

S 


i 

i 

0.0012 

0.0000 

0.0012 

0.0024 

0.0012 

0.0036 

ti 


i 

1 

0.0012 

0 . 0000 

0.0013 

0.0025 

0.0013 

0.0037 

H 

I 

A 

1 

0.0013 

0.0000 

0.0014 

0.0027 

0.0014 

0.0040 

I A 

I 

A 

If 

0.0014 

0 0000 

0.0015 

0.0029 

0 0015 

0.0043 

I A 

11 

1 

li 

0.0014 

0.0000 

0.0016 

0 0030 

0.0016 

0.0044 

If 

i| 

[ * 

If 

0 0015 

0.0000 

0.0018 

0 0033 

0 0018 

0.0048 

If 

i] 


ij 

0.0016 

0.0000 

0.0020 

0.0036 

0.0020 

0.0052 


2k 


2 

0.0016 

0.0000 

0.0022 

0 0038 

0.0022 

0.0054 

2 \ 



2l 

0.0017 

0.0000 

0.0024 

0.0041 

0.0024 

0.0058 

2I 

2] 


2 k 

0.0018 

0.0000 

0.0026 

0.0044 

0.0026 

0.0062 

'^1 

3 i 

3 

0.0019 

0.0000 

0.0029 

0.0048 

0.0029 

0.0067 

3 i 

3 } 

3k 

0.0020 

0.0000 

0.0032 

0.0052 

0.0032 

0.0072 

3 l 

4 i 

4 

0.0021 

0.0000 

0.0035 

0.0056 

0.0035 

0.0077 

4 i 

4 l 


4k 

0.0021 

0.0000 

0.0038 

0.0059 

0,0038 

0.0080 

41 


5 

0.0022 

0.0000 

0.0041 

0.0063 

0.0041 

0.008s 

si 

6i 


6 

0.0024 

0.0000 

0.0046 

0.0070 

0.0046 

0.0094 




7 

0.002^ 

0.0000 

0.0051 

0.0076 

0.0051 

o.oroi 

7 i 

8i 

8 

0.0026 

0.0000 

0.0056 

0.0082 

0.0056 

0,0108 


♦Note: + denotes clearances or amount of looseness. 



Summary of Data 

Hole Shaft 

Tightest fit. 1. 2SOO i. 2484 

Loosest fit. I. 2514 1.2470 

Formulas 

When d » mean size, 

Hole tolerance =» 0.0013*^5 
Shaft tolerance ■» 0.0013-^^ 
Allowance ■■ 0.0014^ d* 


0.0016 Allowance 
0.0044 Allowance 
-H Tolerances 
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Table 6.—Medium Fit (Class 3)—Medium Allowance 
Interchangeable 

For running fits under 600 r.p.m. and with journal pressures less 
than 600 pounds per square inch; also for sliding fits, and the more 
accurate machine-tool and automotive parts. 

(All Dimensions in Inches) 


Size 

Limits 

1 

Tightest 

Fit 

Loosest 

Fit 

From 

Up to 
and 
Inclu- 

Mean 

Hole or 
External 
Member 

i 

Shaft or 
Internal 
Member 

Allow¬ 

ance 

Allow¬ 
ance 4- 
Toler- 
ances 


sive 


+ 


- i 

- 

4 - * 

4 * 

0 

ji, 


0.0004 

0.0000 

0 0002 

0.0006 

0 0002 

0.ooro 

A 

A 

i 

0.0005 

0.0000 

0.0004 

0.0009 

0.0004 

0.0014 

A 

A 

i 

0.0006 

0.0000 

0.0005 

O.OOII 

0.0005 

0.0017 

A 

A 

h 

0.0006 

0.0000 

0.0006 

0.0012 

0.0006 

0.00x8 

A 


1 

0.0007 

0.0000 

0.0007 

0 0014 

0.0007 

0.0021 


la 


0.0007 

0.0000 

0.0007 

0.0014 

0.0007 

0.0021 

t 

n 

1 

0.0008 

0.0000 

0.0008 

0.0016 

0.0008 

0 0024 

U 

I A 

I 

0.0008 

0.0000 

0.0009 

0.0017 

0.0009 

0.0025 

I A 

I A 


0.0008 

0.0000 

0.0010 

0.0018 

0.0010 

0.0026 

I A 

It 

ij 

0.0009 

0.0000 

0.0010 

0.0019 

0.0010 

0.0028 

11 

ij 


0.0009 

0.0000 

0.0012 

0.0021 

0 0012 

0.0030 

11 

ij 

li 

0.0010 

0.0000 

0.0013 

0.0023 

0.0013 

0.0033 

1 1 


2 

0.0010 

0.0000 

0.0014 

0.0024 

0.0014 

0.0034 

2I 

2| 

2I 

0.0010 

0.0000 

0.0015 

0.0025 

0.0015 

0.0035 

2? 

2i 

2i 

O.OOII 

0.0000 

0.0017 

0.0028 

0.0017 

0.0039 

2i 

3 f 

3 

0.0012 

0.0000 

0.0019 

0.0031 

0.0019 

0.0043 

.3 1 

3 i 

3 i 

0.0012 

0.0000 

0.0021 

0.0033 

0.0021 

0.004s 

M 

4 i 

4 

0.0013 

0.0000 

0.0023 

0.0036 

0.0023 

0.0049 

4 i 

4 i 

4 i 

0.0013 

0.0000 

0.0025 

0.0038 

0.0025 

0.0051 

4 } 

si 

S 

0.0014 

0.0000 

0.0026 

0.0040 

0.0026 

0.0054 

5 h 

6* 

6 

0.0015 

0.0000 

0.0030 

0.0045 

0.0030 1 

0.0060 

6i 

7* 

7 

0.0015 

0.0000 

0.0033 

0.0048 

0.0033 

0.0063 

7 i 

8i 

8 

0.0016 

0,0000 

0.0036 

0.0052j 

0.0036 1 

0.0068 


♦Note: 4- denotes clearance or amount of looseness. 



Summary of Data 

Hole Shaft 

Tightest fit. 3.0000 2.9981 0.0019 Allowance 

Loosest fit. 3.0012 2.9969 o.0043 Allowance 

+ Tolerances 


Formulas 

When d — mean size, 

Hole tolerance •=■ o.ooo 8'^5 
Shaft tolerance — o.oooS-^J 
Allowance -• 
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Table 7.—Snug Fit (Class 4) —Zero Allowance 
Interchangeable 

This is the closest fit which ciin be assembled by hand and necessi¬ 
tates work of considerable precision. It should be used where no 
perceptible shake is permissible and where moving parts are not 
intended to move freely under load. 

(All Dimensions in Inches) 


Size 

Limits 

Tightc.st 

Fit 

Loosest 

Fit 




1 


1 





Up to 


Hole or 

Shaft or 


ance -f- 



External 

Internal 

aiu e 

From 

and 

Inclu- 

Mean 

Member 

Member 

1 

ances 


sive 


+ 



- 



0 

A 

k 

0 0003 

0.0000 

0.0000 

0.0002 

0.0000 

0.0005 

A 

A 

k 

0 0004 

0 0000 

0.0000 

0.0003 

0.0000 

0.0007 

A 

A 

i 

0.0004 

0.0000 

0.0000 

0.0003 

0.0000 

0.0007 

A 

A 

1 

0.0005 

0.0000 

0.0000 

0.0003 

0.0000 

0.0008 

A 

H 

i 

0.0005 

0.0000 

0.0000 

0.0003 

0.0000 

0.0008 

tt 

H 


0.0005 

0.0000 

0.0000 

0.0004 

0.0000 

0.0009 

H 

H 

ff 

0 0006 

0.0000 

0.0000 

0.0004 

0.0000 

0.0010 

H 

I A 

I 

0.0006 

0.0000 

0.0000 

0.0004 

0.0000 

0.0010 

I A 

I A 

li 

0.0006 

0.0000 

0.0000 

0.0004 

0.0000 

0.0010 

I A 

li 

Ik 

0.0006 

0.0000 

0.0000 

0.0004 

0.0000 

0.0010 

If 

i| 

li 

0.0007 

0.0000 

0.0000 

0.0005 

0.0000 

0.0012 

if 

li 

If 

0.0007 

0.0000 

0.0000 

0.0005 

0.0000 

0.0012 

G 

2 k 

2 

0.0008 

0.0000 

0.0000 

0.0005 

0.0000 

0.0013 

2i 

2i 

2 k 

0.0008 

0.0000 

0.0000 

0.0005 

0.0000 

0.0013 

2 \ 

2 k 

2 \ 

0.0008 

0.0000 

0.0000 

0.0005 

0.0000 

0.0013 

2} 

3 k 

3 

0.0009 

0.0000 

0.0000 

0.0006 

0.0000 

0.0015 

3 i 

3 l 

3 l 

0 .0009 

0.0000 

0.0000 

0.0006 

0.0000 

o.oois 

3 l 

4 i 

4 

0 0010 

0.0000 

0.0000 

0.0006 

0.0000 

0.0016 

4 i 

41 * 

4 l 

0.0010 

0.0000 

0.0000 

0.0007 

0.0000 

0 0017 

4 i 

Si 

S 

0.0010 

0.0000 

0.0000 

0.0007 

0.0000 

0 0017 


61 

6 

0.00II 

0.0000 

0.0000 

0.0007 

0.0000 

0.0018 

61 

7 l 

7 

0.00II 

0.0000 

0.0000 

0.0008 

0.0000 

0 0019 


81 

8 

0.0012 

0.0000 

0.0000 

0.0008 

0.0000 

0.0020 


* Note: -{- denotes clearance or amount of looseness. 



O.^bOO^QQQQQ 


- 0.0003 

Shocr+ 
^InfernalA 
\Membery 


Hole 

(Exfemal Member) 


Summary of Dimensions 
Hole Shaft 

Tightest fit ... . 0.2500 0.2500 0.0000 
Allowance 

Loosest fit.0.2504 0.2497 0.0007 

Allowance + Tolerances 

Formulas 

When d <= mean si^e. 

Hole tolerance =■ 0.0006 d. 
Shaft tolerance = 0.0004 
Allowance “ 0.0000. 
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Table 8.—Wringing Fit (Class 5)—Zero to Negative Allow¬ 
ance Selective Assembly 

This is also known as a “tunking fit” and it is practically metal- 
to-metaL Assembly is usually selective and not interchangeable. 
(All Dimensions in Inches) 


Size 

Limits 

Tight¬ 

est 

Fit 

Loosest 

Fit 

Selected 

Fit 





Shaft or 

Allow- 

Allow- 

Average 


Up to 
and 
Inclu- 


External 

Internal 

ance + 

Inter- 

From 

Mean 

Member 

Member 

ance 

Toler- 

ference 






ances 

of metal 


sive 


+ 


+ 


_ ♦ 

+ * 


0 

j- 

i 

0.0003 

0.0000 

0,0002 

0.0000 

0,0002 

0,0003 

0,0000 

A 

A 

i 

0.0004 

0.0000 

0.0003 

0.0000 

0.0003 

0.0004 

0.0000 

A 

A 

1 

0 0004 

0.0000 

0.0003 

0.0000 

0.0003 

0.0004 

0.0000 

A 

A 

i 

0 0005 

0.0000 

0.0003 

0.0000 

0.0003 

0.0005 

0.0000 

A 

H 

f 

0.0005 

0.0000 

0.0003 

0.0000 

0.0003 

0.0005 

0.0000 


U 


0.0005 

0.0000 

0.0004 

0.0000 

0.0004 

0.0005 

0.0000 

h 

H 

1 

0,0006 

0.0000 

0.0004 

0.0000 

0.0004 

0.0006 

0.0000 


I A 

I 

0.0006 

0.0000 

0,0004 

0.0000 

0.0004 

0.0006 

0.0000 

I A 

IA 

li 

0.0006 

0.0000 

0.0004 

0.0000 

0.0004 

0.0006 

0.0000 

I A 

li 

iJ 

0.0006 

0.0000 

0.0004 

0.0000 

0.0004 

0.0006 

0.0000 

i| 

If 

li 

0.0007 

0.0000 

0.0005 

0.0000 

0 0005 

0.0007 

0.0000 

If 


li 

0.0007 

0.0000 

0.0005 

0.0000 

0.0005 

0.0007 

0.0000 

li 

1 

2 

0.0008 

0.0000 

0.0005 

0.0000 

0.0005 

0.0008 

0.0000 


2| 

2 \ 

0.0008 

0.0000 

0.0005 

0.0000 

0.0005 

0.0008 

0 0000 

21 

2} 

2i 

0,0008 

0.0000 

0.0005 

0.0000 

0.0005 

0.0008 

0.0000 

2I 

3i 

3 

0.0009 

0.0000 

0.0006 

0.0000 

0.0006 

0.0009 

0.0000 

3i 

3} 

3i 

0 .0009 

0.0000 

0.0006 

0.0000 

0.0006 

0.0009 

0.0000 

3 l 

4 i 

4 

0.0010 

0.0000 

0 0006 

0,0000 

0.0006 

0.0010 

0.0000 

4i 

4 i 

4 i 

0.0010 

0.0000 

0,0007 

0.0000 

0.0007 

0.0010 

0.0000 

4i 

si 

5 

0.0010 

0.0000 

0.0007 

0.0000 

0.0007 

0.0010 

0.0000 

si 

6 i 

6 

0.00II 

0.0000 

0.0007 

0.0000 

0.0007 

O.OOII 

0.0000 

6i 

7 i 

7 

O.OOII 

0.0000 

0.0008 

0.0000 

0.0008 

O.OOII 

0.0000 

7 i 

8i 

8 

0.0012 

0.0000 

0.0008 

0.0000 

0.0008 

0.0012 

0.0000 


* Note, -denotes interference of metal or negative allowance; -f- denotes 

clearance or amount of looseness. 


Summary ok Dimensions 

Hole Shaft 

Tightest fit. . 0.6250 o 6253 —0.0003 
Loosest fit .. 0 625.'; 0.6250 +0.0005 
Selected fit. . 0.6250 0.6250 0.0000 

Formulas 

When d == mean siz^ 

Hole tolerance = 0,0006 

Shaft tolerance = 0.0004'^d. 

Average interfer¬ 
ence of metal =» 0.0000. 


/O/'OiT/O "i" 0.0005 
0.6250 ^0.0000 



U.b2b0 .0,0000 


Hole ShocTf 
tx+ernalj /ln+ernoil\ 
, Member/ V^^Gmbe^/ 


The average interference of metal is the desired condition and must be 
obtained by selective assembly, that is, by mating large shafts in large holes 
and small shafts in small holes. 
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Table 9.—Tight Fit (Class 6)—Slight Negative Allowance 
Selective Assembly 

Light pressure is required to assemble these fits and the parts are 
more or less permanently assembled, such as the fixed ends of 
studs for gears, pulleys, rocker arms, etc. These fits are used for 
drive fits in thin sections or extremely long fits in other sections, 
and also for shrink fits on very light sections. Used in automotive, 
ordnance and general machine manufacturing. 

(All Dimensions in Inches) 


Size 

Limits 

Tight¬ 

est 

Fit 

Loosest 

Fit 

Selected 

Fit 

From 

Up to 
and 
Inclu¬ 
sive 

Mean 

Hole or 
External 
Member 

Shaft or 
Internal 
Member 

Allow¬ 

ance 

Allow¬ 
ance -f 1 
Toler¬ 
ances 

Average 
Inter¬ 
ference 
of metal 

+ 


+ 

+ 

_ * 

* 

— ^ 

0 


A 


0.0003 

0.0000 

0.0003 

0.0000 

0.0003 

-f-o, 0003 

0.0000 



A 

1 

0.0004 

0.0000 

0.0005 

0.0001 

0.0005 

4 - 0.0003 

0.0001 



A 

i 

0.0004 

0.0000 

0.0005 

0.0001 

0.0005 

4 - 0,0003 

0.0001 


h 

A 

\ 

0,0005 

0.0000 

0.00061 

0.0001 

0.0006 

4-0.0004 

0.0001 



II 

\ 

0.0005 

0.0000 

0.0007 

0.0002 

0.0007 

-Ho. 0003 

0.0002 


4 

fl 

i 

0.0005 

0.0000 

0.0007 

0.0002 

0.0007 

-Ho. 0003 

0.0002 


-1 

II 

1 

0.0006 

0.0000 

0.0008 

0.0002 

0.0008 

4-0.0004 

0.0002 


i 

I A 

1 

0.0006 

0.0000 

0.0009 

0.0003 

0.0009 

-Ho.0003 

0.0003 

I iV 

IA 


0.0006 

0.0000 

0.0009 

0,0003 

0.0009 

4-0.0003 

0.0003 

1J 


I} 

4 

0 0006 

0.0000 

0.0009 

0.0003 

0.0009 

-j-o. 0003 

0.0003 

If 


If 

if 

0.0007 

0.0000 

O.OOII 

0.0004 

O.OOII 

4 - 0.0003 

0.0004 

If 


i| 

1} 

0,0007 

0.0000 

O.OOII 

0.0004 

0.001 I 

-Ho. 0003 

0.0004 

x| 



2 

0.0008 

0.0000 

0.0013 

0.0005 

0.0013 

4 - 0.0003 

0.0005 



2f 

2i 

0.0008 

0.0000 

0.0014 

0.0006 

0,0014 

-Ho.0002 

0.0006 

2| 


2f 

2 i 

0.0008 

jO . 0000 

[0.0014 

0.0006 

0.0014 

-Ho.0002 

0.0006 

2I 


3 i 

3 , 

0.0009 

0.0000 

0.0017 

0.0008 

0.0017 

4-0.0001 

0.0008 

3 i 


3I 

3 i 

0.0009 

0.0000 

0.0018 

0.0009 

b.0018 

— 0.0000 

0.0009 

3 i 


4 i 

4 

0.0010 

0.0000 

0.0020 

0.0010 

0.0020 

— 0.0000 

0.0010 

4 i 


4 i 


0.0010 

0.0000 

0.0021 

O.OOII 

0.0021 

— 0.0001 

O.OOII 

4 


5 i 

5 

0.0010 

0.0000 

0.0023 

0.0013 

0.0023 

— 0.0003 

0 0013 

5 



6 

O.OOII 

0.0000 

0.0026 

o.oois 

0.0026 

— 0.0004 

O.OOIS 

6 


1 71 

7 

0.001I 

0.0000 

0.0029 

0.0018 

0.0029 

— 0.0007 

0.0018 

71 


1 ** 

8 

0.0012 

0.0000 

0.0032 

0.0020 

0.0032 

— 0.0008 

i 

0.0020 

1 


★ Note. -denotes interference of metal or negative allowance, -f 

denotes clearance or amount of looseness. 
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Summary of Dimensions 
Hole Shaft 


Tightest fit. 0.75000.7507 -0.0007 

Loosest fit. 0.7505 0.7502 -1-0.0003 

[•Selected fit. 0.7500 0.7502 —0.0002 

fSelected fit. 0.7S05 0.7S07 —0.0002 

Hole stress =» 2,608 pounds per square inch. 
Force for pressing — i X 0.149 «** 0.075 ton 
tSmall shaft in small hole. 

XLarge shaft in large hole. 
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Greatest Hole Stress. Steel Shaft in Force for Pressing Steel Shaft into 

Cast-Iron Hole, 
Tons 
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A «= allowance, d — mean size. Values for stress and force are true only when hub diameter equals twice the hole diameter. 
The force values are for fit i inch long. For other lengths multiply by the length of fit in inches. 

The values of greatest hole stress are for a mean diameter sizes only. For other sizes in a step, the interference per inch of 
diameter and hence the greatest hole stress will vary from the vaiuos given in the table by less than lo per cent. 
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Table ii.—Medium Force Fit (Class 7)—Negative Allowance 
Selective Assembly 

Considerable pressure is required to assemble these fits and the parts are 
considered permanently assembled. These fits are used in fastening locomo¬ 
tive wheels, car wheels, armatures of dynamos and motors, and crank disks 
to their axles or shafts. They arc also used for shrink fits on medium sections 
or long fits. These fits are the tightest which are recommended for cast-iron 
holes or external members as they stress cast iron to its elastic limit. 

(All Dimensions in Inches.) 


Size 

Limit 

Tight¬ 
est 
Fit 1 

Loosest 

Fit 

Selected 

Fit 

From 

Up to 
and 
Inclu¬ 
sive 

Mean' 

Hole or 
External 
Member 

Shaft or 
Internal i 
Member 

Allow¬ 

ance 

— ♦ 

Allow¬ 
ance -f- 
Toler- 
ances 

* 

Average 
Inter¬ 
ference 
of metal 

1 + 


1 -f 1 

I + 

_ + 

0 


A 

i 

0.0003 

0.0000 

0.0004 

0.0001 

0 

c 

0 

d 

+ 0.0002 

0.0001 


A 

A 

1 

4 

0.0004 

0.0000 

0.0005 

0 0001 

0.0005 

+ 0.0003 

0.0001 


A 

A 

i 

0.0004 

0.0000 

0.0006 

0.0002 

0.0006 

, + 0,0002 

0.0002 


A 

A 

i 

0.0005 

0.0000 

0.0008 

0.0003 

oc 

0 

0 

0 

0 

+ 0.0002 

0.0003 


A 

Ii 

1 

0.0005 

0.0000 

0.0008 

0.0003 

0.0008 

+ 0.0002 

0.0003 


fl 

H 

1 

0.0005 

0.0000 

0.0009 

0.0004 

0.0009 

+ 0.0001 

0 0004 


fj 


1 

0.0006 

0.0000 

0.0010 

0.0004 

0.0010 

+ 0.0002 

0.0004 


IA 

I 

0.0006 

0.0000 

O.OOII 

0.0005 

O.OOII 

1 + 0.0001 

0.0005 

IA 

IA 

Ii 

0.0006 

0.0000 

0.0012 

0.0006 

0.0012 

0.0000 

0.0006 

I -A 

li 

Ii 

0.0006 

0.0000 

0 0012 

0 0006 

0.0012 

0.0000 

0.0006 

Ii 


If 

li 

0.0007 

0.0000 

0.00I5 

0.0008 

0.0015 

— 0.0001 

0.0008 

Ii 


li 

if 

0.0007 

0.0000 

0.0016 

0.0009 

0.0016 

— 0.0002 

0.0009 

li 


2i 

2 

0.0008 

0.0000 

0.0018 

0.0010 

0.0018 

— 0.0002 

O.OOIO 

2i 


2| 

2i 

0.0008 

0.0000 

0.0019 

O.OOII 

0,0019 

— 0 0003 

O.OOII 



2 i 

2 h \ 

0 0008 

0 0000 

0.0021 

0.0013 

0.0021 

— 0.0005 

0 0013 

2 


3 i 

3 

0.0000 

0.0000 

0.0024 

0.0015 

0.0024 

— 0.0006 

0.0015 

3] 


3 f 

3 i 

0.0009 

0.0000 

0 0027 

0.0018 

0.0027 

— 0.0009 

0.0018 

3 i 


4 i 

4 

0.0010 

0.0000 

0.0030 

0.0020 

0.0030 

— 0.0010 

0.0020 

4 i 


4 i 

4 i' 

0.0010 

0 0000 

0.0033 

0.0023' 

0.0033 

—0.00T3 

0 0023 



si 

5 

0.0010 

0.0000 

0 0035 

0.0025 

0.003.^ 

— 0.0015 

0.0025 




6 

0.001I 

0.0000 

0 0041 

0 0030 

0 0041 

— 0.0019 

0.0030 

bi 


7 i 

7 

O.OOII 

0.0000 

0.0046 

0.0035 

0.0046 

— 0.0024 

0.0035 

7\ 


Si 

8 

0.0012 

0.0000 

0.00521 

0 

0 

0 

0 

0.0052 

— 0.0028 

0.0040 



9i 

9 

0.0012 

0.0000 

0 0057 ' 

0 0045 

0.0057 

— 0.0033 

0.004s 

loJ 


III 

10 

0.0013 

0.0000 

0.0063 

0.0050 

0.0063 

— 0.0037 

0.0050 

III 


13 

12 

0.0014 

0.0000 

0.0074 

0.0060 

0.0074 

0.0046 

0.0060 

13 



4 

0.0014 

0.0000 

0.0084 

0.0070 

0.0084 

— 0.0056 

0.0070 

IS 


17 

16 

o.oois 

0.0000 

0.0095 

0.0080 

0.0095 

— 0.0065 

0.0080 

17 


19 

18 

0.0016 

0.0000 

0.oro6 

0.0090 

0.0106 

— 0.0074 

0.0090 

19 


22 

20 

0 0016 

0.0000 

0.0116 

0.0100 

0.OT16 

— 0.0084 

0.0100 

22 


26 

24 

0.0017 

0.0000 

0.0137 

0.0120 

0.0137 

— 0.0103 

0.0120 

26 


30 

28 

0.0018 

0.0000 

0.0158 

0.0140 

0.0158 

— 0 0122 

0,0140 

30 


34 

32 

0.0019 

0,0000 

0.0179 

0.0160 

0.0179 

— 0.0141 

0.0160 

34 


38 

36 

0.0020 

0.0000 

0.0200 

0.0180 

0.0200 

— 0.0160 

0.0180 

38 


44 

40 

0.0021 

0.0000 

0.0221 

0.0200 

0.0221 

— 0.0179 

0,0200 

44 


52 

48 

0.0022 

0.0000 

0.0262 

0.0240 

0.0262 

— 0.0218 

0,0240 

52 


60 

56 

0.0023 

0.0000 

0.0303 

0.0280 

0.0303 

— 0.0257 

0.0280 

60 


68 

64 

0.0024 

0 0000 

0.0344 

0.0320 

0.0344 

— 0.0296 

0,0320 

68 


76 

72 

0.0025 

0.0000 

0 0385 

0.0360 

0.0385 

-0.033s 

0.0360 

76 


88 

80 

0.0026 

0.0000 

0.0426 

0.0400 

0.0426 

-0.0374 

0.0400 

88 


104 

96 

0.0027 

0.0000 

0.0507 

0 0480 

0.0507 

- 0.0453 

0.0480 

104 


120 

112 

0.0029 

0.0000 

0.0589 

0.0560 

0.0580 

- 0 . 0 S 3 I 

0.0560 

120 

_ 

136 

128 

0.0030 

0.0000 

0.0670 

0 0640 

0.0670 

— 0.0610 

0.0640 


* Note. -denotes interference of metal or negative allowance, -b 

denotes clearance or amount of looseness. 
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attainable manufacturing tolerances are established, then the 
completed parts are sorted or mated according to size so as to main¬ 
tain the required functional conditions. The productive processes 
here are the same as those for interchangeable manufacturing, with 
the addition of a sorting or mating operation before assembly. 

Tables 8 to 14 show the limiting sizes for the manufacture of 
mating parts which are to be assembled by selection. 


Summary of Dimensions 

Hole Shaft 

Tightest fit. 56 0000 56 0583 

Loosest fit. 56 0023 56.0560 

tSelected fit. 56 0000 56.0560 

tSelected fit. 56 0023 56.0583 

Hole stress = 29,000 pounds per square inch. 
tSmall shaft in small hole. 


J Large shaft in large hole. 

Formulas 

When d = mean size. 

Plole tolerance = o.opo 6\/5. 
Shaft tolerance = 0.0006 


-0.0583 

-0.0537 

— 0.0560 

— 0.0560 


Average interference of metal = o.qoid. 

The average interference of metal given is the desired condition and must 
be obtained by selectiye assembly, that is, by mating large shafts in large 
holes and small shafts in small holes. 

For hole and shaft tolerances, the same formulas were used for sizes larger 
than 8 inches, although there were no data available for these diameters. 


6fte\ 


Caa-V Iron 


D 

j aToc 1 0 0000 

• Q 0009 

^OOOOO 




6hoft 


Hole 








Summary of Dimensions 

Hole Shaft 

Tightest fit. I 9375 i 9393 

Loosest fit. I 9383 1.9385 

Selected fit. i 9375 i 9385 

Selected fit. i 9383 i • 9393 

Hole stress = .5,216 pounds per square inch. 

Force for pressing = 3 X 0.747 = 2.241 tons. 


When d => mean size. 


Formulas 


— 0.0018 

— 0.0002 

— 0.0010 

— 0.0010 


Hole tolerance ^ 0.0006. 

Shaft tolerance «= 0.0006 

Average interference of metal =» o.qoosd. 

The average interference of metal given is the desired condition and must 
bo obtained by selective assembly, that is, by mating large shafts in large 
holes and small shafts in small holes. 

For hole and shaft tolerances, the same formulas were used for sizes larger 
than 8 inches, although no data were available for these diameters. 
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The values of greatest hole stress are for mean diameter sizes only. For other sizes in a step, the interference per inch of 
diameter and hence the greatest hole stress will vary from the values given in the table by less than lo per cent. Where greater 
accuracy for the intermediate steps is required, the interference per inch of diameter should be obtained by use of the formula: 
Average interference of metal =» o.ooos d, in which d is the diameter of the hole for which the size of the shaft is being computed. 
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Table 13.—Heavy Force and Shrink Fit (Class 8)—Consider¬ 
able Negative Allowance Selective Assembly 
These fits are used for steel holes where the metal can be stressed 
to its elastic limit. These fits cause excessive stress for cast-iron 
holes. Shrink fits are used where heavy force fits are impractical, 
as on locomotive wheel tires, heavy crank discs of large engines, etc. 
(All Dimensions in Inches) 


Size 

Limits 

Tight¬ 

est 

Fit 

Loosest 

Fit 

Selected 

Fit 
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Up to 
and 
Inclu¬ 
sive 

Mean 

Hole or 
External 
Member 

Shaft or 
Internal 
Member ' 

1 
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inter¬ 
ference 
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Explanatory Notes 

In the table reproduced below many of the terms in common use 
in the shops of the country are given with the equivalent term 
which the A.S.M.E. Committee’s report recommends: 


Greatest tightness 

Least looseness 

Tighest fit 

Neutral zone 

Maximum metal 

Are all common 
terms which have 
the same meaning 
as— 

Allowance 

Least tightness 

Greatest looseness 
Loosest fit 

Minimum metal 

Are all common 
terms which have 
the same meaning 
as— 

Allowance 

Plus 

Tolerances 

Difference between larg¬ 
est and smallest per¬ 

Now 

termed— 


missible size of either 

Tolerance 

members. Variation in 
the size allowed 



The basis for the foregoing recommended allowances and toler¬ 
ances is a classification of fits quite commonly known to the manu¬ 
facturing public. Interference between mating parts takes place 
at the exact basic value of the dimension; hence, an accepted pair 
of mating standard gages become the “go” gages for mating parts 
which will prevent interference at the basic value of the dimension. 

Because of the lack of a uniform and acceptable method of 
measuring the fitting surfaces of the external members of a pair 
of mating parts, it is recommended that plugs, blocks, discs, and 
rods govern the checking of external members for the reason that 
usually the same measuring device will check for accuracy both the 
internal member and the gage for the external member, thus 
avoiding an interference when both members appear to have the 
same dimension. 

To Illustrate. —If a 2 -inch hole be measured with an inside 
micrometer and a shaft be measured with an outside micrometer, 
and both measure exactly 2 inches, there is no assurance they will go 
together; but, unless there were a definite understanding in a con¬ 
tract, the pieces might be ruled acceptable by law. If, however, the 
2 -inch hole would receive a plug gage which measured exactly 2 
inches by a measuring machine, it would also receive an accurately 
finished shaft of the same size when measured by the same machine. 

It is well known that a correct pair of plug and ring gages 2 inches 
in diameter will each check parts that will go together. It is also 
well known that the character of fit depends on the rotundity, 
parallelism, size, and, in some cases, contour of the mating parts, 
and that for cylindrical fits in mating parts, plug and ring gages are 
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MEASURING AND FITTING 



diameter of fit in inches. 
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the only sure means of determining whether or not parts will go 
together. If either member of a pair of mating parts is three- or 
five-cornered, a snap gage or micrometer will not ensure their going 
together. 

In the foregoing allowances and tolerances, the best practice 
available was considered, and where differences occurred, a compro¬ 
mise was attempted. The tolerances on holes apply only to reamed 
holes, or holes having a finish equivalent to reaming. From the 
standpoint of satisfactory performance, the tightest and loosest fits 
permissible are the all-important considerations. From a manu¬ 
facturing standpoint, tolerances are the important factors. Hence 
both the tightest and loosest fits permissible must combine the 
tolerance and allowance, and therefore both allowance and tolerance 
must be considered for all-round satisfactory conditions. 

It is not deemed to be feasible to include in this report allowances 
and tolerances which will apply to all work. In the industries 
many so-called standard fits are made which are not interchange¬ 
able, and an attempt to make them so would be prohibitive in cost. 
These fits, however, must be made on a production basis, and it 
is believed that the tables here given will be found to contain 
allowances and tolerances which are suitable for most work, even 
if some selection or individual fitting of parts is desired. 

In choosing the class of fit for manufacture, the engineer should 
keep in mind that cost usually increases proportionately to the 
accuracy required, and no finer class of fit should be chosen than 
the functional requirements actually demand. It is axiomatic 
that the closer the fit, the smaller the manufacturing tolerance, and, 
usually, the greater the cost. The length of engagement of the fit 
also plays an important part in the selection of the class of fit for 
a piece of work. It is obvious that a long engagement will tolerate 
more looseness than a short one, and due regard should be paid 
to this feature. 


INTERNATIONAL STANDARDS 

Revision of the American tentative standard for allowances and 
tolerances for cylindrical parts and limit gages (B4a-i925) has been 
under consideration for several years. Meanwhile, the so-called 
“ISA System of Tits” has been developed by a technical committee 
of the International Standards Association, a federation of the 
national standardizing bodies in 21 countries, including the Ameri¬ 
can Standards Association. The ISA System of Fits, established 
to create international uniformity of practice, has already been 
adopted in 15 countries as their national standard. The ASA com¬ 
mittee is studying the question whether the ISA system can be 
adopted, either in its original or a somewhat modified form, as an 
American standard. The British Standards Institution is making 
a similar study. 

A.S.M.E. SPECIFICATIONS FOR PLAIN LIMIT GAGES 

The following specifications are for the purpose of establishing 
definite limits for plain limit gages rather than for the purpose of 
specifying the gages required for the various inspection operations. 
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Gages are classified according to accuracy into Classes X, Y, and 
Z, the Class X being the closest to the extreme limits. The toler¬ 
ance limits on Classes Y and Z “go” gages are placed inside the 
extreme product limits to provide allowance for wear of the gages. 
The tolerances on all “not go ” gages, however, are applied from the 
extreme product limit as the starting point, as no allowance for 
wear is necessary. The selection of gages from among these classes 
for use in the inspection of product depends entirely upon the speci¬ 
fications for the product. For example, Table 6, page 741, in the 
production of parts to Class 3, Medium Fit Specifications, Class X 
gages may be required for all purposes. For parts made to Class i, 
Loose Fit Specifications, Class Z gages may be satisfactory for all 
purposes. 

Gages should be tested periodically for wear and to ensure that 
they are properly distributed. When successive inspections in the 
same plant are involved, it is good practice to inspect all gages of 
the same nominal size against each other periodically and to 
distribute these gages so that the earlier inspections are made of 
those which are the greatest amount inside the component limits; 
the later inspections will be made of those which are closest in size 
to the component limits, “Go” gages may be permitted to wear 
to the extreme product limits. It is purely a question of economy 
as to when the “ not go ” gage should be discarded. Continued use 
reduces the available working tolerance on the product, and the 
resulting loss must be balanced against the cost of a new gage. 

Plain plug gages of inches, and less, diameter should be made 
with plug inserted in the handle and securely fastened. Plain 
plug gages of more than i J inches diameter should have the gaging 
blank so made as to be reversible. The “not go” plain plug gage 
should be distinguished from the “go” gage by having it noticeably 
shorter. 

Ring gages—both “go” and “not go”—should, if made circular, 
have their outside diameters knurled. The “not go” ring should 
be distinguished from the “go” ring by being noticeably thinner. 

Snap gages may be either adjustable or nonadjustable. It is 
recommended that all snap gages up to and including J inch be of 
the built-up type. Sufficient clearance in the depth of the gage 
should be provided to permit the gaging of cylindrical work. 

Snap gages for measuring lengths and diameters may have one 
gaging dimension only, or may have a maximum and minimum gag¬ 
ing dimension both on one end or on opposite ends of the gage. 
When the maximum and minimum gaging dimensions are placed 
on opposite ends of the gage, the maximum or “go ” end of the snap 
gage should be distinguished from the minimum or “not go” and 
by having the corners of the gage on the “go” end noticeably 
chamfered. 

Dimensions recommended for plain plug, ring, and snap gages are 
given in tables that follow. 
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Snap Gages for Diameters 

Where standard adjustable gages cannot conveniently be used 
(Dimensions in Inches) 
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STANDARD GAGES 

The American Gage Design Committee’s recommendations for 
gage standards have been accepted as of Jan. i, 1931 and are out¬ 
lined herewith. The two types of plug gages are shown in Figs. 



Range: Above 0.059to and including OJIO/ncbes; 
Optional above 1.510 to and including 2.510 inches 


Fig. 20 



Range. Above 2.510 to and including 4.510 inches 


Fig. 21 

Figs. 20 and 21.—American Gage Design Standard Plain Cylin¬ 
drical Plug Gages, Details of Construction 

1. “Go” Gaging member. 9. Progressive gaging member. 

2. “Not go” gaging member. 10. Handle for reversible gage. 

3. Progressive gaging member. ii. Socket head screw. 

4. Shank. 12. Locking prong. 

5'. Taper lock handle. 13. Locking groove. 

6. Drift hole (or slot). 14. Cr9ss-pin hole. 

7. “Go” gaging member. 15. Hexagon head screw. 

8. “ Not go ” gaging member. 16. Web. 

20 and 21. The first holds the gaging plug in the handle by a taper 
of i inch per foot and is recommended from 0.059 to 1.510 inches but 
is optional up to 2.510 inches. For larger sizes, the type shown in 
Fig. 21 is advised. Three prongs on the handle, 120 degrees apart, 
mate with corresponding grooves on the ends of the plugs and 
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prevent turning. Details of both types of handles are shown. 
Thread plug gages are made in the same way. Only one drift 
hole is made in the taper handle, the other plug being driven out 
through a hole in the handle itself. Dimensions are given only 
for medium sizes. Complete dimensions are given in the Com¬ 
mittee’s report. 

Ring gages are shown in Fig. 22. On small sizes it is advised 
that a hardened-steel bushing be used in a soft-steel ring, as shown. 
Large gages have a flange for easy handling. “Not go” gages 
have a ring turned around the body. 



6O6A6E NOT6OGA6E 

Range i^bove 0510 fo and inc/uOing IS!0inches 



Range: Rbore t.SlOfo andindudingd.SIO'/nches 
/, Body 3. Flange 
2,Bu5fnng 4. Hub 

Fig. 22. —American Gage Design Standard Plain Ring Gages, 
Details of Construction 

Wear and Tolerance of Gages^ 

Gaging work is complicated by the fact that the gage maker 
must be allowed a tolerance and that gages wear in use. Many 
disputes between production and inspection are due to worn gages, 
in either or both departments. All gages should be inspected 
frequently; in some cases every hour, in others, every day or week. 
It is customary in most shops to give the worn gages to production 
so that, if the work does not pass the inspectors’ gages it can be 
salvaged. Others feel that inspection gages should have somewhat 
wider tolerances than those used by production. 

Gages should be uniformly hard although extreme hardness is 
not essential. For this reason high-carbon alloy steels are con- 

1E. J. Bryant—Greenfield Tap & Die Corp. 
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sidered best for gages. Soft steel with a thin casehardening is apt 
to become bruised. In gaging extremely hard work, a file-soft gage 
is said to give longer life than a hard gage. It is more important to 
have gaging surfaces very smooth than extremely hard. 

Plug gages wear faster at the front end, and this must be con¬ 
sidered in setting wear limits. A gage should usually be discarded 
when it is 0.0002 inch small, J inch from the end, and 0.0001 inch 
small at the back end. Dirty work or work that has grit in the 
holes, as in grinding, wears gages rapidly. The use of dogs or 
clamps on gages increases the wear. Aluminum, brass, and cast 
iron wear gages much faster than soft steel. It is sometimes 
advisable to use a small amount of light lubricant when gaging dry 
brass or aluminum. Gages should be kept clean at all times. 

A general average for gage wear is 0.0001 inch per 1,000 gagings, 
when the gages are hard and lapped smooth. 

Gage makers’ tolerances allowed by the Greenfield Tap & Die 
Corp. are as follows: 


Table 15.—Gage Makers’ Tolerances* for Cylindrical Plug 


Gages 

Class 

1 

Size Range 

Tolerance 

X —Precision lapped, for 
master and reference 
gages 

Y —Lapped finish, for in¬ 
spection and working 
gages 

Z—-Ground finish, for 

wide manufacturing 

limits 

/o.060-0.82s 
) 0.826-1 510 

J I.511-2.510 

V2.511-4-510 
/o.060-0.825 
) 0.826-1.510 
) 1.SI1-2.510 
t2.511-4-510 
/o.060-0.825 

J 0.826-1.510 
] 1.511-2.510 
1,2.511-4-510 

0 00004 

0.00006 

0 00008 

0.00010 

0.00008 

0.00010 

0.00014 

0.00018 

o.oooro 

0.00012 

0.00018 

0.00025 


* Tolerances are applied from basic plus for “go" and master gages and 
half the tolerance plus and half minus for “not go " gages. 

Allowances for Wear 

*‘Go” plug gages may be made larger than the minimum hole 
size, usually by the amount that represents the production tolerance 
for the gage, and in some instances a definite wear allowance is made 
in addition to the necessary production tolerance. Tolerances in 
one plant are shown in Table 15, which gives the regular gage 
maker’s tolerances used for plain plug gages, and in Table 16, which 
gives the ordinary gage maker’s production tolerances and allow¬ 
ances for thread gages. 

The wear on *‘not go” gages is considerably less severe than on 
“go” gages. Generally three “go” gages will be used to one “not 
go” gage. No allowances for wear other than the gage maker’s 
tolerance is provided on any “not go” gages. There are three 
practices regarding the applications of tolerances to the “not go” 
gage, as follows: 
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1. The tolerance is divided between plus and minus. 

2. Minus tolerance only is allowed on plug gages. 

3. Plus tolerance only is allowed on plug gages. 

Some manufacturers split the gage maker’s tolerance on the “not 
go” gage. For instance, where the gage maker’s tolerance is 0.0002 
inch, the “not go” gage would be basic size plus or minus 0.0001 
inch. 

The National Screw Thread Commission’s Report makes the gage 
maker’s tolerance minus on “not go” plug gages. 

The General Motors standard specification for pitch diameter on 
“not go” screw-thread gages is the maximum hole size plus gage 

Table 16.—Tolerances for All “Go” and “Not Go” Thread 

Gages 


Threads 
per Inch 

Pitch D 

Class X 
from 0 to 

iameter, in Inches* 

Class XX 

Lead,in 
Inches 

±t 

Half- 
Angle of 
Thread, 
Minutes 
± 

Major 
and 
Minor 
Diameter, 
in Inches 

From 

To 

80 

0.0002 

0.0001 

0.0003 

0.0002 

30 

0.0003 

72 

0.0002 

0.0001 

0.0003 

0.0002 

30 

0.0003 

6a 

0.0002 

0.0001 

0.0003 

0.0002 

30 

0.0004 

SO 

0.0002 

0.0001 

0.0003 

0.0002 

30 

0.0004 

48 

0.0002 

0.0001 

0.0003 

0.0002 

30 

0.0004 

44 

0.0002 

0.0001 

0.0003 

0.0002 

20 

0.0004 

40 

0.0002 

0.0001 

0.0003 

0.0002 

20 

0.0004 

36 

0.0002 

0.0001 

0.0003 

0.0002 

20 , 

0.0004 

32 

0.0002 

0.0001 

0.0003 

0.0003 

15 

0.0004 

28 

0.0002 

0.0001 

0.0003 

0.0003 

IS 

0.0005 

24 

0.0002 

0.0001 

0.0003 

0.0003 

IS 

0.0005 

20 

0. 0003 

0.00015 

0.0004s 

0.0003 

IS 

0.0005 

18 

0.0003 

o.ooois 

0.00045 

0.0003 

10 

0.0005 

16 

0.0003 

0.000IS 

0.00045 

0.0003 

10 

0.0006 

14 

0,0003 

0.00015 

0.00045 

0.0003 

10 

0.0006 

13 

0.0003 

0.00015 

0.00045 

0.0003 

10 

0.0006 

12 

0.0003 

O.OOOIS 

0.0004s 

0.0003 

10 

0.0006 

II 

0.0003 

O.OOOIS 

0.0004s 

0.0003 

10 

0.0006 

10 

0.0003 

O.OOOIS 

0.00045 

0.0003 

10 

0.0006 

9 

0,0003 

0.00015 

0.00045 

0.0003 

10 

0.0007 

8 

0.0004 

0.0002 

0.0006 

0.0004 

5 

0.0007 

7 

0.0004 

0.0002 

0.0006 

0.0004 

S 

0.0007 

6 

0.0004 

0.0002 

0.0006 

0.0004 

5 

0.0008 

5 

0.0004 

0.0002 

0.0006 

0.0004 

S 

0.0008 

4i 

0.0004 

0.0002 

0.0006 

0.0004 

S 

0.0008 

4 

0,0004 

0.0002 

0.0006 

0.0004 

1 5 

0 . 0009 

3 i 

0.0004 

0.0002 

0.0006 

0.0004 

5 

0 . 0009 


♦On "go" plugs, the tolerance is plus; on "go" rings, minus; on "not go" 
plugs, minus; and on "not go” rings, plus. 

t Allowable variation in lead between any two threads not farther apart 
than the started length of engagement, which is equal to the basic major 
diameter. 
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maker^s tolerance applied as follows: plus 0.0002 inch on sizes i to 
^ inch, inclusive, and maximum hole size to 0.0003 inch plus on 
sizes I to li inches. The corresponding “go^^ tolerances’are from 
basic size to plus 0.0002 inch on sizes i to ^ inch, and basic to plus 
0.0003 inch on sizes f to ij inches. 

It will be seen that by following the first and last practices we are 
liable to have gages that measure outside the production tolerance. 
However, with the general ruling that the “ not go ” cylindrical gage 
must not pass through the hole being gaged and a ruling of a 
Government inspection department that a “not go” thread gage 
must not enter more than two turns, it is easily demonstrated that a 
gage 0.0001 inch or even less under the nominal size will easily pass 
through a hole that is to size. This means that good work will 
be rejected if the gage manufacturing tolerance is minus and the 
“not go” gage is undersize. 

As a matter of fact, under most working conditions it is possible 
to pass a gage through a hole that is 0.000r inch smaller than the 
gage by using pressure, but this is not recommended. This condi¬ 
tion should be taken into consideration if we are to rule that work is 
acceptable only when the “not go ” gage does not enter, and it seems 
that the “ not go ” gage should be permitted to have a plus tolerance. 

From the foregoing it is evident that the product will be little if 
any over the production limits if either the first or last of these 
practices is followed. As the wear tends to reduce the size within 
the production limits, it seems that the General Motors application 
on thread gages is the more economical and would lead to no 
difficulty on properly designed parts. 

It must be remembered that using a minus gage-production 
tolerance on “not go” plug gages greatly reduces the working 
tolerance in producing the parts, particularly where these tolerances 
are between 0.0005 and 0.002 inch. The general working tolerances 
for various classes of interchangeable cylindrical fits, as given in the 
American Standard^ are shown in Table 17, and the National Screw 
Thread Commission's Class-2 and Class-3 pitch-diameter tolerances 
for thread-gage work are shown in Table 18. 

Applying the “not go” gage tolerance on the minus side may 
reduce the production tolerance by 20 per cent or more. There is 
no danger m making the “not go” gage tolerance plus or minus 
one-half the gage maker’s tolerance as the permissible error would be 
much greater than the gage tolerance, in nearly all cases. 

There is an old fallacy that a i-inch plug gage will not enter a 
I-inch ring gage. In reality, the plug may be 0.0001 inch larger 
than the hole and be forced in by hand with a a little lubricant, but 
it is not good practice. Even with gages men have different ideas 
as to how easily they should go in, or on. Some use force and 
spring the gage or the work, others let them drop over by their own 
weight. Accurate measuring devices will show how much these tw'o 
methods vary in actual sizes. 

In many cases worn gages will return to size if laid away for a year 
or two. Some people plate worn gages with chromium to restore 
size and give a hard surface; and although some find this successful, 

1 See American Engineering Standards Committee Report B4a— 1925, 
Tolerances, Allowances and Gages for Metal Pits. 
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Table 18.—National Screw Thread Commission’s Product 
Limits and Inspection-Gage Tolerances on Pitch Diameter 


Pitch 

Class 2* 
Product 

Class 3,* 
Product 

Class X.t 

Gage 

80 

0.0017 

0.0013 

0.0002 

72 

0.0018 

0.0013 

0.0002 

64 

0.0019 

0.0014 

0.0002 

SO 

0.0020 

0 001 5 

0.0002 

48 

0 0022 

0.0016 

0.0002 

44 

0.0023 

0.0016 

0.0002 

40 

0.0024 

0.0017 

0.0002 

36 

0.0025 

0 0018 

1 0.0002 

32 

0. oor .7 

0.0019 

0.0002 

28 

0.0031 

0 0022 

0.0002 

24 

0 0033 

0.0024 

0.0002 

20 

0.0036 

0.0026 

0.0003 

18 

0.0041 

0 0030 

0.0003 

16 

0.004s 

0 0032 

0.0003 

14 

0.0049 

0.0036 

0.0003 

13 

0.0052 

0.0037 

0.0003 

12 

0.0056 

0.0040 

0.0003 

II 

0.0059 

0.0042 

0.0003 

10 

0.0064 

0.0045 

0.0003 


0.0070 

0.0049 

0.0003 

8 

0.0076 

0.0054 

0.0004 

7 

0.0085 

0.0059 

0.0004 

6 

O.OIOI 

0.0071 

0 0004 

5 

0.0116 

0.0082 

0. OOOJ. 


0.0127 

0.0089 

0.0004 

4 

0.0140 

0.0097 

0.0004 


* On products, the maximum hole is basic size plus the amount given for 
tolerance on the pitch diameter and the minimum screw is basic minus the 
amount given for tolerance on the pitch diameter. The basic size is mini¬ 
mum for the hole and maximum for^^the screw. 

t On "go” plug gages, the tolerance is plus; 6 n "go ring gages minus; on 
“not go’” plug gages, minus; and on “not go” rings, plus. Check gages or 
setting plugs for ring gages take the same tolerance as the ring. 

others complain that the plating flakes off, evidently the result of 
improper plating methods. 

Tungsten carbide is used in some gages where they are used in 
mass production so that the cost is justified. Others use diamond 
contact points in special gages. For most work a good alloy steel, 
uniformly hardened and lapped very smooth after grinding, gives 
satisfactory results. 

Many gage makers and users feel that smoothness is more impor¬ 
tant than hardness to insure long gage life. Modern grinding prac¬ 
tices permit much smoother surfaces than were formerly thought 
possible. Finishes of from i§ to 4 micro-inches (millionths of an 
inch) are now being produced commercially on Blanchard and other 
surface grinding machines. 
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Snap Gages for Lengths 


Where standard adjustable gages cannot conveniently be used 
(Dimensions in Inches) 
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Tolerances for Plain Plug, Ring, and Snap Gages 


Size of 
gage, 
inches 

Tolerances foi 

Class X 

r “go” gages 

Class Y 

Class Z 

Tolerances for 
“not go” 
gages 

Limits, Tol., 
inch inch 

Limits, Tol., 
inch inch 

Limits, Tol., 
inch inch 

Limits, Tol., 
inch inch 

0-2 inch 

0.0000 0.0001 

0.0001 0.0001 

0.0002 0.0001 

0.0000 0.0001 


0.0001 . 

0.0002 . 

0.0003 . 

0.0001 . 

2-4 

0.0000 0.0002 

0.0001 0.0002 

0.0003 0.0002 

0.0000 0.0002 


0.0002 . 

0.0003 . 

0.0005 . 

0.0002 . 

4-6 

0.0000 0.0003 

0.0002 0.0003 

0.0005 0.0003 

0.0000 0.0003 


0.0003 . 

0.0005 . 

0.0008 . 

0.0008 . 

6-8 

0.0000 0.0004 

0.0003 0.0004 

0.0006 0.0004 

0.0000 0.0004 


0.0004 . 

0.0007. j 

0.0001 . 

0.0004 . 


GRINDING LIMITS FOR CYLINDRICAL PIECES 

It is Brown and Sharpe practice to consider the hole as being 
standard, and the limits shown below are based on the standard 
hole. The grinding limits for holes apply to hardened pieces. 
The holes in soft pieces are chucked to standard diameter. It is 
possible that where both parts are hardened, closer limits may be 
necessary, assuming the parts are to be assembled without fitting. 

Running Fits—Ordinary Speeds 

These limits are satisfactory for shafts running under 600 revolu¬ 
tions per minute and under ordinary w’orking conditions. Spindles 
for all purposes are to be considered as special cases. 

To §-inch diameter, inclusive.0.0005 to 0.001 Small 

To i-inch diameter, inclusive.0.00075 to 0.0015 Small 

To 2-inch diameter, inclusive.0.0015 to 0.0025 Small 

To 3|-inch diameter, inclusive.... 0.002 to 0.003 Small 

To 6-inch diameter, inclusive.0.0025 to 0.004 Small 

Running Fits—High-Speed, Heavy-Pressure, and Rocker 
Shafts 

These limits are satisfactory for shafts running more than 600 
revolutions per minute and where the working conditions are 
severe. Spindles for all purposes are to be considered as special 
cases. 

To i-inch diameter, inclusive.0.0005 to 0.001 Small 

To I-inch diameter, inclusive.0.001 to 0.002 Small 

To 2-inch diameter, inclusive.0.002 to 0.003 Small 

To 3i-inch diameter, inclusive.... 0.003 to 0.004 Small 

To 6-inch diameter, inclusive.0.004 to 0.005 Small 

Sliding Fits 

These limits are for shafts where a gear, clutch or other similar 
part slides on it continuously while the machine is in operation. 
These limits are the same as for “Running Fits—Ordinary Speeds.^’ 
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To }-inch diameter, inclusive.0.0005 to 0.001 Small 

To I-inch diameter, inclusive. 0.00075 to 0.0015 Small 

To 2-inch diameter, inclusive.0.0015 to 0.0025 Small 

To 3i-inch diameter, inclusive.... 0.002 to 0.003 Small 

To 6-inch diameter, inclusive. 0.0025 to 0.004 Small 

Standard Fits—Where the Load Is Not Heavy and Where 
THE Part Is Keyed to the Shaft and Clamped Endwise 
WITH A Nut 

These limits are suitable for light service only and where no 
fitting is to be done. 

To i-inch diameter, inclusive. Standard to 0.00025 Small 

To 3i-inch diameter, inclusive.... Standard to 0,0005 Small 

To 6-mch diameter, inclusive. Standard to 0.00075 Small 

These limits are to be used where it is desirable or essential that 
the parts fit together without play, and still be put together or 
taken apart without difficulty. Some fitting may be required and 
also some selecting may be necessary to attain the proper results. 

To J-inch diameter, inclusive. Standard to 0.00025 Large 

To 3i-inch diameter, inclusive.... Standard to 0.0005 Large 

To 6-inch diameter, inclusive. Standard to 0.00075 Large 

Driving Fits 

For use where parts must fit tightly and where the location of the 
parts is such that they could not be put together if the drive was 
too great. These limits will apply where the assembly is permanent. 

To i-inch diameter, inclusive. Standard to 0.00025 Large 

To I-inch diameter, inclusive.0.0025 to 0.0005 Large 

To 2-inch diameter, inclusive.0.0005 to 0.00075 Large 

To 6-inch diameter, inclusive.0.0005 to 0.001 Large 

Driving Fits 

To be used where the assembly is permanent and the duty severe, 
and where there is room for the handling and driving of the parts. 

To 2-inch diameter, inclusive. 0.0005 to 0.001 Large 

To 3J-inch diameter, inclusive.... 0.00075 to 0.00125 Large 

To 6-inch diameter, inclusive.0.001 to 0.0015 Large 

Forcing Fits 

These limits may be used where parts are not expected to be 
taken apart and where service is very severe. This assembling is 
done under the arbor press for the smaller parts and under the 
hydraulic press for larger parts. 

The method of forcing the parts together and the length of the 
parts will have influence on how large to leave the shaft. 
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To J-inch diameter, inclusive.0.00075 0.001 Large 

To I-inch diameter, inclusive.0.001 to 0.002 Large 

To 2-inch diameter, inclusive.0.002 to 0.003 Large 

To 3J-inch diameter, inclusive_0.003 to 0.004 Large 

To 6-inch diameter, inclusive.0.004 to 0.005 Large 

Shrinking Fits—^for Pieces to Take Hardened Shells f Inch 
Thick and Less 

To i-inch diameter, inclusive.0.00025 to 0.0005 Large 

To 2-inch diameter, inclusive.0.0005 to 0.00075 Large 

To 3i-inch diameter, inclusive.. .. 0.0005 to 0.001 Large 

To 6-inch diameter, inclusive.0.001 to 0.0015 Large 

Shrinking Fits—for Pieces to Take Shells, Etc., Having a 
Thickness of More than | Inch 

To J-inch diameter, inclusive. 0.0005 to 0.001 Large 

To I-inch diameter, inclusive.0.001 to 0.002 Large 

To 2-inch diameter, inclusive.0.002 to 0.003 Large 

To 3i-inch diameter, inclusive.... 0.003 to 0.004 Large 

To 6-inch diameter, inclusive.0.004 to 0.005 Large 

Grinding Limits for Holes 

To 2-inch diameter, inclusive. Standard to 0.0005 Large 

To 3i-inch diameter, inclusive.... Standard to 0.00075 Large 

To 6-inch diameter, inclusive. Standard to 0.001 Large 

BRITISH ENGINEERING STANDARDS ASSOCIATION^ 
British Standard Limits and Fits for Engineering 
The basis of the tables herewith being a hole basis, the limiting 
dimensions of any hole of a particular quality and size remain 
unchanged, and varieties of fit are obtained by varying the actual 
dimensions of the shaft. The Association recognizes that excep¬ 
tions to this rule are necessary in certain classes of work. 

Table 19 gives both unilateral and bilateral limits of tolerance 
for holes. In the unilateral system, the nominal size is the low 
limit of the hole; in the bilateral system, the nominal size lies 
between the high and low limits of the hole. The Association 
recommends the use of the unilateral system as applied to cylindri¬ 
cal mating surfaces in cases where it does not conflict with predomi¬ 
nating present practice. 

Table 20 gives the recommended limits of tolerance for a standard 
series of graduated shafts suitable for pairing with either the 
unilateral or bilateral holes. Table 21 shows the numerical values 
of the limits of fit resulting from the assembly of any one of the 
standard shafts in a particular unilateral hole and a particular 
bilateral hole. The particular holes chosen for these numerical 
examples are identified by the symbols U and X (Tables 19) respec¬ 
tively, and they have been selected because the tolerances on 
these holes are those most commonly employed. The numerical 
values of the limits of fit resulting from the assembly of the standard 
^ Permission of British Engineering Standards Association. 
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shafts in any of the other holes specified in the tables can be arrived 
at by simple arithmetical calculation. 

The effect of transferring any standard shaft from a bilateral 
hole to a unilateral hole tends either to increase the clearance or 
to decrease the interference; in short, it makes the fit easier. 

Table 19 provides four standard grades of workmanship for 
holes, in which B (unilateral) and K (bilateral) holes represent the 
most accurate grade, while U (unilateral) and X (bilateral) holes 
represent those most commonly employed. Unilateral holes V, W, 
and bilateral holes Y, Z, have larger tolerances. 

Table 19 also provides for the use of three holes A, G, H, each 
with two positive limits of tolerance. These are called oversize 
holes. They are common to both the unilateral and bilateral sys¬ 
tems, and are included in the tables to meet exceptional conditions. 

The range of the tables is from o to approximately 25 inches 
(635 millimeters) in diameter. The nominal sizes are specified in 
ranges and the length of each range is such that at each change of 
range the tolerance increase on U and X holes is two ten-thousandths 
of an inch. 

The table of shafts, which is common to the unilateral and bilat¬ 
eral systems, provides for a series of fourteen different fits with 
reference to any particular hole by progressively changing the dispo¬ 
sition of the tolerance in relation to the nominal size. The tolerance 
itself remains unchanged for all shafts in the table from F to M 
inclusive. These shafts are of the same grade of workmanship 
as a B hole. Shafts Q, R, S, T, TT are given increasing tolerances 
because they are all considerably undersize and, therefore, provide 
increasing amounts of clearance when assembled in any hole. 

The range of fits provided by the full series of shafts is divided 
into three main classes, which are defined as Interference, Tran¬ 
sition and Clearance Fits. These terms are recommended for 
use when specifying a class of fit. Terms such as push fit, etc., 
which are in common use but have no numerically exact meaning, 
are not recommended, but their approximate application to the 
table has been indicated in the diagram in order that the new 
standards may be more readily applied to existing practice. When 
the exact nature of a fit has to be named, it is recommended that the 
symbols of the hole and shaft be used in combination,/or example, 
UR, and marked on the assembly drawing in this form. The draw¬ 
ing of the hole and the drawing of the shaft can then be marked 
U and R respectively in combination with the nominal size, for 
example, in reference to the nominal size if, if inches U, if inches 
R, or the limits of tolerance can be specified in figures if preferred. 

The Association recommends, in tne interests of uniformity and 
lucid terminology, that where different classes of fit have to be 
described in general terms, the following definitions should be 
employed; 

1. ^‘aiearance where there is a positive allowance between 
the largest possible shaft and the smallest possible hole. 

2. Interference fiV* where there is a negative allowance (obstruc¬ 
tion) between the largest hole and the smallest shaft, the shaft 
being larger than the hole. 



AUTOMATIC GAGING 771 

3. ** Transition fit** covering cases between (i) and (2), that isy 
cases in which the limits admit of either clearance or interference 
fits being obtained. 

Size Multiplier m and Range Factor r. — Values of nty the size 
multiplier, for nominal sizes from Zero to 25.29 inches (632.49 
millimeters) and r, the range factor, are given respectively in the 
first column and the last line of the tables. 

The limit values in the tables are found by multiplying together 
these quantities m and r, odd half-ten-thousandths being eliminated 
by subtracting such odd amounts from the products in which they 
occur, negative products thus becoming more negative. 

Example i. —To find the limits for a 2j-inch U hole. 

The value of m corresponding with 2J-inches is 8; see table on 
page 772. 

The value of r for the high limit of U = 2 (in ten-thousandths of 
an inch). 

The value of r for the low limit of U = 0. Hence required limits 
are +0.0016 inch and + o. 

Example 2.—To find the limits for a 6i-inch X hole. 

The value of m for 6i-inches = 12. 

The value of r for the high limit of X = +1. 

The Value of r for the low limit of X = --1. 

Hence required limits are db 0.0012. 

Example 3.—Assuming that the minimum hole passed by a plug 
limit gauge be 0.0003 inch greater than the tabular low limit for a 
4i-inch X hole, what actual clearance will such a hole afford a 4+ 
inch R shaft when the latter is only 0.0002 inch below its tabular 
high limit? 

The value of m for 4J inches = 11. 

The value of r for the low limit of X = — i. 

The values of r for R = —0.3 and —0.5. 

Hence minimum hole the gauge will 

accept = 4i inches — 0.0011 inch 
+ 0.0003 inch 
= 4i inches — 0.0008 inch. 

Actual size of shaft = 4^ inches — 0.0033 inch — 0.0002 inch. 

= 4J inches — 0.0035 inch. 

Hence clearance = 0.0035 i^^ch — 0.0008 inch =* 0.0027 inch; 
which is (0.0003 “I" 0.0002) or 0.0005 i^^h greater than the figure 
given for minimum clearance in the Table of Fits, page 774. 

Automatic and Air Gaging 

Automatic gaging in the finishing of parts is almost entirely 
confined to grinding. The Heald method uses a “ go ** and “ not go ” 
gage applied to the work through the hollow work spindle. Bryant 
and Norton use electrical contacts to cut out the feeds when the 
correct size is reached. Landis uses a low-pressute air jet that 
strikes the work between two hard-faced shoes that form a V 
against the work. As the diameter of the work decreases the air 
nozzle approaches the work and builds up a back pressure that 
forces a mercury column into a contact that closes a solenoid circuit 
and withdraws the wheel from the work. Air gages are also used 
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in inspection work, the back pressure showing on a dial gage. 
These are set with master pieces so that a variation of about 
5 pounds on the gage, (about i in. on the dial) may mean only 
0.001 inch in the piece. Such gages do not actually measure but 
only indicate when the work is within the desired tolerance. 

Machines have also been built to inspect such complicated pieces 
as cam shafts for V-8 engines. A conveyor carries the cam shaft 
past gages that check each dimension. If any tolerance is exceeded, 
the part is marked automatically, and the cam shaft goes to the 
rejected pile when it reaches the end of the conveyor. 

PRESS AND SHRINK FITS 

Press fits continue to be widely used in building many classes of 
machinery. The railroads are probably the greatest users of this 
method of holding parts together, as practiced in fitting car, truck 
and driving wheels on their axles and in holding crankpins in 
driving-wheel bosses. The methods used in railroad shops are the 
result of long years of experience by practical mechanics, who have 
attained great skill in handling this kind of work. A careful study 
of the methods and data given under Press P'it Practices, beginning 
on page 1177, will be found helpful in many lines of work besides 
that of the railroad. 

Although inside micrometers are recommended for the close 
measurement of holes into which axles, crankpins, or shafts of any 
kind are to be forced, the use of calipers or pin gages, as shown on 
pages 721 to 724, has proved very accurate when the directions 
given are carefully followed. 

With the hole surrounded by a heavy hub, it requires less allow¬ 
ance than the rule-of-thumb one-thousandth of an inch per inch 
of diameter to secure a good fit. With both shaft and hole round 
and smooth, one-half of this allowance will usually give a good fit. 
Surface finish and roundness are of great importance. With both 
surfaces ground smoothly it has been found that the parts could be 
forced together and separated, several times, with little appreciable 
difference in the pressure required. 

In this connection it is suggested that the railroad practice of 
including a slight taper at one end of the fitted surface be carefully 
considered. This is mentioned in the fitting of both axles and 
crankpins, on pages 1178 and 1181. 

As has been pointed out many times, it is a mistake to assume 
that the greater the difference in diameter the tighter will be the 
fit. This is only true up to the point,where the distortion of the 
member containing the hole does not go beyond the elastic limit of 
the material. When this happens, the hole stretches and the fit 
is less tight than it would be if the force allowance was considerably 
less. 

A careful study of Tables 7 to 13 inclusive will prevent glaring 
errors being made in selecting allowances for press fits. 

Shrink Fits 

As in press fits the experience of the railroads in shrink fits will 
be found very helpful. In view of the number of locomotive tires 
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in use on locomotives and cars, it is doubtful that any other indus¬ 
try makes an equal number of shrink fits, certainly not in the sizes 
which are common practice on modern railroads. 

Pages 1174 to 1176 contain much information on the shrinking 
of tires. Here it will be noted that the amount of shrinkage is about 
the rule-of-thumb amount of one-thousandth inch per inch of 
diameter for both truck and driving-wheel tires. The present prac¬ 
tice is to have retaining rings in addition to the shrink fit, to prevent 
side movement of the tire when heated by excessive braking. 

Taper Fits 

In fitting such parts as turbine and generator couplings, press and 
shrink fits on tapers are often used. Table 22 offers a convenient 
source for this essential information. Even a taper as great as 3 
inches to the foot may be used on turbine or generator work in order 
to prevent the coupling from sticking when it is pulled on tight with 
a fine-thread nut on the shaft. 

In the table, the first vertical column gives the size of the hole in 
inches; the second gives the allowance for a press fit or, in other 
words, the oversize of the stock. The top horizontal line shows the 
series of tapers per foot; the remaining lines give the length to allow 
for tightening in both thousandths and fractions of an inch, in order 
to make it usable even by shops that do not have micrometers in 
their equipment. 

Example i .—It is required to fit in 6-inch coupling on a turbine 
spindle with a 2i-inch taper per foot of length. The standard 
diameter allowance for a 6-inch press fit is 0.009 inch. Enter the 
table at 6-inch size of hole, follow horizontally to the vertical 
column under 2\ inches taper per foot. This gives 0.045 i^ich in 
decimals or ^ inch in a fraction to the nearest sixty-fourth. 

Example 2.—It is required to fit a 6-inch diameter crankpin 
having a 3^ inch per foot taper. The allowance for press would 
again be 0.009 inch. Follow the horizontal column headed by 
6-inch size of hole to the vertical column headed by 3^-inch taper 
per foot of length. The allowance here is i.7 28 inches or i inches 
to the nearest sixty-fourth. 

Expansion Fits^ 

Expansion fits are made by cooling the inner member, which 
is larger than the hole into which it goes, so that it will enter the 
hole and be tight when it warms up to room temperature. This is 
used where it is not practicable to heat the outer member, as in 
shrink fits. A common use is in fastening the hard exhaust valve 
seats used in gasoline motors. Either dry ice (solid carbon dioxide), 
which becomes a gas at — iio°F., or liquid air (—3io°F.) is used. 
These give a cooling range of 180 and 38o°F. at room temperature. 

Approximate contraction of different metals is given in Table 23, 
which shows that a 2 J-inch brass bushing will contract 2.5 X 0.0031 
or 0.0077 inch in liquid air or 0.00375 inch with dry ice; this would 

1 Data from United States Bureau of Standards, Linde Air Products, and 
others. 



Table 22.—^Length of Press and Shrink Fits on Tapers 
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make its diameter 2.4923 inches or 2.49725 inches, depending upon 
which was used. Smaller fit allowances are needed than in shrink 
fits. 

To find the difference in size of the mating parts, subtract the 
allowances in Table 24 from the contraction obtained from Table 23. 
This gives the diameter of the brass bushing as 2.0057 inches for 
liquid air or 2.00175 inches for dry ice, if the hole is bored 2 inches, 
or holes 2.4943 inches or 2.49925 inches if the bushing is turned 
exactly 2^ inches. On small work, fits can be made by heating the 
outer member in boiling water in addition to cooling the inner piece. 
Table 23 shows the expansion due to the heat of the water over room 
temperature. These are called “compound fits.” 


Table 23.—^Linear Change in Metals for Specified 
Temperature Changes (Approximate) 


j 

Metal 

Contraction per Inch of 
Length or Diameter from 
Room Temperature 
(70°R) 

Expansion 
per Inch 
from Room 
Temperature 
to 2 I 2 °F. 
(Heat to 
Boiling 
Water) 

With Liquid 
Air 

(-3I0°F.) 

With Solid 
CO 2 

(-iio®F.) 

Aluminum. 

0.0038 

0.0018 

0.0018 

Brass. 

0.0031 

0.0015 

0.0015 

Bronze. 

0.0038 

0.0018 

0.0014 

Cast iron. 

0.0018 

0.0008 

0.0008 

Copper. 

0.0029 

0.0014 

0.0012 

Monel. 

0.0025 

0.0012 

0.001I 

Nickel. 

0.0021 

0.0010 

O.OOIO 

Steel. 

0.0020 

0.0009 

0.0008 4 


Table 24.—Allowances or Tolerances for Sliding Fits 


Fit Diameter, Allowance in Inches 

IN Inches Close Moderate 

J. 0.00025 to 0.0005 

l . 0.0005 to O.OOI 


2. O.OOI to 0.002 

3i. 0.002 to 0.0035 

6. o. 003 to o. 005 


SHRINKING MACHINE PARTS WITH DRY ICE 

Shrinking machine parts, by the use of dry ice includes details 
which the average machine shop employee may not be familiar 
with. Take a shaft made of soft steel, 12 inches in diameter, to be 
shrunk with the use of dry ice, so that it can be pressed into a 
machined part, which, when the shaft has been allowed to cool to 
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normal temperature after freezing, will make the two parts fit 
together as though made of one piece. If the shaft, which has a 
coefficient of expansion of 0.0000063 in., is reduced in temperature 
by 100 F., it will have shrunk approximately 0.00756 inch in 
diameter. This is found by multiplying the diameter, 12 inches, 
by the drop in temperature, ioo°F., and then by the coefficient. 

To determine the reduction in temperature to which a part must 
be subjected to obtain a desired shrinkage, divide the amount of 
shrinkage needed by the product obtained through multiplying 
the diameter by the coefficient of expansion. To shrink a 12-inch 
diameter shaft of soft steel 0.010 inch, the desired shrinkage is 
divided by 12 times the coefficient (0.0000063), resulting in about 
I33°F. This is the necessary drop in temperature to obtain the 
o.oi inch shrinkage. It is necessary to know the specific heat, as 
well as the coefficient, of the particular metal to be shrunk. The 
coefficients of expansion and specific heat for various metals are 
given here for ready reference. 

The formula employed, knowing the specific heat and the coeffi¬ 


Metal 

Coef. of 
Expansion 

Specific 

Heat 

Aluminum. 

0.0000128 

0.207 

Brass, cast. 

0.0000104 

0.088 

rolled. 

0.0000107 

0.090 

Bronze. 

0.0000094 

0.104 

Copper. 

0.0000923 

0.0915 

Iron, pure. 

0.0000065 

0. lOI 

Steel, soft. 

0.0000063 

0.107 

hard. 

0.0000056 

0.104 

Nickel silver. 

0.0000102 

0.095 


cient, is the following: Multiply specific heat by the weight of the 
material to be shrunk, and the resultant product by the needed 
temperature drop. Divide the result by 250, which is the number 
of B.t.u. in dry ice at low tempf*ratures. This will give the weight 
in pounds of dry ice necessary. 

Alcohol can be used in conjunction with dry ice to speed up the 
rate of heat transfer in a part being shrunk, by using a watertight 
container. The part is placed in this container; alcohol is poured 
over the piece and chunks of dry ice are dropped into the liquid. 
The alcohol causes the dry ice to boil, assists heat transfer, and 
causes the part to be cooled in a shorter time. 












SECTION XVII 

TAPERS AND DOVETAILS 
MEASURING TAPERS 
An Accurate Taper Gage 

The gage illustrated in Fig. i is an exceedingly accurate device 
for the gaging of tapers. 

It is evident that if two round discs of unequal diameter are 
placed on a surface plate a certain distance apart, two straight edges 
touching these two discs will represent a certain taper. It is also 
evident that with the measuring instruments now in use it is a 
simple matter to measure accurately the diameters of the two 
discs, and the distance these discs are apart. These three dimen¬ 



sions accurately and positively determine the taper represented by 
the straight edges touching the rolls. If a record is made of these 
three dimensions, these conditions can be reproduced at any time, 
thus making it possible to duplicate a taper piece even though the 
part may not at the time be accessible. 

The formulas on the following pages may be of service in connec¬ 
tion with a gage of this character. 

Formulas for Use in Connection with Taper Gage 

To find center distance (/), refer to Pig. 2 . 

I 

To find disc diameters, refer to Pig. 3. 

- yjL* + (J - o)« + (ft - o) j. 

78s 
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Diameter of small disc •>- ar. 


R - + » - o)* - » - o)J. 

- a R. 

t (D, refer to Fig. 4. 

r _ 

Wt' - (R- r)V 


Diameter of large disc » 2 /?. 

To find taper per foot (D, refer to Fig. 4. 


To find width of opening at ends, refer to Fig. S. 

. rjLEjEZLK 

'yjt + (R-r) 

Width of opening at small end — 2 a. 

b ^ 

Width of opening at large end "•2 b. 


\l - (R- 


r) 


Applications of Formulas 

To Find Center Distance between Discs 

Suppose there are two discs, as shown in Fig. 2, whose diameters 
are respectively i J and i inch. It is desired to construct a taper of 
i to the foot, and the center distance I between discs must be deter¬ 
mined in order that the gage jaws when touching both discs shall 
give that taper. 

Let R = radius of large disc, or 0.625 inch. 
r = radius of small disc, or 0.500 inch. 
i = taper per inch on side, or 

■ = 0.03125 mch. 

Then 

_ o.ns , / I 

— 4 X 1.0005 - 4.002 inches. 

To Find Disc Diameters 

Suppose the gage jaws are to be set as in Fig. 3 for a 3 inch 
per foot taper whose length is to be 4 inches. The small end is 
to be exactly J inch and the large end for this taper will, therefore, 
be li inches. What diameter must the discs be made so that when 
the jaws are in contact with them and the distance L over the discs 
measures 4 inches, the taper will be exactl;^ 3 inches per foot? 
Here a represents one-half the width of opening at the small end, 
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Fig. 2 



Fig. 5 

Fig. 5. —Setting Taper Gage with Discs 

and h one-half the width of opening at the large end. The radius of 
the small disc may be found by the formula: 

r (6 - .)» + (» - a)|- 

Then r - ° 16 + 0.25 + o.s^ 

— o.o6a5(4-03ii -f o.s) ” 0.2832. 

Diameter of small disc — 0.2832 inch X 2 = 0.5664 inch. 

For the large disc: 

R - ij'v/l’*+ (*-«)•-C» - 0)1- 
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— 0.1875(4.0311 — o.s) ■■ o.66ai. 

Diameter of large disc = 0.6621 inch X 2 = 1.3242 inches. 

To Find Taper per Foot 

In duplicating a taper, the gage jaws may be set to the model, and, 
by placing between the jaws a pair of discs whose diameters are 
known, the taper per foot may be readily found. For example, the 
jaws in Fig. 4 are set to a certain model, two discs 0.9 and i.i inch 
diameter are placed between them and the distance over the discs 
measured, from which dimension I (which is 3.5 inches) is readily 
found by subtracting half the diameters of the discs. Here I 
represents the center distance as in Fig. 2. To determine the taper 
per foot which may be represented by T, the formula is: 


=,,(. y 

\-s//2 - (R - r)«/ 

^ {vt2^-o.od 


Taper per foot " 0.684 inch. 


To Find Width of Opening at Ends 

If, with the ends of the gage jaws flush with a line tangent to the 
disc peripheries sCs in Fig. 5, it is required to find the width of the 
opening at. the small end, where a represents one-half that width, 
the following formula mav be applied, the discs being as in the last 
example o.g and i.i inch diameter, respectively, and the center 
distance 3.5 inches: 



0.4373 inch X 2 ** 0.8746 inch, width of opening at small end of 
gage. 

Similarly the width of opening at the larse end of the gage may be 
found as follows, where b * half the width of the large end. 

6 - ^ 
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Then 


b 


O.SS 

o.SS 


V 3 .S 4 - (0.55 - 0.45) 
3.S - (o.SS - 0.4s) 



o.SS Vi-02899 “• 0.56S9S. 


0.56595 inch X 2 = 1.1319 inch = width of opening at large end. 

STANDARD SELF-HOLDING (SLOW) TAPERS 

Standardizing of self-holding, or “slow,” tapers has been slow 
because of conflicting interests and the widespread use of the Morse 
taper. A compromise was adopted in October 1943, as seen in 
Table i, which includes three sizes of Brown and Sharpe, eight 
sizes of Morse, and the rest of the | inch to the foot taper. 

A self-releasing or “fast” taper of 3J inches per foot, the same 
as now used in milling machines, has also been standardized. They 
are shown in Table 8. 


Table i.—Taper Series—Basic Dimensions 
(In Inches) 


No. 

of 

Taper 


Taper 

per 

Foot 


Diam¬ 
eter at 
Gage 
Linei A 


239 

299 

375 

1 

2 


3 

4§ 

5 

6 
7 


O.50200 

0.50200 

0.50200 

0.59858 

0.59941 

0.6023s 

0.62326 

0.62400 

0.63151 

0.62565 

0.62400 


0.23922 
0.29968 
0.37525 
0.47500 
0.70000 
0.93800 

I.2310 

I.5000 
I.7480 
2.4940 
3.2700 


200 

250 

300 

350 

400 

450 

500 

600 

800 

1000 

1200 


0.75000 
0.75000 
0.75000 
o.75000 
0.75000 
0.75000 
0.75000 
o.75000 
o.75000 
o.75000 
0.75000 


1.9999 

2.4999 

2.9999 

3.4999 

3.9999 

4.4999 

4- 9999 

5- 9999 

7.9999 

9.9999 
11.9999 


Means of Driving and Holding 

Ori^n 

Series 

Tongue 

drive 

with 

shank 

held 




Brown and 
Sharpe 

Tongue 
drive 
with 
shank 
held 
in by 
key 
(see 

Table 3 ) 



tapier 
series 
Nos. I to 3 

in by 
friction 
(see 

Table 2 ) 



Morse 

taper 

series 


Key 
drive 
with 
shank 
held 
in by 
key 
(see 

Table 4 ) 

Key 
drive 
with 
shank 
held 
in by 
draw- 
bolt 
(see 

Table 5 ) 

} inch 
per foot 
taper 
serieo 


' See illustrations with Tables 2, 3, 4 and 5. 

A tolerance of 0.00$ Inch either way is allowed on all fractional dimensions 
unless otherwise noted. 



Tongue Drive with Shank Retained by Friction 
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Tongue Drive with Shank Retained by Key—See Table 3 



Key Drive with Shank Retained by Key—See Table 4 
-A V P-" ^ -PsK- 


^tap^a-Jsa'perft h -line 

8 20 ''taper |<-.B- lifl, 

(1.750"per ff.^ p-Z->l r j. 1 

' 

pElH 


Key Drive with Shank Retained by Draw Bolt—See Table 5 





792 


TAPERS AND DOVETAILS 







STANDARD TAPERS 


793 


Holdback Keyway> 
in Socket 


»Ommmmw mmmmm 
i/»00 for*)fOco Kite CO r^ro 
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Width 
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'v>« ro f*> ro fOOOOOfOro 

Ot^OOOO ONt'0»« 

00>hmmm mmmnn 

Socket 

Gage 
Line to 
Keyway 

M 

»o lAS'O r'OO CO o ‘ooo 

Depth 

Relief 

V 

m4n 

HHMHHMM MM^NCHfO 

Diam¬ 

eter 
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U 

M N « TTiot-OM 

Gage 
Line to 
Front of 
Relief 

T 

lO'O NO ^^o0 0\ O roo Ov 

M M M M 

Drive Keyway 

43 

!• 

Q 


Width 

R* 

oooooo ooooo 
oooooo ooooo 
oooooo ooooo 

H M N « w fO roro-^'4'^ 

No. of 
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oooooo ooooo 
0 » 00 ‘OQW> ooooo 

N Cl '<t «C'0 oe o Cl 

1 



fe.S 


£!-S 


6 2 



4, O o ° O ^tj 
.So>.c^c2- 

•s+'Hl'SSg-a 
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(Dimensions in Inches) 
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Table 6.—Plug Gages 
(Dimensions in Inches) 


No. of 
Taper 

Taper* per 
Foot 

Diam- 
eteri-2 
at Gage 
Line 

A 

Diam¬ 
eter* •* 
at Small 
End 

A' 

Length 
Gage 
Line to 
Small 
.End 

L 

Depth 

of 

Gaging 

Notch 

V 

•239 

0.50200 

0. 23922 

0 .20000 


0.048 

.299 

0.50200 

0.29968 

0.25000 


0.048 

•375 

0.50200 

0-37525 

0.31250 


0.048 

I 

0.59858 

0.47500 

0.36900 

2i 

0.040 

2 

0.59941 

0.70000 

0.57200 


0.040 

3 

0.6023s 

0.93800 

0.77800 

3A 

0.040 

4 

0.62326 

I .23100 

1.02000 

4A 

0.038 

4 i 

0.62400 

I .50000 

I.26600 


0.038 

5 

0.63151 

I.74800 

1.47500 

5A 

0.038 

6^ 

0.62565 

2.49400 

2.11600 

7 l 

0.038 

7^ 

0.62400 

3.27000 

2.75000 

10 

0.038 

200 

0.750 

2.000 

1.703 

4 i 

0.032 

250 

0.750 

2.500 

2.156 

si 

0.032 

300 

0.750 

3.000 

2.609 


0.032 

350 

0.750 

3 • 500 

3 063 


0.032 

400 

0.750 

4.000 

3-516 

7l 

0.032 

450 

0.750 

4.500 

3 969 

8i 

0.032 

500 

0.750 

5.000 

4.422 

9 i 

0.032 

600 

0.750 

6.000 

5328 

loi 

0.032 

800 

0.750 

8.000 

7.141 

i 3 i 

0.032 

1,000 

0.750 

10.000 

8.953 

i6i 

0.032 

1,200 

0.750 

12.000 

10.766 

ipi 

0.032 


' Gage tolerance for diameters A and A* 

Sizes .239 to No. 3, inclusive, -fo.oooi — 0.0000. 

Sizes No. 4 to No. 300, inclusive, -f-o.ooois — 0.0000. 

Sizes No. 3S0 to No. 1200, inclusive, +0.0002 — 0.0000. 

^ Taper ]>er loor and diameter at gage line basic dimensions. 

• Dimension calculated for reference only. 

* These sizes are continued in the Tongue Drive series for the present to 
meet special needs. 
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Table 7.—Ring Gage 
(Dimensions in Inches) 


No. of Taper 

Taper per 
Foot* 

Diameter at 
Gage Line*** 

A 

Diameter at 
Small End**® 

A' 

Length 

L 

•239 

0.50200 

0.23922 

0.20000 

¥ 

.299 

0.50200 

0.29968 

0.25000 


•375 

0.50200 

0.37525 

0.31250 

4 

I 

0.59858 

0.47500 

0.36900 

2i 

2 

0.59941 

0.70000 

0.57200 

2A 

3 

0.60235 

0.93800 

0.77800 

3A 

4 

0.62326 

I.23100 

I.02000 

4A 

4 i 

0.62400 

I.50000 

I,26600 

4I 

5 

0.63151 

I.74800 

1.47500 

sA 

6* 

0.62565 

2.49400 

2,I1600 

7 l 

7 * 

0.62400 

3.2700 

2 .75000 

10 

200 

0.750 

2.0000 

1*703 

4 l 

250 

0.750 

2.5000 

2.156 

si 

300 

01750 

3.0000 

2.609 

6i 

350 

0.750 

3.5000 

3063 


400 

0.750 

4.0000 

3516 

It 

450 

0.750 

4.500 

3-969 


500 

0.750 

5.0000 

4.422 

9 i 

600 

0.750 

6.0000 

5-328 

io| 

800 

0.750 

8.0000 

7-141 

i 3 f 

1,000 

0.750 

10.0000 

8-953 

i6i 

1,200 

0.750 

12.0000 

10.766 ! 

19I 


^ Gage tolerance for diameters A and A' 

Sizes to No. 3 inclusive, —0.0001 -f 0.0000. 

Sizes No. 4 to No. 300 inclusive, — o.ooois + 0.0000. 

Sizes No. 350 to 1200 inclusive, —0.0002 + 0.0000. 

* Taper per foot and diameter at gage line basic dimensions. 

• Dimensions calculated for reference only. 

♦ These sizes are continued in the Tongue Drive series for the present to 
meet special needs. 
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Table 8.—Dimensions of Steep Machine Tapers 
(Dimensions in Inches) 


No. of Taper 

Taper 
per Foot‘ 

Diameter at 
Gage Line 

Length along Axis 

5 

3-500 

i 0.500 

li 0-6875 

10 

3-500 

I 0.625 

1 0.8750 

IS 

3-500 

1 0-750 

liV 1.0625 

20 

3 - 500 

i 0.87s 

lA 1-3125 

25 

3-500 

I I.000 

lA 1-5625 

30 

3-500 

l\ 1.250 

i| 1-8750 

35 

3 - 500 

l| 1.500 

2 \ 2.2500 

40 ! 

3-500 1 

li 1.750 

sH 2.6875 

45 

3-500 

2i 2.250 

sA 3-3125 

SO 

3-500 

2I 2.750 

4 4.0000 

55 

3-500 

3i 3-500 

5A 5-1875 

60 

3 - 500 

4 i 4-250 

6i 6.3750 


1 This taper corresponds to an included angle of 16 degrees, 35 minutes, 
33^ seconds. 

The tapers numbered lo, 20, 30, 40, 50, and 60 are designated “Preferred 
Series.” The tapers numbered 5. IS. 2$. 35. 45. and 55 are designated 
“Intermediate Series.” 
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Angle of key 8A19* 
TaperU5inl2 

Dimensions of Morse Tapers 




The majority of American tool builders formerly used the Brown 
and Sharpe taper in their milling-machine spindles, and the Morse 
taper in their lathes and drilling machines. Practically all milling 
machines are now made with A.S.A. taper and nearly all lathes use 
the new standard spindle nose. Both the Sellers taper, which had a 
key in addition to the taper fit, and the Jamo” taper of 0.6 inch 
per foot have been abandoned. 
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TAPER PINS AND REAMERS 




Taper Reamers and Pins^ 

Taper = J Inch per Foot or 0.0208 Inch per Inch 


i 

i 

Dia. of Small 
End of 

Reamer 

Dia. of Large 
End of 

Reamer 

Length of Flute 

Total Length 
of Reamer 

Size Drill for 
Reamer 

Loxigest Limit 
Length of 

Pin 

Dia. of Large 
End of Pin 


0 

0-135 

.162'' 

lA' 

2^ 

28 

1" 


A' 

I 

.146" 

•179' 

lA" 


25 

ly 

•172^ 

Ir 

2 

.162" 

.200" 

m 


19 

li" 

•193' 

A' 

3 

.183" 

.226" 


f 

IZ 

If 

.219" 


4 

.208" 

•257" 

2f 

3 ,’." 

3 

2" 

.250^ 

1' 

5 

.240'' 

.300* 

2*" 

aY 

i 

2I 

.289'' 

III 

6 

.279" 

• 354 " 

if 

5 " 

A 

31 " 

•341' 

II 

7 

•331" 

•423" 

41 ^" 


ii 

ZY 

•409' 

Ik 

8 

•398" 

•507" 

5 r 

7 A 


aV 

492" 


9 

.482" 

.609" 

6 Y 

8^ 

|i 

ZY 

• 591 - 

IK 

10 

.581" 

•727" 

7 " 

91 " 


&> 

.706'' 

it* 

11 

.706" 

,878" 

Si" 


It 

1 V 

•857- 

w 

12 

.842'' 

1.050'' 

10" 

i 3 r 

It 

Si” 

1.013* 

1*' 

13 

1.009" 

1-259" 

1 

12" 

i6» 

1 * 

loi» 

1-233' 

lit' 


1 Pratt & Whitney Co. 


These reamer sizes are so proportioned that each overlaps the 
size smaller about J inch. 
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Brown & Sharpe Mfg. Co.’s Taper Pins 
(Tool Steel, Taper i-Inch per Foot) (Dimensions in Inches) 


No. of pin. 

oo 

0 

I 

2 

3 

4 

Diam. sLt small end A . 

0.118 

0.13s 

0.146 

0.162 

0.183 

0.208 

Approx, diam. small end... . 

i 

A 

A 

A 

A 

A 

Diam. of shaft. 


l~A 





Radius of corner H . 

O.OI 

O.OI 

O.OI 

0.02 

0.02 

0.02 


No. of pin. 

5 

6 

7 

8 

9 

10 

Diam. at small end A . 

0.240 

0.279 

0.331 

0.398 

0.482 

0.581 

Approx, diam. small 
end. 

i 



a 

a 

a 

Diam. of shaft. 

i-ii 


lA-ii 

M 

1 

M 


Radius of corner jR.. 

0.02 

0.03 

0 

b 

0.04 

0,04 

0.0s 


The flat head and rounded point remove all doubt as to whichls 
the large end of the pin. Lengths vary by J-inch increments for 
general use. 

Taper of Cock Plugs 

While there is no standard taper for cock plugs, a taper of ij 
inches per foot is used in many cases. 

To Select Taper Pins for Shafts 

The accompanying table gives shaft diameters on which the 
various sizes of pins may be used. In the first table the size of 
pin shown for a given shaft diameter will prove satisfactory for all 
ordinary applications. 

Lengths listed in the left-hand column of the second table are 
given for standard-size pins. These pins are usually obtainable 
from stock. Ail sizes listed above the heavy line are of suitable 
length for use with standard length reamers. By referring to the 
diameter at the small end of the pin, the drill size for any pin can be 
obtained. 

If the table at the top of the chart is used as a guide in specifying 
the size of taper pin, the same size pin will be used consistently for a 
given shaft diameter. The maximum length indicated for standard 
reamers is a guide in selecting hub diameteia. 

M. G. Demoiigeot* 
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. 140 0.156 0177 0.203 0.235 _ 

.135 O.I5I 0.172 0.198 0.230 0.268 




















Length of 
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Tapers from to iJ inch per Foot 
AMOUNT of taper FOR LENGTHS UP TO 24 INCHES 

Taper per Foot 


A A i i I i t i X li 


.0002 .0002 .0003 .0007 .0010 .0013 .0016 .0020 .0026 .0033 

,0003 .0005 .0007 .0013 *0020 .0026 .0033 .0039 .0052 .0065 

.0007 .0010 .0013 .0026 .0039 .0052 .0065 .0078 .0104 .0130 

.0010.0015.0020.0039.0059 .0078 .0098 .0117 .0156 .0195 

.0013 .0020 .0026 .0052 .0078 .0104 .0130 .0156 .0208 .0260 

.0016 .0024 .0033 .0065 .0098 .0130 .0163 .0195 .0260 .0326 

.0020 .0029 .0039 •0078 *0117 .0156 .0195 .0234 .0312 .0391 

.0023 .0034 .0046 .0091 .0137 .0182 .0228 .0273 .0365 .0456 

.0026 .0039 .0052 .0104 .0156 .0208 .0260 .0312 .0417 *0521 

.0029.0044.0059.0117.0176 .0234 .0293 .0352 .0469 .0586 

.0033 *0049 .0065 .0130 .0195 -0260 .0326 .0391 .0521 .0651 

.0036 .0054 .0072 .0143 .0215 .0286 .0358 .0430 .0573 .0716 

.0039 .0059 .0078 .0156.0234 .t>3i2 .0391 .0469 .0625 .0781 

.0042 .0063 .0085 .0169 .0254 .0339 .0423 .0508 .0677 .0846 

.0046.0068.0091.0182,0273 .0365 .0456 .0547 .0729 .0911 

.0049 .0073 .0098 .0195 .0293 .0391 .0488 .0586 .0781 .0977 

1 ,0052 .0078 .0104 .0208 .0312 .0417 .0521 .0625 .0833 .1042 

2 .0104 .0156 .0208 .0417 .0625 .0833 .1042 .125 .1667 .2083 

3 .0156 .0234 .0312 .0625 .0937 .1250 .1562 .1875 .250 .3125 

4 .0208.0312.0417.0833.125 .1667 .2083 .250 .3333 

5 ,0260.0391 .0521 .1042 .1562 .2083 .2604 .3125 .4167 .5208 

6 .0312 .0469 ,0625 .125 .1875 .250 .3125 .375 .500 .625 

7 .0365 .0547 .0729 ,1458 .2187 .2917 .3646 4375 .5833 .7292 

8 .0417 .0625 .0833 .1667 ,250 .3333 4167 .500 .6667 .8333 

9 .0469 .0703 .0937 .1875 .2812 .375 .4687 .5625 .750 .9375 

10 .0521 .0781 .1042 .2083 .3125 4167 .5208 .625 ^333 1*0417 

11 .0573.0859.1146.2292.3437 4583 .5729 .6875 .91671.145^ 

12 .0625.0937.125 .250 .375 .500 .625 .750 1.000 1.250 

13 .0677.1016.1354.27084062 .5417 .6771 .81251.08331.3542 

14 .0729 .1094 .1458 .2917 4375 .5833 .7292 .875 1.1667 1.4583 

15 .0781 .1172 .1562 .3125 46% ,625 .7812 .9375 1.250 1.5625 

16 .0833.125 .1667.3333.500 .6667 .83331.000 1.33331-6^^7 

17 .0885 .1328 .1771 .3542 .5312 .7083 .8854 1.0625 1.4167 1.7708 

18 .0937.1406.1875.3750.5625 .750 .93751.125 1.500 1.875 

19 .0990-1484 * 1979 -3958 .5937 -7917 .98961.18751.58331.9792 

20 .1042 .1562 .2083 .4167 .625 .8333 1.0417 1.250 1.6667 2.0833 

21 .1094 .1641 .2187 .4375 .6562 .875 1.0937 i«3i25 1.750 2.1875 

22 .1146 .1719 .2292 .4583 .6875 .9167 1.1458 1.375 1-8333 2.2917 

23 .1198 .1797 .2396 .4792 .7187 .9583 1.1979 1-4375 1-9167 2.3958 

24 .125 .1875.250 .goo .750 1.000 1.250 1.500 2.000 2.500 
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Solid and Split Taper Pins 
British Standard 
Qanuary, 1935) 

Taper J/n 46 Taper I m 46 

^ (ir 4 . *'per ft) on diameter ^ ('/i^'per ft) on ciiamefer 

Mi ~T> A (I . . 

-®- ^ ^ t<-B--- 

Solid Toper Pm Splif Toper Pin 

All sizes shown O and (J) in this Table are standard for Solid 
Taper Pins. 

Only those sizes shown 0 are standard for Split Taper Pins. 
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Tapers per Foot in Inches and Corresponding Angles 


Taper 
per Foot 

Included 

Angle 

Angle with 
Center Line 

Taper 
per Foot 

Included 

Angle 

Angle with 
Center Line 

Deg. 

Min. 

Sec 

Deg. 

Min. 

Sec. 

Deg. 

Min. 

Sec. 

be 

<u 

Q 

Min. 

Sec. 


0 

4 

28 

0 

2 

14 

I 

4 

46 

18 

2 

23 

9 


0 

8 

58 

0 

4 

29 

li 

5 

22 

40 

2 

41 

50 

A 

0 

17 

S 3 

0 

8 

57 

ij 

5 

57 

48 

2 

58 

54 

A 

0 

26 

52 

0 

13 

26 

If 

6 

33 

26 

3 

16 

43 

i 

0 

35 

48 

0 

17 

54 


7 

9 

10 

3 

34 

35 

A 

0 

44 

44 

0 

22 

22 


7 

44 

48 

3 

52 

24 

A 

0 

53 

44 

0 

26 

52 

if 

8 

20 

26 

4 

10 

13 

A 

I 

2 


0 

31 

18 

li 

8 

S6 

2 

4 

28 

I 

i 

I 

II 

36 

0 

35 

48 

2 

9 

31 1 

36 

4 

45 

48 

A 

1 

20 

30 

0 

40 

15 


10 

42 

42 

5 

21 

21 

A 

I 

29 

30 

0 

44 

45 


II 

S 3 

36 

5 

S6 

48 


I 

38 

26 

0 

49 

13 

2j 

13 

4 

24 

6 

32 

12 

t 

I 

47 

24 

0 

53 

42 

3 

14 

15 

0 

7 

7 

30 

H 

I 

S6 

24 

0 

58 

12 

3 l 

IS 

25 

24 

7 

42 

42 

A 

2 

5 

18 

I 

2 

39 

3 ? 

16 

35 

40 

8 

17 

50 

U 

2 

14 

16 

I 

7 

8 

3i 

17 

45 

40 

8 

52 

50 

5 

2 

23 

10 

I 

II 

35 

4 

1 18 

55 

24 

9 

27 

42 

¥ 

2 

32 

4 

I 

16 

2 

4 i 

20 

5 

2 

10 

2 

31 

A 

2 

41 

4 

I 

20 

32 

4 i 

21 

14 

20 

10 

37 

10 

U 

2 

50 

2 

I 

25 

I 

4 i 

22 . 

23 

22 

II 

II 

41 

1 

2 

59 

0 

I 

29 

30 

5 

23 

32 

12 

ir 

46 

6 

u 

' 3 

7 

56 

I 

33 

58 

5 i 

24 

40 

42 

12 

20 

21 


3 

16 

54 

I 

38 

27 

5 f 

25 

48 

48 

12 

54 

24 

¥ 

3 

1 25 

50 

I 

42 

55 

St 

26 

56 

46 

13 

28 

23 


3 

34 

44 

I 

47 

21 

6 

28 

4 

20 

14 

2 

10 

§$ 

3 

43 

44 

I 

51 

52 


29 

II 


14 

35 

47 


3 

52 

38 

I 

56 

19 

6| 

30 

18 

26 

IS 

9 

13 

¥ 

4 

I 

32 

2 

0 

46 


31 

25 

2 

IS 

42 

31 

i 

4 

10 

32 

2 

5 

16 

7 

32 

31 

12 

16 

IS 

36 


4 

19 

26 

2 

9 

43 i 

7 i 

33 

37 

44 

16 

48 

32 


4 

28 

24 

2 


12 

7 i 

34 

42 

30 

17 

21 

IS 


4 

37 

20 

2 

18 

40 

8 

35 

47 

32 

17 

53 

46 
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36 

52 

12 

18 

26 
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TABLE FOR USE IN COMPUTING TAPERS 

In the table on pages 8io and 8ii, the quantities when expressed 
in inches represent the taper per inch corresponding to various 
angles advancing by lo minutes from lo minutes to 90 degrees. 
If an angle is given as, say, 27^ degrees and it is desired to find the 
corresponding taper in inches, the amount, 0.4894, may be taken 
directly ‘ from the table. This is the taper per inch of length 
measured as in Fig. 6, along the axis. The taper in inches per foot 
of length is found by multiplying the tabulated quantity by 12, and 
in this particular case it would be 0.4894 inch X 12 = 5.8728 inches. 
Where the included angle is not found directly in the table, the taper 
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per inch is found as follows: Assume that the angle in question is 12J 
degrees, then the nearest angles in the table are 12 degrees 10 
minutes and 12 degrees 20 minutes, the respective quantities 
tabulated under these angles being 0.21314 and 0.21610. The 
difference between the two is 0.00296, and as 12^ degrees is half way 



Fig. 6.—Taper per Inch and Corresponding Angle 

between 12 degrees 10 minutes and 12 degrees 20 minutes one-half of 
0.00296, or 0.00148 is added to 0.21314, giving 0.21462 inch as the 
taper of a piece i inch in length and of an included angle of i2i 
degrees. The taper per foot equals 0.21462 inch X 12 = 2.5754 
inches. 

TABLE FOR DIMENSIONING DOVETAIL SLIDES AND GIBS 

The table on page 812 is figured for machine-tool work so as 
to enable one to tell at a glance the amount to be added or sub¬ 
tracted in dimensioning dovetail slides and their gibs for the usual 
angles up to 60 degrees. The column for 45-degree dovetails is 
omitted, as A and B would, of course, be alike for this angle. 

In the application of the table, assuming a base with even dimen¬ 
sions, as in the sketch in Fig. 7, to obtain the dimensions x and y of 
the slide. Fig. 8, allowing for the gib which may be assumed to be 
i inch thick, the perpendicular depth of the dovetail being | inch, 
and the angle 60 degrees, look under column A for | inch, and it 
will be found opposite this that B is 0.360 inch, which subtracted 
from 2 inches gives 1.640 inches, the dimension x. To find y first 
get the dimension 1.640 inches, then under the column for 60-degree 
gibs (where C is i inch), D is found to be 0.289 inch, which is added 
to 1.640, giving 1.92^ inches. 

In practice, this dimension is usually made a little larger, say to 
the nearest 64th, to allow for fitting the gib. 

MEASURING EXTERNAL Xm) INTERNAL DOVETAILS 

The accompanying table of constants is for use with the plug 
method of sizing dovetail gages, etc. The constants are calculated 
for the plugs and angles most in use; and to use them a knowledge 
of arithmetic is all tmt is required. The formulas by which they 
were obtained are added for the convenience of those who may have 
an unusual angle to make. 

As an example of the use of the table, suppose that Z, Fig. p, is the 
dimension wanted, and that the dimension A and the angle a are 
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Table for Cob£Puting Tapers 

The Tabulated Quantities = Twice the Tangent of Half the Angle. 
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Table for Computing Tapers 

The Tabulated Quantities = Twice the Tangent of Half the Angle. 


Deg. 


lo' 


30 ' 


40' 


50' 


60' 


46 

47 

48 

49 

50 

51 

52 

53 

54 

56 

53 

59 

60 

61 

62 

63 

64 

65 

66 

67 

68 

69 

70 

71 

72 

73 

74 

75 

76 

77 

78 

79 

80 

81 

82 

84 

35 

86 

87 

88 

89 

90 


^4894 

.8^62 

.89046 

.91146 

.93262 

•95396 

•97546 

•99716 
1.01906 
1.04114 
1.06342 
1.08592 
1.10862 

1.13154 

1.15470 

1.17810 

1.20172 

1.22560 

1.24974 

1.27414 

1.29882 

1-32378 

1-34902 

1-37456 

1.40042 
1.42658 
1-45308 
1-47992 
1-50710 
1-53466 
1.56258 
1.59088 
1.61956 
1.64868 
1.67820 
1.70816 
1-73858 
1.76946 
1.80080 
1.83266 
1.86504 
1.89792 
1-93138 

1.96540 

2. 


.85238 
.873081 
^9394 
.91496 
.93616 

•95752 

.97906 
1.00080 
1.02272 
1.04484 
1.06716 
1.08968 
1.11242 

1-13538 

1-15858 

1.18202 

1.20568 

1.22960 

1-25378 

1.27824 

1.30296 

1.32796 

1-35326 

1-37984 

1.40476 

1.43098 

1-45754 

1.48442 

1.51168 

1-53928 

1.56726 

1-59562 

1.62440 

1-65356 

1.68316 

1.71320 

1-74368 

1-77464 

1.80608 
1.83802 
1.87048 
1.90346 
1.93700 
1.97112 


.85582 

.87656 

.89744 

.91848 

•93970 

.96110 
.98268 
1.00444 
1.02638 
1.04854 
1.07090 
1.09346 
1.11624 
1.13924 
1.16248 
1.18594 
1.20966 
1.23362 
1.25784 
1.28234 
1.30710 
1.33216 
1-35750 

1.38314 

1.40910 

1.43538 

1.46200 
1.48894 
1.51624 

1-54392 

1.57196 
1.60040 
1.62922 
1.65846 
1.68814 
1.71824 
1.74882 
1.77984 
1.81138 
1.84340 
1.87594 
1.90Q02 
1.94266 
1.97686 


.85926 
.88002 
.90094 
.92202 
.94326 
.96468 
.98630 
1.00808 
1.03006 
1.05226 
1.07464 
1.09724 
1.12006 
1.14310 
1.16636 
1.18988 
1.21362 
1.23764 
1.26190 
1.28644 
1.31126 
1-33636 
1.36176 
1.38744 
1.41346 
1.43980 
1.46646 
1.49348 
1.52084 
1.54856 
1.57668 
1.60516 
1.63406 
1.66338 
1.69312 

1-72332 

1-75396 

1.78506 
1.81668 
1.84878 
1.88142 
1.91458 
1.94834 
1.98262 


.86272 

•88350 

•90444 

•92554 

.94682 
.96828 
.98990 
1.01174 

1-03376 
1.05596 
1.07840 
1.10102 
1.12388 
1.14^6 
1.17026 
1.19382 
1.21762 
1.24166 
1.26598 
1.29056 
1-31542 
1.34056 
1.36602 
1.39176 
1.41782 
1.44422 
1.47094 
1.4980c 

1-52544 
1-55322 
1.58140 
1.60996 
1.63892 
I.66830 
1.69812 
1.72836 
1.75910 
1.79030 
1.82198 
1.85418 
1.88690 
1.92016 
1.95400 
1.98840 


.86616 

.88698 

.90794 

,92908 

-95038 

.97186 

•99354 

1.01528 

1.03744 

1.05970 

1.08214 

1.10482 

1.12770 

1.15082 

1.17418 

1.19776 

1.22160 

1.24570 

1.27006 

1.29468 

1.31960 

1.34478 

1.37028 
1.39608 
1.42220 
1.44864 
1-47542 
1.50256 
1.53004 

1-55790 

1.58612 

1.61476 

1.64380 

1.67324 

1-70314 

1-73348 

1.76428 

1-79554 
1.82732 
1.85960 
1.89240 
1.02576 
1.95968 
1.99420 


.86962 

.89046 

.91146 

.93262 

-93396 

-97546 

-99716 

1.01906 
1.04114 
1.06342 
1.08592 
1.10862 

1-13154 

1.15470 

1.17810 

1.20172 

1.22560 

1.24974 

1.27414 

1.29882 

1-32378 

1.34902 

1-37456 

1.40047 
142658 
1.45308 
1.47992 
1.50710 
1.53466 
1.56258 
1.59088 
1.61966 
1,64868 
1.67820 
1.70816 

1-73858 
1.76946 
1.80080 
1.83266 
1.86504 
1.89792 

1-93138 

1.96540 

2.00000 


Refer to page 80$ for explanation of table. 
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Table for Dimensioning Dovetail Slides and Gibs 
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known. A glance at the formulas below shows that Z = A — D. 
Then the constant D corresponding to the size of plug and the angle 
used is subtracted from A and the remainder equals Z. For 
instance, if ^ = 4 inches, the plug used = f inch, and the angle = 
30 degrees, then Z — A — D — inches — 1.0245 inches = 2.9755 
inches. 



Fig. 9.—External and Internal Dovetails 


If A is not known, but B and C are given, as in the formula below 
the table (page 814), A = B CF. Then if 5 = 3.134 inches, 
C — J inch, and the angle is 30 degrees, as before; A = B CF — 
3- 134 inches + (0.75 inch X 1.1547) = 4 inches, whence Z can be 
found, as already shown. 

If the corners of the dovetail are flat, as shown in Fig. 9 at / and 
C, and the dimensions I and H and the angles are known, it will be 
found from the formulas below the table that A also ==* / + HF\ 
so that, if I == 3.8557 inches, H — \ inch, and the angle = 30 
degrees; then A — I HF = 3.8557 inches + (0.125 inch X 
1.1547) an 4 inches, from which Z is found as before. 
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Constants for Dovetails 


Plug 

60® 

55 ** 

50** 

45 ® 

40® 

35 ® 

30® 


D 

1.1830 

1.0429 

.9368 

•8535 

.7861 

.7302 

.6830 


E 

.3170 

.3288 

.3410 

•3536 

.3666 

.3802 

•3943 

Y 

D 

I-774S 

1.5643 

1.4053 

1.2803 

1.1792 

1.0954 

1.0245 


E 

•4755 

.4932 

•5115 

•5303 

•5499 

•5702 

•5915 

i " 

D 

2.3660 

2.0858 

1.8730 

1.7070 

1.5722 

14604 

1.3660 


E 

.6340 

.6576 

.6820 

.7072 

•7332 

.7603 

.7886 

r 

D 

3-5490 

3.1286 

2.8106 

2.5606 

2-3584 

2.1903 

2.0490 


E 

.9510 

.9864 

1.0230 

1.0606 

1.0998 

I.1404 

1.1830 


F 

3.4641 

2.8563 

2.3836 

2 

1.6782 

1.4004 

I-IS47 


A B + CF ^ I ^HF 
B^A-CF^G~HF 

£ = i>(cot25^“)+i> 

D = P^cot —+ p 
F — 2 tan a 

TOOL FOR LAYING OUT ANGLES ACCURATELY 

The bevel gage in Fig. lo is for laying out angles accurately. 
In using this gage, set a vernier caliper or large “micrometer’^ to 
twice the sine of half the angle desired, multiplied by lo, add i inch, 



Fig. lo.—Bevel Gage for Laying Out 


and open the gage till it fits the vernier. This gives the angle 
within the limits of the measuring tool and the radius of the gage. 
The i-inch hole in the center is for a setting plug when it is desirable 
to lay out an angle from a given center. 

The table gives the measurements over the half discs required for 
setting the arms of the gage to give any angle from i to 45 degrees, 
and also the setting for any number of holes in a circle from 3 to 22. 
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Table for Setting Tool for Laying Out Angles 


Gage Setting foe Even Degrees 


Angle 

Degrees 

Measure¬ 
ment Over i 
Disks 

Angle 

De- 

grees 

Measure¬ 
ment Over 
Disks 

Angle 

De¬ 

grees 

Measure¬ 
ment Over 
Disks 

Angle 

De¬ 

grees 

Measure¬ 
ment Over 
Disks 

I 

0.6746 

12 

2.5906 

23 

4-4874 

34 

6.3474 

2 

0.8490 

13 

2.764 

24 

4.6582 

35 

6.5142 

3 

1.0236 

14 

2.9374 

25 

4.8288 

36 

6.6804 

4 

1.1980 

IS 

3.1106 

26 

4.9980 

37 

6.846 

5 

1-3724 

16 

3-2834 

27 

5.1690 

38 

7.0114 

6 

1.5468 

17 

3-4562 

28 

s-3384 

39 

7.1762 

7 

I.7210 

18 

3.6286 

29 

5-5176 

40 

7-3404 

8 

1.8952 

19 

3.8010 

30 

5.6764 

41 

7-5042 

9 

2.0692 

20 

3-9730 

31 

5.8448 

42 

7-6674 

10 

2.2432 

21 

4.1448 

32 

6.0128 

43 

7-830 

II 

2.4170 

22 

4.3162 

33 

6.1804 

44 

7.9922 







45 

8.1536 


Gage Settings for Holes in a Circle 


No. of 
Holes in 
Circle 

Measure¬ 
ment Over 
Disks 

No. of 
Holes 
in 

Circle 

Measure¬ 
ment Over 
Disks 

No. of 
Holes 
in 

Circle 

Measure¬ 
ment Over 
Disks 

No. of 
Holes 
in 

Circle 

Measure¬ 
ment Over 
Disks 

3 

17.8206 

8 

8.1536 

13 

5.2864 

18 

3-9730 

4 

14.6422 

9 

7-3404 

14 

4.9504 

19 

3.7918 

5 

12.2558 

10 

6,6802 

15 

4.6582 

20 

3.6286 

6 

10.5 

II 

6.1346 

16 

4.4018 

21 

34808 

7 

9.1776 

12 

5.6762 

17 

4.1750 

22 

3-3462 


THE SINE BAR 

The sine bar is an instrument of precision used by the toolmaker 

in laying out, setting, testing, and otherwise dealing with angular 

work which requires a close degree of accuracy in its dimensions. 

It consists of a bar of steel with two discs of equal diameter secured 

near the ends of the bar and having their centers on a line exactly 



parallel with the edge of the sine bar. The bar itself may be either 
tool steel hardened and ground or machine steel case hardened. 

An improved form of sine bar is shown in Fig. 11. There are 
various other designs, all having for their object a convenient means 
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Constant, 

8 Deg. 
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TAPERS AND DOVETAILS 
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TAPERS AND DOVETAILS 


of locating work at the desired angle upon an angle plate or other 
plate so that the work may be set at once to the desired angle for 
laying out, drilling, or machining otherwise. It is customary to 
locate the discs on the sine bar at a center distance of either 5 or 
10 inches, these being convenient lengths and, moreover, forming 
handy figures for multiplying the quantities for the corresponding 
angles, as taken from a table of sines, in setting the sine bar in 
position. 

The discs are used for setting the bar at the correct angle by 
measuring up under the discs with a vernier height gage, the bar 
then being clamped securely to the angle plate. With the sine 
bar in Fig. ii, the discs are large enough to project over the edges 
of the bar so that the lower disc always rests directly upon the 
surface plate or upon a parallel on the plate, and the sine bar may 
be set very easily as it is merely swung upon its lower disc until the 
upper disc is at the right height as determined by the height gage. 

Use of the Special Table 

It is a convenience in using the sine bar to have a special table 
computed to cover degrees and minutes with sines calculated for 



a radius of 10; that is, the quantities are ten times the sines as taken 
from a regular table of sines. Thus, in the accompanying table 
the constants are figured for direct setting of the 10-inch sine bar. 
If a 5-inch bar is used these constants should be divided by two. 

Suppose, in Fig. 12, it is desired to set the bar at an angle of 25 
degrees, as indicated in the sketch in Fig. 13. In the triangle, Fig. 
12, the radius, 10 inches, is the center distance between the sine-bar 
discs, and the dimension required to be found is the height H. 
Referring to our table herewith, we find opposite the angle 25 
degrees, the constant 4.2262, so that the height of the center of the 
upper disc must be 4.2262 inches above the lower disc. In Fig. 13 
the sine bar is shown set with the lower disc center i inch above the 
surface plate as a matter of convenience so that the other disc 
must be set 4.2262 inches plus i inch or a center height of 5.2262 
inches. With the form of sine bar in Fig. 13, when the lower disc 
rests directlj;' upon a surface plate, the setting for the upper disc 
would be 4.2262 plus i inch or 4.7262 inches. 



USING SINE BAR 
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Attachment for Use with the Sine Bar 

The attachment illustrated in Fig. 14 was developed to be used 
with Johansson blocks in connection with the sine bar for more 
accurate setting or testing of angles than is usually obtained with 
the height gage. It is shown in use in measuring the angle on the 
shoe for an angular jig. 



Figs. 14 and 15.—Attachment for Use with the Sine Bar 


The body of the attachment is made of machine steel. The 
large hole A is a. slip fit for the plug of the sine bar. The knurled 
head screw B and the brass button C provide means for clamping. 
The small pin D driven into the machine-steel body on which one 
end of the gage blocks rests when in use completes the attachment. 

In Fig. 15, the sine bar E has the plugs F extending beyond the 
bar on both sides and clear on the tops. 

In use, the attachment is slipped over one of the plugs with the 
pin D pointed in. The sine bar is clamped on to the piece to be 
tested, and the required combination of blocks placed so as to rest 
on top of the plug of the sine bar and the pin of the attachment; 
with the aid of an indicator the blocks are then set parallel with the 
surface plate, adjustment being made by tapping the attachment 
up or down as required. 

After the blocks are set parallel, all that is necessary is to run the 
indicator over the higher plug of the sine bar and the top surface of 
blocks to determine the accuracy of the setting. 
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STANDARD JIG BUSHINGS 

Jig bushings have now been standardized and can be purchased 
from a number of makers. Bushings are divided into three types: 
press-fit bushings, which are forced directly into a jig and guide the 
drill or bar; liner bushings which are also forced into the jig and 
which carry renewable bushings for guiding the tools—sometimes 
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Fig. I. —Types of bushings 


called “master bushings’^; press-fit and liner bushings are made 
both with and without heads. Renewable bushings have heads 
of either plain or knurled types. The way in which these bushings 
are used is shown in Fig. i. The tables give dimensions as revised 
in August, 1941. 

Jig plate thickness has been standardized as shown in body length 
of press-fit bushings in Table i. Renewable bushings length 
depends on the bushing in which it fits. 

Grinding allowance is 

0.005 to 0.010 inch for and { inch 

0.010 to 0.015 inch for A and H i^ch 
0.015 to 0.020 inch for 4 inch and over 

Changes have been proposed in the body diameters of bushings 
but have not been adopted as yet. These include both finished 
and unfinished outside diameters, the unfinished bushings to have 
grinding allowances of from 0.005 inch on the smallest to 0.020 on 
I inch and larger. The unfinished sizes from 4 inch to 2i inches 
are the same as given in Table i. If and when these proposed 
changes are adopted, new tables can be secured from the American 
Standards Association, 29 West 39th Street, New York. 
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Table i.—Press-Fit Wearing Bushings—Headless 
AND Shoulder-Head Types 



Press Fit.Heaolless Press Fit, Head 
Wearing Bushing Wearing Bushing 


Range of Hole 
Size A in 
Inches 

Body Diameter* B, 
in Inches 

Body Length C*. 
in Inches 

Width 

of 

Maxi¬ 
mum 
Head* 
Diam¬ 
eter 
E, in 
Inches 

Maxi¬ 
mum 
Head* 
Height 
G, in 
Inches 

From 

Up to 
and 
In¬ 
clud¬ 
ing 

Nom¬ 

inal 

Maxi¬ 

mum 

Mini¬ 

mum 

Short 

Me¬ 

dium 

Long 

Cham¬ 
fer^ 
D, in 
Inches 

0.0156 

0.062s 

A 

0.176 

0.171 

A 



A 

i 

A 

0.0630 

0.0995 


0.223 

0.218 

A 


h 

A 

A 

A 

0.1024 

0.1378 

i 

0.270 

0.265 

A 


i 

A 

i 

A 

0. 1406 

0.1875 

A 

0.333 

0.328 

A 


1 


A 

i 

0 1910 

0 2500 

fi 

0.426 

0.421 

A 


i 

A 

H 

A 

0.2520 

0 3125 


0 520 

0.51S 

A 

i 

i 

A 

1 

A 

0.3160 

0 4219 

t 

0.64s 

0 640 

i 

i 

I 

A 

tf 

A 

0.437s 

0 5000 

} 

0.770 

0 765 

t 

i 

I 

A 

ft 

A 

0.5156 

0.6250 

i 

0.895 

0.890 

1 

I 

li 

A 

It 

» 

0.6406 

0 7500 

I 

r. 020 

1.015 

i 

I 

If 

A 

1} 

A 

0.7656 

I,0000 


1-395 

I 390 

I 

I 


A 


1 

1.0156 

I.3750 


1.770 

1.765 

I 


li 

A 

2 

1 

1.3906 

1.7500I 

2i 

2.270 

2.265 

I 

1} 

li 

A 

2j 

I 


All dimensions given in inches. 

Tolerance on fractional dimensions, where not otherwise specified, shall be 
H-o.oio inch. 

\ Hole sizes are in accordance with the proposed American standard for 
twist-drill sizes. 

2 The maximum and minimum values of the hole size, A, shall be as 
follows: 


Nominal Size of Hole, in 
Inches 

Maximum, in Inches 

Minimum, in Inches 

Above 0.0000 to i inch 
Above i to f inch 

Above t to f inch 

Above if 

Nominal -j-0.0004 in. 
Nominal -j-0.0005 in. 
Nominal -f 0.0006 in. 
Nominal -4-0.0007 in. 

Nominal -fo.0001 in. 
Nominal -f-0.0001 in. 
Nominal 4-0.0002 in. 
Nominal -j-o.ooo3in. 


* The minimum body diameter B is 0.015 to 0.020 inch larger than the 
nominal diameter in order to provide grinding stock for fitting to jig-plate 


XiUlCS. 

* The length C is the over-all length for the headless type and the length 
underhead for the head type. 

* The angle of chamfer E shall be 59 degrees ± i degree, and a slight radius 
shall be provided at the intersection of this chamfer with the hole A. 

* The heaH design shall he in accordance with the manufacturer’s practice. 





H Overall 
len^ih 
optional^ 


U-A-J A kA-l 

Slip Type, Renewable^ Plain Type, Renewable 
Wearing Bushing Wearing Bushing 

(Tolerance on fractional dimensions where not otherwise specified 
shall be ±o.oio inch) 


Range of Hole*t 

Size A 

Body Diameter B 

Width of 

Maximum 
]4pad § 

Prom 

Up to 
and In¬ 
cluding 

Nominal 

mum 

Mini¬ 

mum 

Chamfert 

D 

Diameter 

F 

0.0000 

0.1562 

tV 0.3125 

0.3123 

h 


0.1610 

0.312s 

i 0.5000 

0.4998 

A 


O/3160 

0.5000 

i 0.7500 

0.7498 

A 

\ 

0.5156 

0.7500 

I I .0000 

0.9998 

A 

If 

0.7656 

1.0000 

if 1-3750 

1-3747 

A 

2 

I. 6156 

I. 3750 

ij 1.7500 

I.7497 

A 

2i 

1.3906 

1.7500 

2j 2.2500 

2.2496 

A 

3 


* Hole sizes are in accordance with the proposed American Standard for 
twist-drill sizes, 

t The maximum and minimum values of hole size A shall be as follows: 


Nominal Size of Hole, 
in Inches 

Maximum, in Inches 

Minimum, in Inches 

Above 0.0000 to i inch 
Above f to t inch 

Above 1 to i inch 

Above if 

Nominal -+-0.0004 
Nominal 4 * 0 .0005 
Nominal -f-0.0006 
Nominal -+■ 0.0007 

Nominal 0.0001 
Nominal ■+-0.0001 
Nominal -+-0.0002 
Nominal -j-0.0003 


1 The angle of chamfer E shall be 59 degrees ± i degree, and a slight 
radius shall be provided at the intersection of this chamfer with the hole A.' 

J The head design shall be in accordance with the manufacturer’s practice. 

Head of slip type is usually knurled. 

When renewable wearing bushings are used with liner bushings of the 
head type, the lenrth under the head should be increased over the jig-plate 
thickness by the thickness of the liner bushing head. 
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* For detail dimensions of renewable wearing bushings, see Table 2. 

t The minimum body diameter B' is 0.015 to 0.020 inch larger than the nominal diameter in order to provide grinding stock for 
fitting to jig-plate holes. 

I The length C' is the over-all length for the headless type and the length under head for the head type. 

$ The head design shall be in accordance with the manufacturer’s practice. 
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* Table 5.—Malleable-Iron Jig Knobs 
(In Inches) 



Table 6.—Ball Cranks, Solid Handles 



Size 

Length over 

Center ball. 

Lar^e-End 

Small-End 

All, in Inches 

in Inches 

Ball, in Inches 

Ball, in Inches 

0 

3 

i 

I 

1 

I 

3h 

I 

if 

i 

li 

4 

li 

li 

li 

2 

4i 

li 

li 

li 

3 

5 

lA 

l| 

I 

4 

5i 

I A 

if 

I 

5 

6 

if i 

if 

I 

6 

6i 

if 

if 

I 

7 

7 

lA 

if 

I 

8 

7i 

li 

if 

I 

9 

8 

li 

If 

I A 

10 

8i 

lA 

if 

li 

12 

II 

iff 

2 

li 

13 

13 

iff 

2 

li 
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Table 7.—Revolving Handles 



Size 

Lengrth over 
All, in Inches 

Center Ball, j 
in Inches 

Large-End 
Ball, in Inches 

Small-End 
Ball, in Inches 

I 

3i 

I 

l4 

i 

li 

■ 4 

Is 

li 


2 

4 i 

li 

li 

ii 

3 

5 

IA 


I 

4 

5 ^ 

lA 


I 

5 

6 

li 

li 

I 

6 

6 i 

ii 

i| 

I 

7 

7 

lA 

li 

I 

8 

7 i 

4 

li 

I 

9 

8 

4 

li 

lA 

10 

8 i 

*A 

li 

li 

12 

II 


2 

li 

13 

13 


2 

li 


Table 8.—Machine Handles 




Size 

Length of Shank, 
in Inches 

_ i 

Length over All, 
in Inches 

Diameter of Shank, 
in Inches 

000 

X 

V 

ifi 

i 

00 

t 

V 

iM 

i 

0 

X 

V 

2A 

A 

i 

t 


2A 

A 

I 


V 

2H 

i 

2 


i 

3A 


3 


f 


A 

4 


i 

3M 

A 

S 

i 

1 

4i 


6 

i 

1 

4A 

i 

7 

i 

i 

S 

j 

8 

lA 

Si 

1 
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Table 9.—Revolving Machine Handles 
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Size 

Length of Shank, 
in Inches 

Diameter of Shank, 
in Inches 

Length over All, 
in Inches 


P 

A 


3 

f 

i 

3 ii 

4 

i 

A 

4^ 

7 

I 

1 

5i 


Table io.—^T wo Ball Levers 


c ^=0 


Size 

Length over All, 
in Inches 

Large-End Ball, 
in Inches 

Small-End Ball, 
in Inches 

I 

3 i 

li 

i 

li 

4 

li 


2 

4 i 

i| 

U 

3 

5 

i| 

I 

4 

Si 

i| 

I 

6 

6 i 


I 

7 

7 


I 

10 

8i 

if 

li 


Balcrank Handle Specification Tolerances 

Machine handles, shank diameter. -ho.ooi to 4-0.003 

Machine handles, shank length. — o.oos to -fo.oos 

On machining of center or end balls; 

Holes up to and including 5 inch_ —0.0005 to 4-0.001 

Holes over | inch. —0.0005 to - 4 o.0015 

Thickness from face to face. —0.0050 to 4 0.0050 

Keyway width. —0.0000 to -j-o.ooos 

Key way depth. —0.0000 to -j-0.0080 

Diameter of faces. —0.0156 to 4 -o.ois 6 

Limits cannot be held on thickness of ball and both face diameters. Spec¬ 
ify only two of these diameters. Do not specify close tolerances where they 
are not needed; it is an economic waste. 


FITTING BALL AND ROLLER BEARINGS 

Users of ball and roller bearings are interested in the fitting of the 
bearings into machines rather than detailed! dimensions of lie bear¬ 
ings themselves. Table ii gives this information in concise form. 
Similar tolerances apply to other bearings of similar types. 










Table ii.—Tolerances and Fits por New Departure Radax Bearing Mountings 
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Shaft Stationary 

Fits 

Loose 

0.0007 

0.0007 

0.0007 

0.0007 

0.0007 

0.0007 

0.0008 

0.0008 

bO 

00000 0 M M 

00000 0 0 0 

00000 0 0 0 

00000 0 0 0 

doddd d d d 

12 

0 

0 

a 

rt 

Q 

'•as 
.5 3 
:^a 

^ M 0 

•"lOiObOro 0 ^ 

t^ooooooo 00 !>. 

M ro »0 

0 d 0 0 0 M M M 

a 73 

OMOiOOv 00 \0 

MOOOt^rO 0 Tt 

t^O^OoDoo r- r>- 

Tj-vovOt^Ov ro >0 

00000 M H M 

Shaft Revolving 

£ 

4) 

(/) 

0 

00000 0 M M 

00000 0 0 0 

00000 0 0 0 

00000 0 0 0 

0 d d d 0 0 0 d 

Xi 

bo 

H 

00 00 

00000 0 0 0 

00000 0 0 0 

00000 0 0 0 

odddd 0 0 d 

2 

0 

a 

rt 

Q 

sa 

M Oi 

MOO>P*^ M ^ 

t^OvOODoO 00 

Tt-iO'Ot'O^ M ro »0 

ooodd M M M 


r^0>'0*^'0 fo i-« 

fHOO\t>.'«t M 00 */» 

t^OtOoDOO 00 

rf-iooi^Ok i-i 

ddddd t-i M M 

Bearing Bore 

u 

0 

c 

a 

u 

1 

0.0004 

0.0004 

0.0004 

0.0004 

0.0004 

0.0004 

0.0005 

0.0005 

+ 

00000 0 0 0 

00000 0 0 0 

00000 0 0 0 

00000 0 0 0 

ddddd d d d 

w 

Ih 

0 

0 

a 

a 

Q 

sa 

0<H0\00> 00 

ClOOOl^rO 0 

r-Okvooooo 00 

M fO i/> 

ddddd M M w 

ii 

sa 

f 

•^t'OPO^ro M 0 00 

wOOvr^^ M 00 rt 

r-OkvOoooO 00 t" 

■"tiO'Ot'a M N 5 V 

ddddd H M M 

Basic 

Bearing 

Numbers 


H M f0f*5 VilO vCOO OOOOOO 

0 0 00 00 00 006 000 000 

Cl Ct W.fO «rO^ NfOTl- WfO't 
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Table 12. —Tolerances in Fitting Bower Roller Bearings—See Page 842 
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Stationary Shaft 

Adjustable and Nonadjustable Cone 

s 

0.0000 T 
0.0010 L 

0 fO 

0 M 

d d 

0.0000 T 
0.0020 L 

Stationary or Rotating Housing 

Nonadjustable Cup 

•p 

\rt \r> 
N 0 

d d 

HH 

m V) 

no 
0 0 
0 0 

0 d 

0.0040 T 
0.0010 T 

Shaft Tolerance 

+0.0000 
-• 0.000s 

000 
0 0 

88 
d d 
+ 1 

0 0 

0 M 

88 
d d 
+ 1 

Housing Tolerance 

Vi \n 

0 M 
§§ 
0 0 

1 1 

Szooo — 
oiooo — 

0 0 

H CO 
§§ 
d d 

1 1 

Rotating Shaft 

Nonadjustable 

Cone 

£ 

10 

M 0 

0 0 
0 0 

d d 

0.0018 T 
0.000s T 

HH 

W) 1/1 

« 0 

0 0 

0 0 

d d 

Adjustable Cup* 


0 0 

0 0 
0 0 

d d 

0 »o 

0 0 
0 0 

d d 

0.0010 T 
0.0020 L 

Shaft 

Tolerance 

10 0 

M M 

0 0 
0 0 

d d 
++ 

00 0 

0 0 
0 0 

d d 
++ 

S1000+ 

Scooo-j- 

Adjustable Cone 

*> 

0.000s T 
0.0005 L 

0.0008 T 
0.0005 L 

0 0 

0 0 

0 0 

d d 

Housing Tolerance 

0 0 

M 0 

0 0 
0 0 

0000 

Sioo 

0020 

0000 

Shaft 

Tolerance 

0000•0 — 
S0000+ 

00 0 
0 0 
0 0 
0 0 

d d 
+ 1 

+0.0010 
— 0.0000 

d d 
+ 1 

0 0 
+ 1 

d d 
+ 1 

Bore 

Toler¬ 

ance 

0000•0 — 
S0000+ 

+0.0010 
— 0.0000 

O.D. 

Toler¬ 

ance 

+0.0010 
— 0.0000 


Bearing Bore 

Up to li inches 

li to inches 

2} inches and up 

Bearing O.D. 

Up to 3 inches 

3 to S inches 

S to 7 inches 

sSufnros poiodi^ 
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Minimum Spacing of Hexagon Nuts for Wrench Clearance 


I dPu I 



1©l‘ 


This shows the minimum spacing 
for wrench clearance of bolts with 
hexagon nuts; also the sizes for 
standard socket-wrench heads, diam¬ 
eter of spot-facing cutters, washers 


W^3'/2cl-h'/e 

D-hw.cosIS'* 

Dr'/2Wi-'/2C+^/^D 


Socket Wrench other information on bolts. 


spotface where washers are used, add 
i in. to washer diam. for diam. of 
cutter to use. 


Table 13.—Open-End and Socket-Wrench Heads 
(In Inches) 

D Di lPs”s. Plat^ So^et Wrgich 

B C I' H 


7IK 
SIU 
%% 9 

H 2 10 >4 



Hole in washer «» diameter of bolt -f- A tor bolts up to and including x 
inch in diameter. 

Hole in washer - diameter of bolts -f i inch for bolts xf to 2 I inches in 
diameter, inclusive. 
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Table 14.—Countekbores with Inserted Pilots 
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BOWER ROLLER BEARING TOLERANCES 
AND FITTING PRACTICES 

Proper fitting practice depends on the installation since deviations 
from normal are often necessary. These may be due to the type 
of service, ease of assembly and disassembly, hardness or finish of 
shaft and housing, hollow or solid shaft, load, speed, etc. 

To some extent the t)rpe of bearing controls the fitting practice, 
that is, the rolling clearance in the straight roller bearing would be 
affected by the fit, whereas the clearance in the tapered roller bear¬ 
ing is adjustable. 

Whichever race is stationary of the self-contained straight roller 
bearing t)rpe should have endwise movement to align itself with the 
rotating race. For the other t)rpes, the stationary race should be 
fixed. 

In the column of fits, T means tight and L means loose. (Table 
12.) 


INTEGRAL RIGHT-ANGLED TRIANGLES 

The erection of a perpendicular by the construction of a triangle 
whose sides are respectively 3, 4, and $ units in length is a familiar 
and handy device. The following table gives a greater range of 
choice in the shape or proportions of the triangle employed. The 
table is a list of all integral, or whole-number, right-angled triangles 
the units of whose least sides do not exceed 20. 


Height 

Base 

Hypot¬ 

enuse 

Height 

Base 

Hypot¬ 

enuse 

Height 

Base 

Hypot¬ 

enuse 

3 

4 

5 

12 

16 

20 


144 

145 

S 

12 

13 

12 

3 S 

37 

18 

24 

30 

6 

8 

10 

13 

84 

8 s 

18 

80 

82 

7 

24 

25 

14 

48 

50 

19 

180 

181 

8 

15 

17 

15 

20 

25 

20 

21 

29 

9 

12 

IS 

IS 

36 

39 

20 

4S , 

52 

9 

40 

41 

IS 

112 

113 

20 

99 

lOI 

10 

24 

26 

16 

30 

34 




II 

60 

61 

16 

63 

fis 





TABLE OF CHORDS 

To construct any angle from the table of chords, page 843: Let 
the required angle be 36 degrees 38 minutes; the nearest angles in 
the table are 36 degrees 30 minutes and 36 degrees 40 minutes, 
and the chords are respectively 0.6263 and 0.6291, the difference 
0.0028 corresponding to an angular difference of 10 minutes. To 
find the amount which must be added to 0.6263 (the chord corre¬ 
sponding to 36 degrees 30 minutes) in order to obtain the chord for a 
36 degrees 38 minutes arc, multiply 0.0028 by ^ = 0.00224, 
0.6263 -f 0.00224 =» 0.62854. Then, 6 the radius is i inch and the 
angle 36 degrees 38 minutes, the chord will be 0.62854 inch. 
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Table 15.—^Table of Chords 

the tabulated quantities = TWICE THE SINE OP HALF THE ARC 


20' 

30' 


Scf 

_-0 
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Table 15.— Table of Chords — Continued 

THE TABULATED QUANTITIES = TWICE THE SINE OP HALP THE ARC 


Deg. o' 10' ao' 

46 *7815 .7841 .7868 

47 *7975 -Sooi -8028 

48 •8135 .8161 ^188 

49 .8294 .8320 .8347 

50 .8452 .8479 .8505 

51 .8610 .8636 .8663 

52 *8767 .8793 .8820 

53 .8924 .8950 .8976 

54 .9080 ^106 •9132 

« .9225 .0261 .0286 

56 .9389 .9415 .9441 

57 -9543 -9569 *9594 

58 .9696 .9722 .9747 

59 .9848 .9874 .9899 

60 1.0000 1,0025 1.0050 

61 1*0151 1.0176 1.0201 

62 1.0301 1.0326 1.0350 

63 1.0450 1.0475 1.0500 

64 1.0598 1.0623 1.0648 

65 1.0746 1.0770 1.0795 

66 1.0893 1.0917 1.0941 

67 1,1039 1.1063 1.1087 

68 1.1184 1.1208 1,1232 

69 1.1328 1.1352 1.1376 

70 1.1471 1.1495 1-1519 

71 1.1614 1.1638 1.1661 

72 1.1756 1.1780 1.1803 

73 1.1896 1.1920 1.1943 

74 1.2036 1.2059 1.2083 

75 1.2175 1.2198 1.2221 

76 1.2313 1.2336 1.2360 

77 1.2450 1.2473 1.2496 

78 1.2586 1.2609 1.2631 

79 1.2721 1.2744 1.2766 

80 1.2856 1.2878 1.2900 

81 1.2989 1.3011 1.3033 

82 1.3121 1.3143 1.3165 

83 1.3252 1.3274 1.3296 

84 1-3383 1-3404 1-3426 

85 1.3512 1.3533 1.3555 

86 1.3640 1.3661 1.3682 

87 1.3767 1.3788 1.3809 

88 1.3893 1.3914 1.3935 

89 14018 14039 14060 

I4I42 


30 

AP 

50' 

60' 

•7895 

.7921 

•7948 

-7975 

-805s 

.8081 

.8108 

-8135 

.8214 

.8241 

.8267 

-8294 

-8373 

.8400 

.8426 

.8452 

-8531 

-8558 

.8584 

.8610 

.8689 

-8715 

.8741 

-8767 

.8846 

.8872 

.8898 

.8924 

.9002 

.9028 

-9054 

.9080 

•9157 

-9183 

.9209 

•9235 

•9312 

-9338 

•9364 

•9389 

.9466 

.9492 

-9518 

-9543 

.9620 

.9645 

-9671 

.9696 

•9772 

-9798 

-9823 

.9848 

.9924 

-9949 

•9975 

1.0000 


1.0075 i.oioo 1.0126 1.0151 

1.0226 I.025I 1.0276 .0301 

1.0375 1.0400 1.0425 1.0450 

1.0524 1.0550 1.0574 1.0598 

1.0672 1,0697 1.0721 1.0746 

1.0819 1.0844 1.0868 1.0893 

1.0966 1.0990 1.1014 1.1039 

I.IIII 1.1135 1.1159 1.1184 

1.1256 1.1280 1.1304 1.1328 

1.1400 1.1424 1.1448 1.I47I 

I.I543 1.1567 1.1590 1.1614 

1.1685 1.1708 1.1732 1.1756 

1.1826 1.1850 1.1873 1.1896 

1.1966 I.I990 1.2013 1.2036 

1.2106 I.2I29 I.2I52 1.2175 

1.2244 1.2267 1.2290 1.2313 

1.2382 1.2405 1.2427 1.2450 

1.2518 I.254I 1.2564 1.2586 

1.2654 1.2677 1.2699 I.272I 

1.2789 1.2811 1.2833 1.2856 

1.2922 1.2945 1.2967 1.2989 

1-3055 1-3077 1-3099 1-3121 

1-3187 I.32C39 I.323I 1.3252 

1-3318 1.3340 1.3361 1.3383 
1-3447 1-3469 t.3490 1.3512 
1-3576 1.3597 1-3619 1-3640 

1-3704 1.3725 1.3746 1.3767 

1-3830 1.3851 1-3872 1.3893 

1.3956 1.3977 1.3997 1.4018 

14080 I4I01 14121 14142 
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Table 16.—Spacing Holes in Circles 


No. of Divisions 
in Circle 

Deg. of Arc 

Length of Chord 
Dia. I 

Length of Chord 
Dia. 3 

Length of Chord 
Dia. 3 

Length of Chord 
Dia. 4 

Length of Chord 
Dia. s 

Length of Chord 
Dia. 6 

3 

120 

.866 

1.732 

2.598 

3464 

4-330 

5.196 

4 

90 

.707 

1*414 

2 .I 2 I 

2.828 

3-536 

4-243 

5 

72 

.588 

1.176 

1.763 

2-351 

2.938 

3-527 

6 

60 

.500 

1.000 

1.500 

2.000 

2.500 

3.000 

7 

5 i°“ 25 ' 

•434 

.868 

1.302 

1-736 

2.170 

2.604 

8 

45 

•383 

•765 

1.148 

I -531 

1-913 

2.296 

9 

40 

•342 

.684 

1.026 

1.368 

I.710 

2.052 

10 

36 

•309 

.618 

.927 

1.236 

1-545 

1.854 

II 

32 °- 43 ' 

.282 

.564 

•^45 

1.127 

1.409 

1.691 

12 

30 

•259 

.518 

.776 

1-035 

1.294 

1-553 

^3 

27 °- 4 i' 

•239 

•479 

.718 

•958 

I.I97 

1.436 

14 

25^-42' 

.222 

•445 

.667 

.890 

I.II 2 

1-334 

15 

24 

.208 

.416 

.624 

.832 

1.040 

1.247 

16 

22°~3o' 

•19s 

•390 

• 5^'^5 

.780 

•975 

1.171 

17 

2 I°-I l' 

.184 

•367 

•551 

-735 

.918 

1.102 

18 

20 

.174 

•347 

.521 

•693 

.868 

T.041 

19 

i 8 °- 57 ' 

.164 

•329 

•493 

•658 

.822 

.987 

20 

18 . 

.156 

•313 

,468 

.625 

.782 

•937 

21 

17°- 8' 

.149 

.298 

•447 

•596 

•745 

.894 

22 

i6°-22' 

.142 

.286 

.427 

•569 

.712 

•85s 

23 

i 5 °- 39 ' 

.136 

•273 

.409 

•545 

.681 

.818 

24 

15 

.130 

.261 

•392 

.522 

-653 

•783 

25 

i 4 °- 24 ' 

•125 

,251 

•375 

.501 

.627 

•752 

26 

i 3 °- 5 i' 

.120 

,241 

.361 

.482 

.602 

•723 

27 

I3®-2o' 

.116 

.232 

•348 

.464 

.580 

.697 

28 

12 ®-Sl' 

.112 

.224 

•336 

.448 

,560 

,672 

29 

I 2 ®- 25 ' 

0I08 

.216 

•324 

.432 

.540 

.648 

30 

12 

.104 

.209 

.314 

.418 

•522 

.627 

31 

ii'- 37 ' 

.101 

.202 

•303 

404 

•505 

.606 

3a 


.098 

•196 

.294 

•393 

•491 

•589 

1 
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Table 16.—Spacing Holes in Circles— Continued 


1 

el 

'SO 

1 

•s 

s? 

p 

Length of Chord 
Dia. 7 

^00 

1 

Length of Chord 
Dia. 9 

Length of Chord 
Dia. 10 

^ w 

« 

O.S3 

r 

Length of Chord 
Dia. 12 

3 

120 

6.062 

6.928 

7-794 

8.660 

9.526 

10.392 

4 

90 

4.950 

S-657 

6.364 

7.071 

7-778 

8.485 

5 

72 

4.II5 

4.702 

5-290 

5.878 

6.465 

7-053 

6 

60 

3-500 

4.000 

4-500 

5.000 

5-500 

6.000 

7 


3-037 

3-471 

3-905 

4-339 

4-773 

5-207 

8 

45 

2.679 

3.061 

3-444 

3.827 

4.210 

4.592 

9 

40 

2-394 

2.736 

3.078 

3.420 

3.762 

4.104 

10 

36 

2.163 

2.472 

2.781 

3.090 

3-399 

3.708 

II 

32“-43' 

1-973 

2.254 

2-536 

2.818 

3.100 

3-381 

12 

30 

1.812 

2.069 

2.329 

2.588 

2-847 

3-106 

13 

27°-4l' 

1.676 

1-915 

2.154 

2-394 

2.633 

2.873 

14 

25®-42' 

I-SS7 

1.779 

2.000 

2.224 

2.446 

2.669 

15 

24 

3^-455 

1.663 

1.871 

2.079 

2.287 

2-495 

16 

22°-30' 

1.366 

1.361 

1-756 

1-951 

2.146 

2.341 

17 

2I°-Il' 

1.286 

1.469 

1-653 

1-837 

2.020 

2.204 

rS 

20 

1.216 

1.389 

1-563 

1-737 

1.910 

2.084 

19 

i 8‘’-57' 

1.151 

1.316 

1.480 

1-645 

1.809 

1.974 

20 

18 

1.095 

1.251 

1.408 

1-564 

1.721 

1-877 

21 

if - 8' 

1-043 

1.192 

1-341 

1.489 

1.639 

1.788 

22 

i6°-22' 

•996 

I-139 

1.281 

1-423 

1-566 

1.708 

23 

iS°-39' 

•954 

1.092 

1.227 

1-363 

1-499 

1-635 

24 

IS 

•914 

1.044 

1-175 

1-305 

1-436 

1.566 


i4®-24' 

•877 

1.003 

1.128 

1-253 

1-379 

1.504 

26 

i3°-5i' 

•843 

-963 

1.084 

1.204 

1.325 

1445 

27 

I3®“20' 

•813 

-929 

1.045 

I.161 

1.277 

1-393 

28 


.784 

.896 

1.008 

I.I2I 

1-233 

1-345 

29 

I2®-25' 

•756 

.864 

-972 

1,080 

1.188 

1.296 

y > 

12 

■73« 

.836 

.941 

1.045 

1.150 

1.254 

31 

ii»-37' 

.707 

.808 

.910 

I. on 

I.II2 

i.ai3 

32 

ii®-i5' 

.687 

•785 

.883 

.982 

1.080 

1.178 















SPACING HOLES 


847 

In laying out an angle, as in the accompanying illustration, a base 
line AB can be drawn, say 10 inches long; then with a radius AB 
and center Ay arc BC can be struck. Multiply chord 0.62854 inch 
by 10 giving 6.2854 inches, as the radius of an arc to be struck from 
center B and cutting arc BC at C. Through point C draw a line 
AC and the angle BAC will equal 36 degrees 38 minutes. 



Where the angle required is in even degrees or sixths of degrees 
(as lo minutes, 20 minutes, etc.), the corresponding chord may be 
taken directly from the table. A 10:1 layout is particularly con¬ 
venient as the multiplication of the tabulated chords by 10 is readily 
performed mentally. 

TABLE FOR SPACING HOLES IN CIRCLES 

The table on page 845 will be found of service when it is 
desired to space any number of holes up to and including 32, in a 
circle. The number of divisions or holes desired will be found in 
the first column, the corresponding angle included at the center 
being given as a convenience in the second column. The remaining 
column heads cover various diameters of circles from i to 12 inches, 
and under these different heads and opposite the required number of 
holes will be found the lengths of chords or distances between hole 
centers for the given circle diameter. 

Thus, if it is required to space off 18 holes in an 8-inch circle, by 
following down the first column until 18 is reached and then reading 
directly to the right, in the column headed “Length of Chord- 
Dia. 8,^^ will be found the distance 1.389 as the chord length for that 
number of divisions and diameter of circle. Or, suppose a circle of 
12 inches diameter is to be spaced off for a series of 27 holes to be 
drilled at equal distances apart: Opposite 27 found in the first 
column, and under the heading, “Dia. 12,” will be found the chord 
1-393 as the length to which the dividers may be set directly for 
laying off the series of holes. 

If it is desired to lay off a series of holes in a circle of some diam¬ 
eter not given in the table, say 10 holes in an ni-inch circle, sub¬ 
tract the chord for 10 holes in an ii-inch circle, or, 3.399 from the 
chord in the “ Dia. 12 ” column, or 3.708, and add half the difference 
(0154) to 3.399, giving 3.553 as the chord or center distance between 
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holes. Or, if 24 holes are to be equally spaced in a 20-inch circle, 
all that is necessary in order to find the chord, or center distance, is 
to find opposite 24, and in the column headed, “Dia. 10,^^ the 
quantity 1.305 and multiply this by 2, giving a length of 2.610 
inches as the center distance. 

TABLE OF SIDES, ANGLES, AND SINES 

The table on page 849 is carried out for a much higher num¬ 
ber of sides or spaces than are included in the preceding table 
and will be found useful in many cases not covered by that table. 
It was originally computed for finding the thicknesses of com¬ 
mutator bars and also for calculating the chord for spacing slots in 
armature punchings. In using this table, the diameter of the circle 
is, of course, multiplied by the sine opposite the desired number of 
holes or sides. 

Assuming for illustration that a series of 51 holes are to be equally 
spaced about a circle having a diameter of 17 inches, opposite 51 in 
the column headed “No. of Sides,” find the quantity 0.06156 in the 
column headed “Sine,” and multiply this quantity by 17. The 
product 1.0465 is the length of the chord or the required distance 
between centers of the holes for this circle. Or, if 40 equidistant 
points are to be spaced about a circle 16 inches diameter, opposite 
the number of sides, 40, will be found the quantity 0.078459 which 
multiplied by 16 gives 1.255 inches as the distance between centers. 
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Table 17.—Sides, Angles, and Sines 
Multiply Diameter by Sine to Get Length of Side 
(Angle given is half of angle subtended at center) 


No. 

Sides 

An^le 

Deg. Min. Sec. 

Sine 

No. 

Sides 

Angle 

Deg. Mm. Sec. 

Sine 

3 

60 

.8660254 

52 

3-27-41.53 

.0603784 

4 

45 

.7071067 

53 

3-23-46.41 

.0592405 

5 

36 

.3877852 

54 

3-20 

.0581448 

6 

30 

.5000000 

55 

3-16-21.81 

.0570887 

7 

25-42-51^2 

.4338828 

56 

3-12-51.42 

.0560704 

8 

22-30 

.3826834 

57 

3- 9-28.42 

•0350877 

9 

20- 

.3420201 

5 « 

3- 6-12.41 

.0541388 

10 

18- 

.3090170 

59 

3- 3- 3 -os 

.0532221 

II 

16-21-49.09 

.2817325 

60 

3 - 

•0523360 

12 

IS- 

.2588190 

61 

2 -S 7 - 2.9s 

.0514787 

13 

13-5^46.15 

•2393157 

62 

2-54-11.61 

.0506491 

14 

12-51-25.71 

.2225208 

63 

2-51-25.71 

.0498458 

15 

12 

.2079116 

64 

2-48- 45 

.0490676 

16 

II-IS 

.1950903 

65 

2-46- 9.23 

•0483133 

17 

10-35-17*64 

•183749s 

66 

2-43-38.18 

•0475819 

18 

10- 

.1736481 

67 

2-41-11.64 

.0468722 

19 

9-28-25.26 

•1645945 

68 

2-38-49.41 

.0461834 

20 

9 - 

•1564344 

69 

2-36-31.30 

•0455145 

21 

8-34-17.14 

.1490422 

70 

2-34-17.14 

.0448648 

22 

8-10-54.54 

.1423148 

71 

2-32- 6.76 

•0442333 

23 

7-49-33-91 

.1361666 

72 

2-30 

.0436194 

24 

7-30- 

.1305262 

73 

2-2 7-56.71 

,0430222 


7-12- 

•1253332 

74 

2-25-56.75 

.0424411 

26 

6-55-23*07 

.1205366 

75 

2-24- 

.0418757 

27 

6-40 

.1160929 

76 

2-22— 6.31 

.0413249 

28 

6-25-42.85 

.1119644 

77 

2-20-15.58 

.0407885 

29 

6-12-24.82 

.1081189 

78 

2-18—27.^ 

,0402659 

30 

6- 

.1045284 

79 

2-16-42.53 

•0397365 

31 

5-48-23.22 

.1011683 

80 

■ 2-15- 

•0392598 

32 

5-37-30 

.0980171 

81 

2-13-20 

•0387733 

33 

5-27-16.36 

.0950560 

82 

2-11-42.45 

.0383027 

34 

5-17-38.82 

,0922683 

83 

2—10— 7.22 

•0378414 

35 

5- 8-34.28 

.0896392 

84 

2- 8-34.28 

•0373911 

36 

5 - 

•0871557 

85 

2- 7 - 3.54 

•0369315 

37 

4-51-53*51 

.0848058 

86 

2- 5-34.88 

.0365220 

3S 

4-44-12.63 

.0825793 

87 

2— 4— 8.27 

.0361023 

39 

4-36-55*38 

.0804665 

88 

2- 2-43.63 

.0356923 

40 

4-30- 

•0784591 

89 

2- 1-20.89 

.0352914 

41 

4-23-24.87 

.0765492 

90 

2— 

.0348995 

42 

4-17- 8.57 

.0747301 

91 

1-58-40.87 

.0345160 

43 

4-11- 9.76 

.0729952 

92 

I-S 7-23-47 

.0341410 

44 

4- 5-27.27 

.0713391 

93 

i-S6- 7-74 

•0337741 

45 

4 

.0697565 

94 

I-S 4 -S 3 - 6 I 

.0334149 

46 

3-54-46.95 

.0682423 

95 

1 -S 3 - 4 I-OS 

.0330633 

47 

3-49-47.23 

.0667926 

96 

x-53-30. 

,0327190 

48 

3 - 45 - 

.0654031 

97 

I-5I-2O4I 

.0323818 

49 

3-40-24.49 

.0640702 

98 

1-50-12.24 

.0320515 

50 

3-36- 

.0627905 

99 

1-49- 5-45 

.0317279 



.0615609 

100 

1-48- 

.0314107 
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Table 17.—Sides> Angles, and Sines— Continued 
Multiply Diameter by Sine to Get Length of Side 
(Angle given is half of angle subtended at center) 


“nST 

Sides 

Angle 

Deg. Min. Sec. 

Sine 

No. 

Sides 

Angle 

Deg. Mm. Sec. 

Sine 

lOI 

1-46-55.84 

.0310998 

151 

I-II-31.39 

.0208037 

loa 

1-45-52*94 

.0307950 

152 

i-ii- 3.15 

.0206668 

103 

1-44-51.26 

.0304961 

153 

1-10-35.29 

.0205318 

104 

1-43-50.76 

.0302029 

154 

I-IO- 7.79 

.0203985 

105 

1-42-5142 

.0299154 

155 

1— 9-40.64 j 

.0202669 

106 

I-41-53.20 

.0296332 


I- 9-13.84 ! 

.0201370 

107 

1-40-56.07 

.0293564 

157 

1- 8-47.38 

.0200087 

108 

1-40- 

.0290847 


1- 8-21.26 

.0198821 

109 

1-39- 4-9S 

.0288179 

159 

I- 7-55 47 

.0197571 

no 1 

1-38-10.90 

.0285560 

160 

I- 7-30 

.0196336 

III 

1-37-17.83 

.0282488 

161 

I- 7- 4.84 

.0195117 

II2 

1-36-25.71 

.0280462 

162 

1- 6-40 

.0193913 

«3 

1-35-34.51 

.0277981 

163 

1- 6-15.46 

.0192723 

II4 

1-34-44.21 

■0275543 

164 

I- 5-51.21 

.0191548 

115 

1-33-54.78 

,0273147 

165 

1- 5-27.27 

.0190387 

116 

1-33- 6*20 

.0270793 

166 

I- S- 3-6i 

.0189241 

117 

1-32-18.46 

.0268479 

167 

1- 4-40.23 

.0188107 

118 

I-3I-3I.52 

.0266204 

168 j 

I- 4-17.14 

.0186988 

II9 

1-30-45.38 

.0263968 

169 

1- 3-54-31 

.0185881 

120 

1-30- 

.0261769 

170 

I- 3-31-76 

,0184788 

I2I 

1-29-15.37 

.0259606 

171 1 

I- 3- 9*47 

.0183708 

122 

1-28-31.47 

.0257478 

172 

I- 2-47*44 

.0182640 

123 

1-27-48.29 

.0255386 

173 

1- 2-25.66 

.0181584 

124 

1-27- 5.80 

.0253326 

174 

'I- 2- 4*13 

.0180541 

125 

1-26-24 

.0251300 

17s 

I- 1-42.85 

.0179509 

126 

1-25-42.85 

.0249306 

176 

I- 1-21.81 

.0178489 

127 

1-25- 2.36 

,0247344 

177 

I- I- I.OI 

.0177481 

128 

1-24-22.50 

.0245412 

178 

I- 0-40.44 

.0176484 

129 

1-23-43.25 

.0245509 

179 

I— 0-20.11 

.0175498 

130 

1-23- 4.61 

.0241637 

180 

I— — 

.0174524 


1-22-26.56 

.0239793 

181 

-59-40.11 

•0173559 

132 

1-21-49.09 

.0237976 

182 

-59-20.43 

.0172605 

^33 

I-2I-I2.18 

.0236188 

183 

-59- 0.98 

X)i7i663 

^34 

1-20-35.82 

.0234425 

184 

-58-41.73 

.0170730 

13s 

1-20- 

.0232689 

185 

—58-22.70 

.0169807 

136 

I-19-24.70 

.0230978 

186 

-58- 3-87 

.0168894 

137 

1-18-49.92 

.0229292 

187 

-57-45.24 

.0167991 

138 

1-18-15.65 

.0227631 

188 

-57-26.30 

.0167097 

139 

1-17-41.87 

.0225994 

189 

-'57- 8.57 

.0166214 

140 

1-17- 8.57 

.0224380 

190 

-56-50.52 

.0165339 

141 

i-i^ 3 S -74 

.0222789 

191 

-56-32.67 

.0164473 

142 

1-16- 3-38 

.0221220 

192 


.0163617 

143 

itiS-31-46 

.0219673 

193 

-55-57*51 

.0162769 

144 

1-15- 

.0218148 

194 

-55-40.20 

.0161930 

145 

1-14-28.96 

.0216644 

195 

-55-23-07 

,0161100 

146 

1-13-58.35 

.02151^ 

196 

-55- 6.12 

.0160278 


1-13-28.16 

.0213697 

197 

-54-49*34 

.0159464 


1-12-58.37 

X>2I22S3 

198 

-54-32*72 

.0158659 

149 

1-12-28.99 

.0210829 

199 

-54-16.28 

X>T 57862 

f5o 


X)209424 

200 

-54- 

0157073 
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Table 17.— Sides, Angles, and Sines —Continued 
Multiply Diameter by Sine to Get Length of Side 
(Angle given is half of angle subtended at center) 


No. 

Angle 

Sine 

Sides 

Min. Sec. 

201 

53 - 43-88 

.0156244 

202 

53-27.92 

.0155518 

203 

53-12.12 

•0154752 

204 

52-56-47 

-0153993 

205 

52-40.97 

.0153242 

206 

52-25-63 

.0152498 

207 

52-10.44 

.0151764 

208 

51-55-38 

.0151033 

209 

51-40.48 

.0150310 

210 

51-25-71 

.0149595 

2 II 

51-11.09 

.0148886 

212 

50-56.60 

.0148183 

213 

50-42.25 

.0147487 

214 

50-28.04 

.0146798 

215 

50-13.96 

.0146115 

216 

50- 

.0145439 

217 

49-46.17 

.0144769 

218 

49-32.48 

,0144104 

219 

49-18.91 

.0143446 

220 

49 - 5-46 

.0142794 

221 

48-52.13 

.0142148 

222 

48-38.92 

.0141508 

223 

48-25.83 

.0140874 

224 

48-12.86 

.0140245 

225 ' 

48- 

.0139622 

226 

47-47.26 

.0139004 

227 

47-34-63 

.0138392 

228 

47-22.11 

-0137785 

229 

47- 9.69 

.0137183 

230 

46-57-39 

.0136587 

231 

46-43.19 

•0135995 

232 

46-33.10 

.0135409 

233 

46-21.11 

.0134828 

234 1 

46- 9.23 

.013425a 

235 

45 - 57-45 

.0133681 

236 

45-45-76 

•013311S 

237 

45-34-18 

-0132553 

238 i 

45-22.69 

.0131996 

239 1 

45-11.29 

.0131444 

240 

45 - 

.0130896 

241 

44-48.80 

•0130353 

24a 

44-37.68 

.0129814 

243 

44-26.67 

.0129280 

244 

44-15-74 

/3128750 

245 

44 - 4-90 

.0128225 

346 

43-54-iS 

.0127704 


43-43-48 

x)I27i87 

248 I 

43-3240 

.0126674 


43-3341 

/)I26i6s 

2$0 

43-13 

35661 


Min. Sec . 

43- I •67" 

42-SM3 
42-41.26 
42-31.18 
42-21.18 
42-11.25 
42- 1.40 
41-51.63 
41-41.93 

41-32-31 

41-22.76 
41-13.28 
41- 3.88 
40-54.54 
40-45.28 
40-36.09 
40-26.96 
40-17.91 
40- 8.93 
40- 

39 - 5 ^-H 

39-42.35 

39-33-63 

39-24.96 

39-16.36 

39 - 7-83 
38-59-35 

38-50.94 
38-42.58 
38-34.28 
38-26.05 
38-17.87 
38 - 9-75 
38- 1.69 
37-53-68 

17-45-73 

37-37-84 

37-30 

37-22.21 
,37-14.48 
37- 6.80 
36-59.18 
36-51.60 
36-44.08 
36-36.61 
36-29.19 
36-21.82 

36-14.50 
36- 7.2a 
36- 


.0125160 
.0124663 
.0124171 
.0123682 
.0123197 
.0122715 
.0122238 
.0121764 
.0121294 
.0120827 
20364 
.0119905 
.0119449 
.0118997 
.0118548 
.0118102 
.0117660 
.0117221 
.0116786 
.0116353 
.0115923 
.0115497 
.0115074 
.0114654 
.0114237 
.0113823 
.0113412 
.0113004 
.0112599 
.0112197 
.0111798 
.0111401 
.0111008 
.0110617 
.0110229 
.0109844 
.0109461 
.0109081 
.0108704 
40108329 
.0107957 
.0107587 
.0107220 
.0106855 
.0106493 
.0106133 
.0105776 
.0105421 
.0105068 
401947*8 
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Table 17.—Sides, Angles, and Sines— Contintced 
Multiply Diameter by Sine to Get Length of Side 
(Angle given is half of angle subtended at center) 


No. 

Sides 

Angle 

Min. Sec. 

, Sine 

No. 

Sides 

Angle 

Min. Sec. 

Sine 

301 

35-52-82 

.0104370 

351 

30-460I5 

.0089502 

302 

35-45.69 

.0104024 

352 

30-40.91 

.0089248 

303 

35-38.61 

.0103681 

353 

30-35-69 

.0088996 

304 

35-31-58 

.0103340 

354 

30-30.51 

x>o 88744 

305 

35-24.59 

.0103001 

355 

30 - 25 - 3 S 

.0088494 

306 

35-17-65 

.0102665 

356 

30—20.22 

.0088245 

307 

35 - 10-75 

.0102330 

357 

30-15.12 

.0087998 

308 

35- 3-90 

.0101998 

358 

30-10.05 

•«o 87753 

309 

34-57-09 

.0101668 

359 

30- 5.01 

.0087508 

310 

34-50-32 

.0101340 

360 

30- 

.0087265 

31I 

34-43.60 

.0101014 

361 

29-53.01 

.0087023 

312 

34-36.92 

.0100690 

362 

29-50.05 

.0086783 

313 

34-30,29 

.0100368 

363 

29-45.12 

.0086544 

314 

34-23.69 

.0100049 

364 

29-40.22 

.0086306 

3IS 

34-17.14 

.0099731 

365 

29-35*34 

.0086070 

316 

34-10.63 

.0099415 

366 

29-30.49 

•0085835 

317 

34 - 4.16 

.0099102 

367 

29-25.67 

.0085601 

3 i» 

33 - 57-74 

.0098791 

368 

29-20.87 

.0085368 

319 

33-51-35 

.0098482 

369 

29-16.10 

.0085137 

320 

33-45 

.0098174 

370 

29-11-35 

.0084907 

321 

^3-38,69 

.0097868 

371 

29- 6.63 

.0084678 

322 

33-32.42 

.0097564 

372 

29- 1.94 

.0084451 

33^3 

33-26.19 

.0097261 

373 

28-57.27 

,0084224 

324 

33-20 

.0096961 

374 

28-52,62 

.0083999 

325 

33-13.85 

.0096663 

375 

28—48 

•0083775 

326 

33 - 7-73 

,0096367 

376 

28-43.40 

.0083552 

327 

33- 1.65 

.0096072 

377 

28-38.83 

•0083331 

328 

32-55-61 

.0095779 

378 

28-34.28 

.0083110 

329 

32-49.60 

.0095488 

379 

28-29.76 : 

.0082891 

330 

32-43.64 

.0095198 

380 

28—25.26 

.0082673 

331 

32-37.70 

.0094911 

381 

28-20.78 

.0082456 

332 

32-31.81 

.0094625 

382 

28-16.33 

.0082240 

333 

32-25.95 

.0094341 

383 

28-11,91 

.0082025 

334 

32-20.12 

.0094059 

384 

28- 7.50 

.0081812 

335 

32-14.33 

.0093778 

385 

28- 3.12 

.0081599 

336 

32- 8.57 

.0093499 

386 

27-58.76 

.0081387 

337 

32- 2.85 

.0093221 

387 

27-5442 

.0081177 

338 

31-57.16 

.0092945 

388 

27-50.10 

.0080968 

339 

31-51*50 

.0092671 

389 

27-45,81 

.0080760 

340 

31-45.88 

^2398 

390 

27-41.54 

.0080553 

341 

31-40.29 

.0092127 

391 

27-37.29 

.0080347 

342 

31-34.74 

.0091858 

392 

27-33.06 

.0080142 

343 

31—29.21 

.0091590 

393 

27-28.85 

.0079938 

344 

31-23.72 

•0091324 

394 

27-24.67 

•0079735 

345 

31-18.26 

.0091059 

395 

27-20.51 

.0079533 

346 

31-12.83 

.0090796 

396 

27-16.36 

.0079332 


31- 7*44 

.0090534 

397 

27-12.24 

.007913* 

348 

31- 2.07 

.0090274 

398 

27- 8.14 

.0078934 

349 

30-56.73 

.0090016 

399 

27- 4.06 

.0078736 

aio 

30-5^x43 

x>o^7 S8 i 

II400 

27- 

-0078334 
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Table 17.—Sides, Angles, and Sines— Continued 
Multiply Diameter by Sine to Get Length of Side 
(Angle given is half of angle subtended at center) 



Angle 

Min. Sec. 

Sine 

No. 

Sides 

Angle 

Min. Sec. 

Sine 

401 

26-55.96 

.0078343 

451 

23-56.81 

.0069658 

402 

26-51.94 

^>078148 

452 

23-53-63 

.0069504 

403 

26-47.94 

•0077954 

453 

23-5046 

.0069351 

404 

26-43.96 

.0077761 

454 

23-47-31 

.0069198 

405 

26-40 

.0077569 

455 

23-44.17 

.0069046 

406 

26-36.06 

.0077378 

456 

23-41.05 

.0068894 

407 

26-32.14 

.0077188 

457 

23-37-94 

.0068744 

408 

26-28.23 

.0076999 

45** 

23-34-84 

.0068594 

409 

26-24.35 

.0076811 

459 

23-31.76 

.0068444 

410 

26-20.49 

.0076623 

460 

23-28.69 

.0068295 

4II 

26-16.64 

.0076437 

461 

23-25-64 

.0068147 

412 

26-12.82 

.0076251 

462 

23-22.60 

.0067999 

413 

26- 9.01 

.0076067 

463 

23-19-57 

.0067852 

414 

26- 5.22 

.0075883 

464 

23-16-55 

.0067706 

415 

26- 1.45 

.0075700 

465 

23-13-55 

.0067561 

416 

25-57-70 

.0075518 

466 

23-10.56 

.0067416 

417 

25-53-96 

•°075337 

467 

23- 7-58 

.0067272 

418 

25-50.24 

.0075157 

468 

23- 4.61 

.0067128 

419 

25-46.54 

.0074977 

469 

23- 1.66 

/>o66985 

420 

25-42.86 

.0074799 

470 

22-58.72 

.0066842 

421 

25-39-19 

.0074621 

471 

22-55.79 

,0066700 

422 

25-35*54 

.0074444 

472 

22-52.88 

.0066559 

423 

25-31-91 

.0074268 

473 

22-49.98 

.0066418 

424 

25-28.30 

.0074093 

474 

22-47.09 

.0066278 

425 

25-24.70 

,0073919 

475 

22-44.21 

.0066138 

426 

25-21.12 

.0073745 

476 

22-41.34 

.0065999 

427 

25-17.56 

.0073573 

477 

22-3849 

.0065861 

428 

25-14.02 

.0073401 

478 

22-35.65 

.0065723 

429 

25-10.49 

.0073230 

479 

22-32.82 

.0065585 

430 

25- 6.98 

.0073059 

480 

22-30 

.0065449 

431 i 

25- 3.48 

.0072890 

481 

22-27.20 

.0065313 

432 

25- 

.0072721 

482 

22-24 40 

.0065178 

433 

24-56.54 

•0072553 

483 

22-21.61 

.0065043 

434 

24-53.09 

.0072386 

484 

22-18.84 

.0064909 

435 

24-49.66 

.0072220 

485 

22-16.08 

.0064775 

436 

24-46.24 

.0072054 

486 

22-13.33 

.0064641 

437 

24-42.84 

.0071889 

487 

22-10.59 

.0064509 

438 

24-3945 

.0071725 

488 

22- 7.87 

.0064377 

439 

24-36.08 

.0071562 

489 

22- 5.16 

.0064245 

440 

24-32.73 

.0071399 

490 

22- 245 

.0064114 

441 

24-29.39 

.0071237 

491 

21-59.75 

.0063983 

442 

24-26.06 

.0071076 

492 

21-57.07 

.0063853 

443 

24-22.75 

.0070916 

493 

21-5440 

, .0063723 

444 

24-1946 

.0070756 

494 

21-51.74 

.0063594 

445 

24-16.18 

.0070597 

495 

21-49.09 

.0063466 

446 

24-12.91 

.0070439 

496 

21-46.45 

.0063338 

447 

24- 9.66 

.0070281 

497 

21-43.82 

.006321 z 

448 

*4- 643 

,0070124 

498 

21-41.20 

.0063084 

449 

a4- 3JI 

.0069968 

499 

2I*'38.59 

,0062957 


IKaHHIi 

.00698X3 

Soo 

21-36 

4)062831 
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If the radius is 2 inches, 


LENGTHS OF CIRCULAR ARCS 

The table gives the lengths of circular 
arcs to the radius of one, for angles from i 
to 180 degrees. The lengths for minutes 
of arcs are given at the right. 

To find the length of a circular arc with 
radius of i inch and angle of 45 degrees 20 
minutes. Opposite 45 degrees find 0.7854, 
and opposite 20 minutes 0.0058. Adding 
these gives 0.7912 inch as the length of arc. 
multiply the lengths in the table by 2. 


Table 18.—^Lengths of Circular Arcs to Radius of i 


De¬ 

gree 

Length 

De¬ 

gree 

Length 

De¬ 

gree 

Length 

De¬ 

gree 

Length 

Min. 

Length 

Min. 

Length 

0 

0.0000 

45 

0.7854 

90 

Z.S708 

13s 

2.3562 

0 

0.0000 

45 

0.0131 

z 

0.017s 

46 

0.8029 

91 

X.5882 

136 

2.3736 

I 

0.0003 

46 

0.0134 

2 

0.0349 


0.8203 

92 

X.6057 

1.37 

2.3911 

2 

0.0006 

47 

0.0137 

3 

0.0524 

48 

0.8378 

93 

1.6232 

138 

2.4086 

3 

0.0009 

48 

0.0140 

4 

0.0698 

49 

0.8552 

94 

X.6406 

139 

2.4260 

4 

0.0012 

49 

0.0143 

5 

0.0873 

SO 

0.S728 


1.6581 

140 

2.4435 

5 

o.oors 

SO 

0.014s 

6 

o.ro47 

51 

0.8901 

96 

1.675s 

141 

2.4609 

6 

0.0017 

51 

0.0x48 

7 

0.1222 

52 

0.9076 


1.6930 

142 

2.4784 

7 

0.0020 

52 

0.0151 

8 

0.1396 

S 3 

0.9250 

98 

Z.7104 

143 

3.4958 

8 

0.0023 

53 

O.OIS4 

9 

O.IS 7 I 

54 

0.9425 

99 

1.7279 

144 

2.5133 

9 

0.0026 

54 

O.OIS 7 

xo 

0.1 745 

55 

0.9599 

zoo 

1-7453 

14s 

2.5307 

XO 

0,0029 

55 

0.0160 

IJ 

0.1920 

56 

0.9774 

ZOI 

1.7628 

146 

2.5482 

II 

0.0032 

56 

0.0163 

12 

0.2094 

n 

0.9948 

X02 

X.7802 

147 

3.5656 

12 

0.0035 

57 

0.0166 

13 

0.2269 

58 

1.0123 

103 

1.7977 

148 

2.5831 

13 

0.0038 

58 

0.0x69 

14 

0.2443 

59 

1.0297 

ZO4 

I.81SI 

149 

2.6005 

14 

0.0041 

1^ 

0.017 a 

15 

0.26x8 

60 

1.0472 

105 

X.8326 

150 

2.6180 

15 

0.0044 

60 

0.0175 

16 

0.2793 

61 

1.0647 

Z06 

1.8500 

151 

2.6354 

16 

0.0047 



17 

0.2967 

62 

1.0821 

Z07 

1.8675 

152 

2.6529 

17 

0.0050 



i 3 

0.3142 

63 

1.0996 

Z08 

1.8850 

153 

2.6704 

18 

0.0052 



19 

0.3316 

64 

1.1170 

Z09 

1.9024 

IS 4 

2.6878 

19 

0.0055 



20 

0.3491 

6S 

I.I 34 S 

no 

1.9199 

155 

2.7052 

20 

0.0058 



21 

0.366s 

66 

1.1519 

XZX 

1-9373 

156 

2.7227 

21 

o.oo6i 



22 

0.3840 

67 

Z.1694 

XI2 

1.9548 

^57 

2.7402 

22 

0.0064 



23 

0.4014 

63 

X.1868 

113 

Z.9723 

158 

2.7576 

23 

0.0067 



24 

0.4189 

69 

1.2043 

XI4 

1.9897 

IS 9 

2.7751 

24 

0.0070 




0-4363 

70 

1.2217 

IIS 

3.0071 

160 

3.7925 

25 

0.0073 



36 

0.4538 

71 

1.2392 

X16 

3.0246 

161 

a.8ioo 

26 

0.0076 





72 

1.2566 

117 

2.0420 

162 

2.8274 

27 

0.0079 



28 

0.4887 

73 

1.2741 

X18 

2.0595 

163 

3.8449 

28 

0.0081 



29 

0.5061 

74 

1-2915 

119 

3.0769 

164 

2.8623 

29 

0.0084 



30 

0.5236 

75 

1.3090 

Z 20 

3.0944 

i6s 

2.8798 

30 

0.0087 



3 X 

0.5411 

76 

1-3265 

X 2 Z 

3 . 11 X 8 

i66 

2.8972 

31 

0.0090 



32 

0.5585 

77 

1-3439 

X 23 

2.1293 

167 

2.9147 

32 

0.0093 



33 

0.5760 

78 


123 

3.1468 

168 

3.9322 

33 

0.0096 



34 

0.5934 

79 


*24 

3.1043 

169 

3.9496 

34 

0.0099 



35 

0.6109 

80 

1-3963 

X 25 

3.1817 

170 1 

3.9671 

35 

0.0102 

1 


36 

0.6283 

81 

1-4137 

126 

3.1991 

171 

2.9845 

36 

o.oios 




0.6A58 

82 

1.4313 

Z 27 

3 . 3 X 66 

172 

3.0020 

37 

0.0108 



3 fi 

0.663a 

83 

z.4a86 

X28 

3.2340 

173 

3.0194 

38 

O.OXIX 



39 

0.6807 

84 

1.4661 

X29 

3.3515 1 

174 

3-0369 

39 

0.0113 



40 

0.6981 

Si 

1.483s 

Z30 

3.2690 

175 

3-0543 

40 

0.0II6 



4 X 

0.7x56 

86 

ll 

Z.5010 

131 

3.3864 

176 

3.0718 

41 

0.01 ZQ 



42 

0.7336 

1.5184 

13a 

a.3038 1 

177 

3.0893 

42 

0.0122 



43 

0.7503 

88 

1-5359 

133 

3.3212 

178 

3.1067 

43 

0.0X25 



44 

0.7679 

89 

1-5533 

134 

2.3387 

179 

3.1341 

44 

0.0128 









CHORDAL DIMENSIONS 

Table 19.—Chordal Dimensions 
Used in Multiple Spindle Heads 
These dimensions were prepared by 
the makers of the Krueger multiple- 
spindle drilling heads to assist in 
laying out center distances of spindles. 



r‘-Chorol C 


Chorof B 
Chord A 


No. of 
Divisions 

Chords, in inches 

A 

B 

c 

I 

0.00000 

0.00000 

0.00000 

2 

I.00000 

I.00000 

I.00000 

3 

0.86603 

0.86603 

0.86603 

4 

I.00000 

0.70710 

0.70710 

5 

0.95106 

0.58778 

0.58778 

6 

I.00000 

0.86603 

0.50000 

7 

0.97493 

0.78183 

0.43388 

8 

I.00000 

0.92388 

0.38268 

9 

0.98481 

0.86603 

0.34202 

10 

I.00000 

' 0.95105 

0.30901 

II 

0.98982 

0.90963 

0.28173 

12 

I.00000 

0.96592 

0.25881 

13 

0.99271 

0.93501 

0.23931 

14 

I.00000 

0.97492 

0.22251 

15 

0.99452 

0 95105 

0.20791 

16 

I.00000 

0.98078 

0.19509 

17 

0.99573 

0.96182 

0.18374 

18 

I,00000 

0.98480 

0.17364 

19 

0.99658 

0.96940 

0.16459 

20 

I.00000 

0.98768 

0 15643 

21 

0.99720 

0.97492 

0.14904 

22 

I.00000 

0.99010 

0.14231 

23 

0.99766 

0.97908 

0.13616 

24 

I.00000 

0.99144 

0.13052 

2 S 

0.99803 

0.98228 

0.12533 

26 

I.00000 

0.99270 

0.12053 

27 

0.99831 

0.98480 

0.I1609 

28 

I.00000 

0.99371 

0.11196 

29 

0.99853 

0.98682 

0.10811 

30 

I.00000 

0.99452 

0.10452 

31 

0.99871 

0.98847 

0. 10116 

32 

I.00000 

0.99518 

0.09801 

33 

0.99886 

0.98982 

0.09505 

34 ' 

I.00000 

0.99573 

0.09226 

35 

0.99899 

0.99095 

0.08963 

36 

I.00000 

0.99619 

0.0871s 

37 

0.99910 

0.99192 

0.08480 

38 

I.00000 

0.99658 

0.08257 

39 

0.99918 

0 99269 

0.08046 

40 

I.00000 

0.99691 

0.0784s 

41 

0.99926 

0.99338 

0.07654 

42 

I.00000 

0.99720 

0.07473 

43 

0.99933 

0.9935s 

0.07299 

44 

I.00000 

0.99745 

0.07133 

45 

0 .99939 

0.99452 

0.0697s 

46 

I.00000 

0.99766 

0.06824 

47 

0 .99944 

0 .99497 

0.06679 

48 

I.00000 

0.9978s 

0.06540 

49 

0.99948 

0.99539 

0.06406 

SO 

I.00000 

0.99802 

0.06279 


This table gives chordal dimensions for a diameter of i inch. For any 
other diameter, multiply the chord given in the table by the given diameter. 
In the diagram, A represents longest chord; B, second longest chord; and C, 
shortest chord. If 7 ? -« number of divisions, then A = cos 90 -f- iV for odd 
numbers, and i for even numbers; B cos 270 + N for odd numbers and 
cos 180 + N for even numbers; C "• sin 180 ■¥ N, 

Example. —A drill jig is to have 9 holes equally spaced on a lo-inch circle. 
A "• 0.98481 X 10 ■■ 9.8481 inches: B " 0.86603 X 10 8.6603 inches; 

ai^d C 0.34202 X 10 - 3.4302 inches. 
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* Paul Glaesmer. 
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AMERICAN DRAWING-ROOM PRACTICE 

Third-angle projection is standard in American practice, the usual 
arrangement of views being as in Fig. 2. Conventional line 



Bottom view oPpunch 
Fig. 2.—Third-Angle Projection 


Outline 
of parts 

Section 

lines 


The outline should be the 
outstanding feature and 
the thickness may vary to 
suit size of drawing 
Spaced evenly to make a 
shaded effect 


Hidden _ 

lines 


Short dashes 


Center LIGHT Broken line made up of 

line^i-O'ricl short dashes 

alte^rnately spaced 

H Lines unbroken, except 
at dimensions 


Dimension light 

^extension f<- 5 ^ ' 


Cutting 
plane line 


Break 

lines 

Adjacent 
parts and 
alternate 
positions 

Ditto line 


HEAVY 


HEAVY 


LIGHT 


Broken line made up of 
one long and two short 
dashes, alternately spaced 

Free hand line for short breaks 

Ruled line and free hand 
zig-zag for long breaks 


MEDIUM 


MEDIUM 


Broken line made up of 
long dashes 

Indication of repeated detail 


Fig. 3.— Lines Used on Drawings 


symbols are shown in Fig. 3, whereas ends of broken pieces are seen 
in Fig. 4. Alternate positions of a moving part and connections to 
old work are as in Fig. 5. Figure 6 shows standard section linings. 
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Wood 

Fig. 4. —How Broken Pieces Are Shown 



Fig. $a .—Indicating 
Two Positions 


i r-T i i»*T-Tr Ne\/^^irder 

iilifnf 


Fig. 5&. —Showing Old and 
New Parts 



Sound or heat insul o- 

■ tion.Cork,bair^elt, 'I Marble, slate, 

wool, asbestos mog '////// glass, porcelain, 
-nesig, packing,etcl t \ 'A etc. 



Flexible material. 
Fabric, felt, 
rubber etc. 



Earth 


Bronze, brass F**'® brick ond 

copper and ''/''y/ refractory 
compositions. material. 



■ White metal, Electric windings, ! Sand 

zinc, lead, babbit ::: i: i i i;:;;: | electro rnagnets, 
and alloys resistance,etc. 



Aluminum and 
aluminum alloys 



Concrete 



Electric insulation 
Vulcanite, fiber; 
mica,bak€lite,etc. 
Show solid for 



narrow sections 


Brick or stone 
masonry 


Water and 
other liquids 

Across grain! 
With grain 



Fig. 6 . —Standard Section Lining 
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Dimension lines, extension lines, and leaders are given in Fig. 7. 
General rules are: 

Dimensions of parts that can be measured or that can be produced 
with sufficient accuracy by using an ordinary scale should be written 
in units and common fractions. Parts requiring greater accuracy 
should be dimensioned in decimal fractions. 

Wire, tubing walls, sheet metal, standard structural sections, 
etc., should be described by commercial designation followed by 
dimension in decimals. 

Dimensions up to and including 72 inches should preferably be 
expressed in inches; and those greater than this length, in feet and 
inches. 


T" 

J ; 

1 

1 

n 

n 

It t i 

u 


^ r 

■ - Extension tine h 1 ^ 

. 

1 . 

13 



H-4--. 

A * 


_—^- - 

^Dimension fine 


Fig. 7. —Dimension Lines on Drawings 


Where dimensions call for accurate machining with small toler¬ 
ances, it is recommended that the total dimension be given in inches 
and decimal fractions. 

In structural drawing all dimensions of 12 inches and over should 
be expressed in feet and inches. 

In automotive, locomotive, sheet metal, and some other practices 
all dimensions are specified in inches. 

Tolerances are shown in two ways such as 8.625-^ 

8.627. 


Dimensioning Tapers 


Tapers are usually given in the difference in diameter per foot of 
length, measured on the axis, not on the slope of the taper. Three 
methods of measurement are used. 

Standard Tapers.—Give one diameter or width, the length, and 
insert note on drawing designating the taper by number taken 
from American Standards Association Btdletin B-5. 

Special Tapers.—In dimensioning a taper when the slope is 
specified, the length and only one diameter should be given, or the 
diameters at both ends of the taper should be given, and length 
omitted. 

Precision Work.—In certain cases where very precise measure¬ 
ments are necessary, the taper surface, either external^r internal, is 
specified by giving a diameter at a certain distance from a surface 
and the slope of the taper. 
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Standard screw-thread representations are as shown in Figs. 
8 and 9. 





a Tapped through 



b Tap drill shown 



c Tap drill not shown 
Fig. 9. —Thread Symbols—Sim¬ 
plified 


STANDARD LATHE SPINDLE NOSES 

There are four types of the American standard lathe spindle nose, 
adopted in 1936. See Tables 21 to 24. Type Ai has two rows of 
tapped holes and a driving button. Type A 2 has only the outer 
circle tapped holes. Type Bi has clearance holes outside, inner 
for bolts or studs, and drive button. Type B2 has only the outer 
clearance holes. Type Ci is the same as Ai except that provi¬ 
sion is made for a clamping ring. Type C2 is the same as A2 with 
the clamping ring added. Type C3 has a clamping ring but no 
holes in the flange. Type Di has six equally spaced clearance 
holes and a series of cams for locking faceplate or chuck. Tables 
showing the important dimensions follow. 

Standard spindles for A, B and C lathes are shown in Fig. lo, and 
the bolt layout for three sizes is given in Fig. ii. 

Faceplates and chucks are located on the spindle by a short 
taper of 3 in. per foot and are held by bolts, capscrews or cams. 
Type Ai nose is recommended for turret lathes, although Di is 









STANDARD LATHE SPINDLES 


30 ^ 

4 " \ To/i 

>) VJ^ / . un! 

'T 

‘ —*■ car, 

Enbraeol View 
of undercut 
>1hWW 


^// dimensions in inches. 
To/erances of tgj^'are permissab/e 
unless other\mse specified when 
dimensions are ex-pressed in 
common fractions 


MM ,GG XX 


Section of Spindle 
Showing Projection 
of Driving Button 


Button Screw 




* pag e Table 24 
3 "taper Per fjV 



Type A Spindles 

Type A 1 is exactly as 
shown with tapped 
holes in both Inner 
and outer bolt circles. 

Type A 2 IS same as 
snown except omit 
holes inner bolt circle. 


Type B Spindles 

Type B1 is exactly as 
^own with clearance 
holes in outer bolt circle 
and tapped holes in 
inner bolt circle. 

Type B 2 IS same as 
shown except omit 
tapped holes in inner 
bolt circle 


Fig. io.— Standard Spindles for A, B, 


Type C Spindles 

Type Cl is exactly as 
•snown with clamp ring 
fit and tapped holes in 
both inner and outer 
bolt circles. 

Type C 2 is same as 
snown except omit 
tapped holes in inner 
bon circle. 

Type C 3 is same as 
shown except omit 
tapped holes in both 
inner and outer bolt 
circles. 

, and C Lathes 






5St5S 
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llholes-fapi-l4NC-3 l9holes-tap^-IO-NC~3 



15 Inch nose 

Fig. II. —Bolt Layout for Three Sizes of Lathe Spindles 





STANDARD LATHE SPINDLES 863 

optional. For high speeds, Type A2 with 4 inches diameter is 
recommended. The sizes of noses for turret lathes are: 

Up to IJ inches spindle bore. 5-inch nose 

Over IJ up to 2^ inches spindle bore or up to if 

inches bar capacity. 6-inch nose 

Over 2A up to 3J inches spindle bore. 8-inch nose 

Over 3I up to 5I inches spindle bore. ii-inch nose 

Over 5I up to 8| inches spindle bore. 15-inch nose 

Over sf up to 13 inches spindle bore. 20-inch nose 

Type Ai nose is recommended for single-spindle automatics as 
follows: 

Machines taking 6-inch chucks. 5-inch nose 

Machines taking 8-inch chucks. 6-inch nose 

Machines taking 10- and 12-inch chucks. 8-inch nose 

Machines taking 15- and 18-inch chucks. ii-inch nose 

For multiple-spindle automatics and engine lathes or for work 


spindles of grinding and bobbing machines, Type Ai or A 2 of the 
following sizes is suggested. The type and size depend on the 
service. 


Machines taking 4i-inch chucks. 4-inch nose 

Machines taking 6-inch chucks. 5-inch nose 

Machines taking 8-inch chucks. 6-inch nose 

Machines taking 10- and 12-inch chucks. 8-inch nose 

Machines taking 15- and 18-inch chucks. ii-inch nose 


Dimensions of spindles are shown for 4,11, and 15 inches. These 
show the spacing and arrangement for all sizes. The number of 
holes in each is given at the foot of Table 22. Details of the 6-hole 
spindle with cam lock are given in Table 21. The clamp-ring 
method and dimensions are seen in Table 23. Faceplate and 
chuck-body dimensions are shown in Table 24. 
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pS 5 

Enlarged 

View of JL.A 
Undercut _ 

Siamp letters 
I'highormor^ _ __|__r 

and offrffcfiori 
linesdeep 


S26 from face of spindle 
/ to face of master gage 


^ Details of Spindle Nose '^17 

Cotm surface must he smooth ^^ 

«..C !-/->, Cf'^lps 

“ / I - 7 ^■C 15 

Tl hA-<i.tr*7 ' 0/)oh1 > 


C9H* 

60° ,/t^cr(SR‘'c23"''l \yp'I'' J ^View of 

C19s\ Pi \ -C4 >1 Section A-A 

Cl8 Mark-Heavy line 90 ° 

r o>f from detent notch. 

€20“"',!^ Z| I'yp Radius s/ot C8 fo -6e 

r \square v/ith detent 
^ 30° l«-C12--J notch ±2° 

j.* D Z\A square hole to be square 

Section B-C-D with radius slot within ± 2 ° 

Locking Cam 

SWl Cam Screw 

SW 3 -,;j;-p^-SW 2 SP 3 , 

$W8-y-^ I ^ -p-SWA ru:;:^-SP2 

^Vv|gp^ 7 j-SW 6 I J s-^ 

Full thread within fof head Cam Spring 


F4SP2 

'«NWW s-^ 

Cam Spring 


Type AI is exactly as shown with tapped holes in both inner and outer 
bolt circles. 

Type A2 is same as shown, except omit holes in inner bolt circle. 

Type 23 1 is exactly as shown with clearance holes in outer bolt circle and 
ta^ed holes in inner bolt circle. 

Type B2 is same as shown, except omit tapped holes in inner bolt circle. 

Type Ci is exactly as shown with clamp-ring fit and tapped holes in both 
inner and outer bolt circles. 

Type C2 is same as shown, except omit tapped holes in inner bolt circle. 

Type C3 is same as shown, except omit tapped holes in both inner and 
outer bolt circles. 
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Length of pilot. 
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Minimum width of 
flange . 

Diameter of hole for 
cam. 

Depth of hole for cam 
Radius of cam screw. . 
Diameter of counter¬ 
bore. 

Depth of counterbore 

Thread. 

Counterbore. 

Angle. 

Diameter of hole. 

Chamfer. 

Chamfer. 

Chamfer. .!. 

Relief. 

Relief. 

Maximum hole. 

Gage clearance. 

Radius. 





















Table 21 —Continued 
Cams 
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Cam Screw 
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Spindle Sizes in Inches 
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Spindle Name 

Length of screw. 

Under head. 

Head. 

Length of pilot. 

Diameter of head. 

Thread. 

Diameter of pilot. 

Hex. 

Diameter of spring. 1 

Working length. 

Free length.. 

Load, in pounds. 


Tolerances of are permissible unless othei^ise specified when dimensions are expressed in common fractions. 















Table 22 .— Dimensions of Type A, Type J5, and Type C Spindle Noses 
American Standard Lathe-Spindle Noses for Turret Lathes and Automatic Lathes 

„ Spindle Sizes in Inches 

e Sym--^- 
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*TIse length of pilot S3, Table ii, in place of length of pilot D, Table 3, on spindles A2, C2, and C3. 

























Clamp ring 

Dimension of Clamp Rings for Type C Spindle 
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1 • Spindle Sizes in Inches 
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Spindle Name 

Clamp-ring bore. 

Width at depth B . 

Depth. 

To sharp comers. 

Width. 

Outside diameter. 

Angle. 

Chamfer. 

Chamfer. 

Radius. 

Chamfer. 

Chamfer. 

Location of screw. 

Diameter of counterbore. 

Drill. 

Thread. 

Full-depth thread. 

Depth of counterbore. 

Width saw cut. 

Thread. 

FuU-lergth thread. 

Diameter of head. 

Square head. 

Inspection holes. 

Angle. 

Tap drill. 


Tolerances of ± ^ are permissible unless otherwise si>ecified when dimensions are expressed in common fractions. 





























MENSIONS OF ChUCKS AND FACEPLATES FOR TyPE A, TyPE B, AND TYPE C . 
American Standard Lathe Spindle Noses for Turret Lathes and Automatic Lathes 
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Radius of outer bolt cir- j 
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Tolerances of ± ^ are permissible unless otherwise specified when dimensions are expressed in common fractions. 

* Use dimension FF in place of Z) -}- •S' for total depth of counterbore, to give contact between end of pilot on spindle and bot¬ 
tom of counterbore in chuck when necessary to limit the dishing chucks held by screws in inner bolt circle of spindles Type Ai, 
Bi, or Ci, 
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Fig. 12 .—Standard Milling-Machine Nose 


Essential Spindle-Nose Dimensions 
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No. 10 
(t Inch) 
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a Inch) 


No. 6o 
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lA 


Above dimensions approved as N.M.T.B.A. standard by the Committee 
on Milling Machine Spindle Nose Standardization of National Machine 
Tool Builders Aesociation, July ii. 1938. 

Above construction covered by U, S. Patent 1704361. For license to use 
any part of this construction apply to F. A. Parsons, patent attorney. 
Mariner lower, Milwaukee, Wis. 

Ihe patents on these designs have now been dedicated to the public and 
were adopted as an American standard in 1943. 
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Fig. 13a.—Standard Arbor for Milling Machines 
Essential Arbor Dimensions 



No. 10 
(i Inch) 

No. 20 
(i Inch) 

No. 30 
(li Inches) 

No. AO 
(li inenes) 

j 

No. so 
(2i Inches) 

No. 60 
(4t Inches) 

AT 

{ 

i 

Ii 


2| 

4 i 

0 



H 


1 

1 ^ 

P 

1 


h 

H 

14 

2 A 

Q 



J-13 

f-ii 

1-8 

ii -7 

n 



(0.67s 

(0.987 

(I .549 

(2.361 




10.673 

(0.98s 

(r.547 

( 2.359 

s 



tt 

I 

I 

If 

T 



I 

ij 

If 

2! 

U 



2 

2H 

34 

4 i 

V 




3 l 

Si 

8A 

w 





, i 

i 

X 



(0.640 

f 0 890 

1 1.390 

(2 400 




10.625 

(0.875 

\ 1.375 

(2.390 

Y 



(0 630 

i 0.630 

( 1.008 

(I.008 




(0.640 

i 

\ 0.640 

\ I.018 

11.018 




NC-3 NC-3 » 




l<c*4< a'*>^ 

Fig, 13&. —Draw-In Bolt 
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Above dimensions approved as N.M.T.B.A. standard by the Committee on 
Milling Machine Spindle Nose Standardization of National Machine Tool 
Builders Association, July ii, 1938. ^ 

Above construction covered bv U. S. Patent 1794361. For license to use 
any part of this construction, apply to P. A. Parsons, patent attorney, Mariner 
Tower, Milwaukee, Wia. 
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STANDARD MILLING-MACHINE SPINDLES AND ARBORS 

Miling-machine spindles and arbors were standardized by the 
leading builders of milling machines in 1927. These now comprise 
four sizes as shown in Figs. 12 and 13. These sizes were adopted 
July II, 1938. The two smaller sizes have not yet been standard- 
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Fig. 14.—Adapter for Milling-Machine Spindles 


ized. Five adapters for use with the standard spindle ends are 
shown in Fig. 14, where a registers over outside of spindle end is 
bolted to its face. It is used for arbors and tools having a threaded 
end for draw-in bolt. At 6 is a face mill held by four screws and 













STANDARD T-SLOTS FOR MACHINE TOOLS 
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Head Space Dimensions and Tolerances 
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Table 26.—Dimensions for T-Slot Cutters—Fig. 2 
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Table 27.—Dimensions for Standard T Bolts—Fig. 3 


Bolt Heads Dimensions and Tolerances 
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Table 28.—Dimensions and Tolerances for Standard T Nuts—Fig. 
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REVERSIBLE TONGUES 
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driven by the spindle tongues. A collet adapter, which is held 
in the spindle by a draw-in bolt, is shown at c. Adapters d, e, and/ 
are for Nos. 9, ii, and 12 Brown and Sharpe arbors. 

TOOLHOLDER SHANKS AND TOOL-POST OPENINGS 

Nomenclature for Tool Posts for Lathes, Turret Lathes, Boring 
Mills, Planers, and Shapers 

la. Single-Point Tool.—A single-point tool for turning, planing, and 
shaping consists of a shank and point. The point may be integral with the 
shank, tipped with hard metal, or consist of interchangeable bits of cutting 
material attached to the end of the shank, Fig. 15. 

ib. Toolholder.—A toolholder is a device for holding a cutting tool in a 
definite position with respect to the tool slide of a machine tool. Some 
holders are provided with a means for adju.sting the tool point with respect 
to the center line of the work, whereas others require the use of shims or 
parallels. 

2. Single-Screw Tool Post.—^The single-screw tool post, as used in most 
small lathes. Fig. 15, shapers. Fig. 16, and some light planers, consists of a 
screw, a round post, and a base. 

3. Tool-Post Screw.—The tool-post screw is fitted in the post. It allows 
for tool shanks of various sizes and furnishes the means for clamping. 
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Fig. 15. — Single-Point Tool and Tool Post 
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[ edge 

'Too! 
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base p/afe 


Flange' ''Clapper 

Fig. 16 . —Single-Screw Tool Post 


4. Lathe-Tool Post. —The lathe-tool post carries the screw at one end 
and an integral circular flange at the other. This flange is recessed in the 
bottom of a T block fitted into the T slot of the lathe tool rest. Fig. 15. 

5a. Lathe-Tool-Post Collar. —The lathe-tool-post collar is usually a 
circular ring fitted about the base of the post. It is sometimes a ring with 
diametrally spaced steps on the upper face, on which the tool rests. The 
steps furnish a means for vertical adjustment of the tool point. 

5b. Tool-Post Collar. —The tool-post collar also may consist of a ring 
orovided with a circular seat on the upper face into which is fitted a rocker 
base on which the tool rests. 






TOOL POSTS 
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5c. Rocker Base.—Thr rocker base. Fig. is, is that part which fits into 
the circular seat of the tool-post collar. It supports the tool and furnishes a 
means of adjusting the height of the tool point. 

6a. Shaper-Tool-Post Circular Flange.—The shaper-tool-post circular 
flange. Fig. i6, is recessed into the back face of the clapper and passes 
through the clapper and a serrated tool-base plate mounted on the face of the 
clapper, against which the tool base bears. 

6b. Screw Plate.—A screw plate is frequently provided for use between 
the screw and tool shank to distribute the pressure and to prevent damage to 
the shank, Fig. i6. 
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Fig. 17.—Open-Side Tool Post 
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Fig. 18.—Four-Way Tool Post 
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Fig. 19.—T-Bolt Stud Tool Post 


7a. Serrated Wedges.—Serrated wedges are sometimes used with square 
tool posts in screw machines or in open-side tool posts for vertical adjust¬ 
ment of the tools. 

7b. Adjustable Collar and Nut.—An adjustable collar* and nut fitted 
about the base of a round tool post is sometimes used in screw machines to 
provide the vertical adjustment of the tools. 

8. Open-Side Tool Post.—The open-side tool post for lathes. Fig. 17, 
carries one or more binding screws. It may be provided with either a rocker 
base or flat tool-base plate. 
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9. Four-Way Turret Tool Post.—The four-wav turret tool post used on 
manufacturing lathes, turret lathes, and vertical boring mills is an indexing, 
multiple, open-side tool post, Fig. 18. 

loa. Strap and Stud Type.—The strap and stud type of toolholder, 
Pig. 18, is generally fitted on large lathes, boring mills, shapers, slotters, and 
planers. 

lob. Studs.—The studs are fixed to a T block fitted into the T slot of the 
lathe tool rest or planer clapper, a distance apart indicated as B to accommo¬ 
date the size of tool shanks to be used. The large lathes are provided with 
two sets of studs. 
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Fig. 20.—Recessed Studs 


xoc. Strap.—The strap is that member fitted over the studs bearing on the 
top of the tool shank. The tool rest is supported by the surface of the 
compound tool rest or on parallels used to provide the vertical adjustment of 
the tool. 

rod. Studs in a Planer.—In a planer, the studs are attached (threaded or 
recessed) to the face of the clapper. Fig. 20, or in sliding T blocks. Fig. 19, 
and pass through the serrated tool-base plate against which the tool bears. 



Table 33. —Dimensions of Tool Shanks, Tool Post Openings, and Lathe Center Height 
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Table 34.—Dimensions of Bits and Shanks of Toolholders 
AND Tools 
(In Inches) 


Square 

Rectangular 

Cross- 

Section 

Length 

Material 

Cross- 

Section 

Length 

Material 

A 

h* li. 2 . 2 i 

H 

1 X i 

if.* 2h 

H 

I 

h* If.* 2 , 2i 

H 

i X A 

li* 

H 


2i 

S 

it X h 

3 . 4 . 5 , 6, 7 , 10 

H 

1 

5 

w 

i X 2 

ip 

H 


2i 

T W 

A X A 

3 

H 

A 

li* 

H 

AX h 

2j.* 3 

H 

A 

2 I 

II S 

AX 1 

l|,* 2* 

H 




A X i 

6 

H 




A X If 

2i* 

H 

1 

2j 

T W S 

i X i 

2h 

T 

i 

li,* 2,* 3 

H 

1 X h 

3. 4. 6 

H 




« X 1 

4. 5, 6 

H 




ft X i 

2i,* 2j,* 2i* 






3i,*4. 6, 14 

H 




f X i 

6 

H 




1 X If 

li* 

H 




1 X if 

2i* 

H 

A 


H S 

A X i 

4i* 

H 

h 

3h 

T W S 

i X H 

3i 

H 

h 

2 ,* 3.* 4 

H 

h X 3 

3i.*4i 

ll 


4 

S 

n X I 

7 

T W S 




h X I 

3i.*5i* 

11 




h X I| 

3 i* 

H 




h X li 

7 

H 




h X li 

4 i* 

H 




i X 2 

3i* 

H 

f 

4 

T W S 

1 X i 

5, 6, 7 

H 

f 

2L*3.*4f 

H 

I X I 


S 

i 

Ah 

S 

ft X li 

8 

T W S 




f X If 


II 




1 Xii 

6i* 

H 




f X ih 

6i* 

H 

1 

4. 4 f. 5 

i S 

f X I 

6 

H S 

1 

Ah 

w 

1 X i| 

7 i 

H 

1 

2l* 3h,* 5 

H 

it X if 

9 

HT WS 




i X li 

6i* 

H 




i X If 


H 

1 

2i 

W 

1 X If 

7 

H 

1 

5 

T 

it X i| 

9 

S 

1 

5, 6, 7i 

S 




1 

Si. 6i 

H 




I 

3.* 4.* 5.* 6, 7i 

H 

I X li 

7 

W S 

I 

6 , 7 . 7 i 

S 

I X li 

9 

T 

I 

7 

T W 

I X If 

10 

T W S 

li 

8 

H 

I X 4 

6i* 

H 

li 

7, 8* 

T WSH 

It X 2 

12 

T W S 

A 

10 

T 




2 

12 

T 





H indicates high-speed steel; S, stellite; W, tipped tungsten carbide; and 
T, tantalum carbide. 

* fecial high-speed steel bits for turret lathes. 

t I^ese sizes are given in Table 33- 

This table includes practically all sizes now marketed. Simplification is 
desirable, but the results of several recent surveys indicate such a ^reat 
diversity of sizes that to arrive at fewer standard sizes will require consider¬ 
able time. 
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Cam Clamp for Jigs 

When properly designed, cams make rapid and effective clamping. 
The diagram gives the layout; and the table, the dimensions. The 
second column gives the maximum travel, and the third column, the 
effective clamping range, which should never be exceeded. In 
cases of excessive vibration, the TJ dimension should be decreased 
inch. The pressure exerted by i pound on a i-inch lever is 
given in column 4, which shows that i pound gives 8.4 pounds 
pressure on a i-inch lever. 

Table 35.— Proportions op Cam Clamps 
Clamping devices for jigs and fixtures can be operated by these 
cams without danger of unlocking. In the table are given the 
necessary data for cams of different sizes. 



No. 

Lift 

180 

Degrees 

Clamp 

90 

Degrees 

Ratio 

I Inch 
Lever 

A 

B 

C 

D 

E 

F 


J 

Width 

I 

H 

A 

8.4 


i ‘ 

A 

IA 


ti 


i 

t 

2 

li 

A 

7.2 

1 

A 

A 

lA 

2 H 

i 

A 

A 

f 

3 

I A 

i 

6. 2 

1 

A 

A 

iH 

2 A 



i 1 

i 

4 

li 

A 

5-6 

I 

A 

A 

2 A 

2 li 

I 

aI 

A 

I 

5 

iH 

li 

4-5 


A, 

A 

2I 

3 li 

I A 

! i 

1 

ij 

6 

2 

I 

4.2 

li 

Aj 

A 

21 

3 H 

lA 

A 

A 


7 

2 i 


3.3 

li 

i 

i 


4 ii 

I A 

ia 

J 

4 
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AMERICAN STANDARD SHAFTING AND STOCK KEYS 

Dimensions and tolerances for plain parallel stock keys, both 
square and flat, are given in Table 36 and are applicable to shafts 
up to 6 inches in diameter. These keys shall be cut from cold- 
flnished stock and used without further machining, the dimensions 
and tolerances given in the table having been fixed with this con¬ 
sideration in mind. These standards were adopted in 1934. 

Besides the key dimensions, Table 36 gives tne distance from the 
bottom of the keyseat to the opposite side of the shaft, in order to 
facilitate gaging for the correct depth of keyseat when machining. 
This dimension is calculated on the basis of the keyseat’s being cut 
to a depth equal to one-half the height of the key H, and it should 
be noted that this depth is measured at the side of the keyseat, not 
in the central plane of the key corresponding to the shaft diameter. 

In Table 36, the stock keys are applicable to the general run of 
work, and the tolerances have been set accordingly. It is under¬ 
stood that these keys are to be cut from cold-finished stock and are 
to be used without machining. They are not intended to cover the 
finer applications where a closer fit may be required. 

The tolerances in column 4 (Tolerance on W and H) are negative 
and represent the maximum allowable variation below the exact 
nominal size. For example, the standard stock square key for a 
2-inch shaft has a maximum size of 0.500 X 0.500 inch and a minimum 
size of 0.4975 X 0.4975 inch. 


AIRCRAFT “TOOL MASTER” 

Members of the Aircraft War Production Council of the West 
Coast, which includes Boeing, Consolidated-Vultee, Douglas, 
Lockheed, Vega, Northrop, North American, and Ryan, use the 
following terms for tool masters of different types: 

A tool-master plate is a two-dimensional authority for contours 
and locations. 

A tool-master mock-up is a three-dimensional authority for con¬ 
toured surfaces. 

A tool-master structure is a three-dimensional authority for 
locations, or locations and contours. 
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Table 36.—Dimensions of Square and Flat Plain Parallel 
Stock Keys— Continued 

(In Inches)_ 










Bottom of Key- 








Tolerance 

seat to Opposite 
Side of Shaft 


Square Key 
W XH 

Flat Key 

W X II 

on 




Diameter 

W and H 











(—) 

Square 

Key 

Flat 








Key 










.S’ 

T 

3I 


X 

J 

i 

X 

5 

‘8 

0.0030 

2 

880 

3005 


■f 

X 

7 

8 

7 

8 

X 

5 

8 

0.0030 

2 

944 

3.069 

3 i 

i 

X 

7 

8 

7 

8 

X 

5 

8 

0.0030 

3 

007 

3132 

3 f 

7 

8 

X 

7 

8 

7 

8 

X 

5 

8 

0.0030 

3 

140 

3-259 

3 f 

7 

■« 

X 

7 

I 

7 

8 

X 

5 

8 

0.0030 

3 

261 

3 386 

3I 

I 

X 

I 

I 

X 

?. 

4 

0.0030 

3 

309 

3-434 


I 

X 

I 

I 

X 

3 

4 

0.0030 

3 

373 

3-498 

4 

I 

X 

I 

I 

X 

3 

4 

0.0030 

3 

437 

3-562 

4 i 

I 

X 

I 

I 

X 

3 

4 

0.0030 

3 

690 

3 - 8 iS 

4 tV 

I 

X 

I 

I 

X 

? 

4 

0.0030 

3 

881 

4.006 

4 j 

I 

X 

I 

I 

X 

4 

0.0030 

3 

944 

4.069 

a \ 

li 

X 

li 

ri 

X 

7 

8 

0.0030 

4 

042 

4.229 

4 M 

li 

X 

li 

li 

X 

7 

8 

0.0030 

4 

232 

4.420 

5 

li 

X 

li 

, 1 
i 4 

X 

i 

0.0030 

4 

296 

4-483 

si 

li 

X 

•i 

li 

X 

¥ 

0.0030 

4 

SSO 

4-733 

sA 

il 

X 

li 

li 

X 

7 

8' 

0.0030 

4 

740 

4.927 

si 

T I 

1 4 

X 

li 

ii 

X 

7 

8 

0.0030 

4 

803 

4.991 

sf 

li 

X 

I5 

li 

X 

I 

0.0030 

1 4 

900 

S -150 

sH 

li 

X 

li 

li 

X 

I 

0.0030 

5 

091 

5 - 34 i 

6 

li 

X 

> 1 

li 

X 

I 

0.0030 

S 

IS 5 

i S -405 

1_ 


Table 37.—Dimensions of Large Plain Parallel Stock Keys* 


WXH 

Tolerance*-! on 
W and H (—) 

W X II 

Tolerance* ! on 
W and II (—) 

lix li 

0.0040 

si X 2i 

0.0050 

2 X li 

0.0040 

4 X 3 

0.0050 

2iX li 

0.0040 

S X 3 i 

0.0050 

3X2 

0.0040 

6X4 

0.0050 


* Stock keys are applicable to the general run of work and the tolerances 
have been set accordingly. They are not intended to cover the finer applica¬ 
tions where a closer fit may be required. 

t These tolerances are negative and represent the maximum allowable 
variation below the exact nominal size. For example, for the standard 
3- 2-inch key the maximum size is 3.000 X 2.000 inches, and the minimum 
size is 2.006 X 1.096 inches. 
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Formula; A — \{D — \/D^ — W^). 

D — shaft diameter. W = width of keyway. 
Example.— f-inch kejrway in i^-inch shaft 
A = 5(1-6875 - V 2.845 - 0.390) 

= 5(1.687 - 1.566) 

= 0.060 inch. 



Table 38.—Finding Total Keyw.w Depth 

In the column marked “Size of Shaft” find the number repre¬ 
senting the size; then to the right find the column representing the 
key way to be cut and the decimal there is the distance Ay which 
added to the flepth of the keyway will give the total depth from the 
point where the cutter first begins to cut. 


Size of 

i 

A 

I 

a 


J 

Shaft 

Keyway 

Key way 

Key way 

Key way 

Keyway 

A 

•h 

1 

0.032s 

0.0289 

0.0254 

0.0236 

0.022 

0.0198 

0.0177 

0.0413 

0.0379 

0.0346 
0.0314 
0.0283 

o.osn 

0.0465 

0 042 

0.0583 


n 

0.0164 

O. 026 .J 

0 0392 

0.0544 


1 

I iV 

0 0152 

0.0246 

0 036s 

0,0506 

0.067 

0.0143 

0.0228 

0 0342 

0.0476 

0.0625 


0.0136 

0.021 

0.0319 

0.0446 

0.0581 

I iV 

0.0131 

0.020.1 

0 0304 

0.0421 

0.0551 

li 

0.0127 

0.0108 

0.029 

0.0397 

0.0522 

ItV 

0.0123 

0.0191 

0.0279 

0.038 

0.0499 

iJ 

0.012 

0.0185 

0.0268 

0.0364 

0.0477 

I tV 

0.0114 

0.0174 

0.0254 

0.0346 

0.0453 

li 

O.OII 

0.0164 

0 024 

0.0328 

0.0429 

I A 

0.0107 

0.0158 

0.0231 

0.0309 

0.0412 

i| 

0.0105 

0.0153 

0 0221 

0.0291 

0.039s 

I li 

0.0102 

0.0147 

0.0214 

0.0282 

0.0383 

1 i 

0.0099 

0.0142 

0.0207 

0.0274 

0.0371 

I \i 

0.0095 

0.0136 

0 oig8 

0.0265 

0.0355 

il 

0.0093 

0.013 

0.019 

0.0257 

0.0339 

III 

0,009 

0.0127 

0.0184 

0.025 

0.0328 

2 

0.0088 

0.0124 

0.0179 

0.0243 

0.0317 

2 A 

0.0083 

0.0117 

0.0173 

0,0236 

0.0308 

2k 

2 A 

0.0078 

0.0111 

0.0168 

U.0229 

0.0299 

0.0073 

0.0109 

0.0163 

0.0222 

0,0291 

2\ 

0.007 

0.0107 

0.0159 

o.oai6 

0.0282 

2A 

0.0068 

0.0104 

o.oiss 

o.oao9 

0.0274 

2i 

0.0066 

0.0102 

0.0152 

0.02C^ 

0.0267 

2tV 

0.0064 

O.OI 

0.0149 

0.0198 

0.026 

2| 

0.0063 

0.0098 

0.0146 

0.0194 

0.0253 
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Pratt & Whitney, Round End Keys 

The length ” may vary from the table given, but must at least 
be equal to (2 X W). The maximum length of slot is (4" + W). 
Note that the width (W) is in all cases equal to the depth (D). 


f<hysmodeiv/fHffoun4 
-^-i- £nJsand KeytvaysCof- 
^ W /n SpJ/ne M*//er 


I--L- 


•10 


Table 39.—Pratt & Whitney Key System 


Key 

No. 

L 

W 

H 

D 

Key 

No. 

L 

W 

H 

D 

I 


* 

A 

A 

22 

ii 

i 

i 

l 

2 

i 

A 


A 

23 

A 

4S 

A 

3 


i 

A 

i 

F 


i 

A 

1 

4 


A 

A 

A 

24 

ij 

i 

i 

4 

5 

i 

i 

A 

j 

25 

A 


A 

6 


A 

u 

A 

G 


i 

A 

4 

7 


i 

A 

i 

SI 


i 

i 

1 

8 

i 

A 


A 

52 


A 

44 

A 

9 


A 

A 

A 

53 


i 

A 

1 

10 


A 

u 

A 

26 


A 

A 

A 

II 

i 

A 

A 

A 

27 

2 ! 

i 

i 

4 

12 


u 

A 

28 

i 

1 

A 

y 

A 

A 


i 

i 

i 

29 


i 

A 

4 

13 


A 

A 

A 

54 


i 

1 

4 

14 

T 

A 


A 

55 

2i 

A 

44 

A 

IS 

1 

i 

i 

i 

56 

i 

A 

1 

B 


A 

U 

A 

57 


A 

44 

A 

16 


A 

A 

A 

58 


A 

y 

/ 

17 

18 

ij 

A 

i 

i 

A 

i 

59 

60 

2i 

I 

A 

ft 

i 

l'9 

C 


ft 

if 

A 

61 


4 

4 


19 


A 

A 

❖ 

SO 


t 

A 

1 

20 

li 

A 

i 

A 

31 


A 

y 

A 

21 

i 

i 

32 

3 

4 

4 

4 

D 




A 

33 


A 

fi 

❖ 

£ 


i 

A 

1 

34 


1 

44 

1 





STOCK KEYS 


89s 


Plain Taper Stock Key8» Square and 
Flat 

Adopted by Am. Stand. Asso., 
Oct., 1943 American Standard, 
February, 1927 

Table 40.—Dimensions and 
Tolerances 



Square Type 


Flat Type 


Tolerances on 
Keys 


Diameters 

of 

Shafts 


(Inclusive) 


Maxi- Height Maxi- Height 

mum at Large mum at Large Width Height 
Width Endi Width End» 

W H W H (Minus) (Plus) 


i to / 
f to J 
H to li 


0.0020 0.0020 
0.0020 0 . 0 C 20 


0.0020 0.0020 


0.0020 0.0020 
0.0025 00025 
0.0025 0.0025 
0.0025 0.0025 


0.0030 0.0030 
0.0030 0.0030 
o.0030 o.0030 
0.0030 0.0030 


Table 41.—Stock Lengths of Plain Taper Stock Keys 


Shaft 

Diameter, 

(Inclusive) 


* 

d ll 

li 2i 

2 3 

2i 3i 


3i Si 


Length of Key,* L 



* The minimum stock length of keys is e<iual to four times the key width, 
and the maximum stock length is equal to sixteen times the key widtlL The 
inorementa of increase in length are equal to twice the width. 









Gib-Head Taper Stock Keys, Sqtiare and Flat 
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^ This heigth of the key is measured at the distance W from the gib head. For length see Table 3 > 
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Table 43.— Cold-Finished Shafting, Standard Diameters and 
Lengths 

Adopted by American Standards Association, October, 1943. 
Diameters and Tolerances 


Transmission 

Machinery 

! ! 

Transmission! 

Machinery 

Toler- 

Shafting 
Sizes in 

Shafting 
Sizes in 

Diameters 

Shafting 
Sizes in 

Shafting 
Sizes in 

Diameters 

Inches ^ 

Inches 

Inches ) 

Inches 

Inches 

( ) in 

Inches 


1 

2 

0 

002 

2 A 

2 A 

0 

. 004 


16 

0 

002 


2I 

0 

.004 


8 

0 

00 2 


2 A 

0 

.004 


•u 

0 

002 


2? 

0 

004 


4 

0 

002 1 

2 A 

2 A 

0 

. 004 


n 

0 

002 


2I 

0 

004 


i 

0 

002 


2| , 

0 

.004 

if 

if 

0 

002 


2 4 

0 

004 


I 

0 

002 


- 8 

0 

004 


lA 

0 

003 

2f| 

3 

0 

004 


li 

0 

003 


si 

0 

.004 

lA 

IA 

0 

003 


s } 

0 

.004 


li 

0 

003 

3A 


0 

004 


lA 

0 

003 

si 

0 

004 


l8- 

0 

003 


St 

0 

004 

lA 

IA 

0 

003 


si 

0 

004 


12 

0 

003 

3 U 

sl 

0 

004 


I A 

0 

003 

4 

0 

004 


Is 

0 

003 


4l 

0, 

005 

lii 

ill 

0, 

003 

4i-S 

45 

0 

005 


i| 

0 

003 

4 if 

4l 

0 

005 


ill 

0. 

003 

5 

0 

005 


i| 

0. 

003 



0 

005 

III 

ill 

0. 

003 

SlV 

si 

0, 

005 


2 

0. 

003 


si 

0 

005 


2 A 

0. 

004 

5 16 

6 

0, 

005 


2 I 

0. 

004 






1 Note—T hese tolerances are negative and represent the maximum allow¬ 
able variation belcnv the exact nominal siiic. For instance, the maximum 
diameter of the i ti-inch shaft is 1.938 inch and its minimum allowable diam¬ 
eter is 1,935 inch. 

Standard stock lengths for cold-finished shafting shall be 16, 20 and 24 feet. 

Ground Steel Shafting 

Ground shafting is used in many parts of machine building. On 
Cumberland shafting, which has been ground since about 1880, the 
tolerances on shafts 2^ inches and smaller is from basic to 0.002 
inch undersize. Shafts from 2 J to 8 inches are undersize from basic 
to 0.003 inch. It can also be obtained 0.0005 oversize to 0.0005 
inch undersize, and from basic to 0.0005 inch under. The shafts can 
be supplied up to 6o feet long and within 0.0025 inch of straight¬ 
ness. Ground shafting will frequently save much time where it 
can be used. 
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A.G.M.A. STANDARD KEYWAYS FOR HOLES IN GEARS 

The August, 1937, revision of the “Recommended Practice of the 
American Gear Manufacturers Association for Standard Keyways 
for Holes in Gears’' provides an enlarged and revised table of key- 
ways for holes in gears and key-stock sizes. 

Keyways are to be cut from exact nominal size to plus 0.002 inch 
in width, and the depth shall be nominal to plus ^ inch for straight 
keys. For taper keys, the depth shall be from nominal to ^ inch 
minus. For heat-treated pinions, the depth shall be ^ inch minus 
o to plus ^ inch over nominal size within ^-inch R in corners of 
the keyway. 

It is understood that these keys are to be cut from cold-finished 
stock and are to be used without machining, as this A.G.M.A. 
standard is for general industrial practice. The keystock is to 
be cold-rolled steel o.io to 0.20 carbon. 


Table 44.—Keyways in Gear Hubs 


Diameter of 
Holes Inclusive 

Standard 

Keyways 

Key Stock 

Special 

Keyways 

Key Stock 

Width 

Depth 

Width 

Depth 

A to 

A 

A 

A 

A X A 




i to A 

i 

A 

i X i 

i 


A 

i X A 

i to 


A 

A 

A X A 


h 

A 

A X i 

Hto li 

k 

i 

i 

i X i 

1 

i 

A 

i XA 

I A to ij 

'i 

A 

A 

A X A 

1 

h 

A 

A X i 

iiV to 

'1 

i, 

I 

A 

I X 1 

i 

i 

i 

i Xi 

iH to 2; 

b 

i 

i 

i X i 

i 


A 

i xi 

2A to 2i 

i 

1 

A 

1 X 1 

I 

L 

A 

i X A 

to 3i 


i 

i 

1 X 1 

\ 

L 

1 

i 

4 

I xi 

3-h to 31 


i 

A 

1 X J 

1 

A 

1 xf 

sH to 4I 

i 

I 

i 

I X I 

I 


1 

I xl 

4A to si 


li 

A 

li X i 




SA to 61 

\ 

ti 

i 

d X I 




6A to 7) 

i 

li 

f 

d xii 




7A to 8 

If 

2 

i 

2 X if 




9 to lo 


2i 

i 

2 i X li 




II to 12 


3 

I 

3 X 2 




13 to 14 


si 

li 

3\ X 2 | 




15 to 17 

4 

4 

i| 

4 X 2i 




18 to 21 


5 

I j 

S X 3 i 





Keystock is to vary from the exact nominal size in width and thickness to 
a negative tolerance as follows: 

Keys A to I inch square, inclusive. —0.00a 
Keys 4 to j inch square, inclusive, —0.0025 
Keys t to zi by I square, inclusive, —0.003 
Keys il by zi to 3 by a square, inclusive, —0.004 
Keys 3I by a{ to 5 by 3I square, inclusive, —0.005 



KEYS AND KEY -SLOTS 


899 


WOODRUFF KEYS, KEY SLOTS, AND CUTTER STANDARDS 
APPROVED BY THE AMERICAN STANDARD 
ASSOCIATION, DECEMBER, 1930 

The standardization of Woodruff Keys was undertaken with a 
view to establishing a logical and simplified series to replace, with 
the least possible disturbance, the several individual standards in 
use, thus permitting interchangeability of keys made by different 
manufacturers and eliminating, as far as possible, the special or 
little-used sizes. 

The most suitable type of key-slot cutter was selected and a 
rational indexing system adopted whereby both keys and cutters 
can be classified and referred to by number. This system of 
“key numbers” is explained in Footnote i of Tables 45 to 47. 

Keys 

The keys included in this standard range from ^ inch wide by 
i inch long to f inch wide by i j inches long. Table 45, which 
covers both the round- and the flat-bottom types as optional 
designs, gives the over-all dimensions. The maximum and mini¬ 
mum limits indicated for the key width are such that, when assem¬ 
bled with the key slot whose width and tolerances are given in 
Table 46, the assembly can be made without distortion of the shaft 
or the necessity of individual fitting when the maximum key is 
inserted in the minimum key slot, and also, without shake, when the 
minimum key is inserted in the maximum key slot. Such inter¬ 
changeability is of particular value in facilitating mass production 
and the application of the keys. For more particular work, how¬ 
ever, the specified fit may be obtained by gaging the finished 
key slot and selecting by measurement the key required. Break¬ 
ing the corners of the key with a o.oio-inch radius is optional but 
sharp edges should be removed from all finished keys. 

In addition to the dimensions of the key. Table 45 gives the dis¬ 
tance “ E ” from the center of the circle forming the key profile to the 
top of the key in order to facilitate the layout in the drafting room. 

Key Slots 

Table 46 gives the over-all dimensions with maximum and 
minimum limits for key slots corresponding to the series of keys 
established. It will be noted that the depth “h” is measured 
from the sharp edge of the slot, not from the shaft circumference 
on the center line of the key and, therefore, does not indicate the 
depth to which the cutter should be fed into the shaft. This 
amount varies with the shaft diameter, and Table 45 will be found 
very useful. 

The amount by which the key, when in place, will extend from 
the shaft may be determined by subtracting the key-slot depth “h” 
(Table 46) from the height of key C (Table 45). 

Key*Slot Cutters 

Two series of key-slot cutters, fine and coarse teeth, both of the 
shank type and having a shank diameter of J inch for all sizes, have 
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been adopted as best suited to the requirements. The key numbers 
established to designate the size of key apply also to the correspond¬ 
ing cutters. The over-all dimensions, number of teeth for both fine 
and coarse series, tolerances, and general design features, are given 
in Table 47. 

It should be noted that a back clearance of 0.006 to 0.010 inch 
per inch (20 to 40 minutes of arc) shall be ground on each side of 
the cutter and that each side face may be recessed to a depth of 
not more than one-quarter of the cutter width. 

The accuracy in grinding shall be such that the cutting edges 
of the teeth will be concentric within 0.002 inch and both sides 
will be parallel within 0.0005-inch indicator reading. 

In order that the cutters may be centered accurately for regrind¬ 
ing, provision for which has been made in the maximum dimensions 
(Note 2, Table 47), both ends of the shank shall be drilled and coun¬ 
tersunk with a 60-degree angle in accordance with the following: 


Key Number ! 

Maximum 

Countersink 

Diameter 

Drill Diameter 

i 

D^th of Drilled 
Hole belpw 
Countersink 

402 

A 

A 

A 

403 to 708 

i 

A 

❖ 

806 to 1,212 

A 

A 

A 


All dimensions given in inches. 

All cutters shall be marked on the shank with the key number or 
nominal size and the maker’s name or trade mark. 

The S.A.E. and General Motors Standards conform to the cutter 
dimension given in Table 47 but use different key numbers and add 
center drill dimensions. Gage dimensions for key slots are the same 
as for maximum and minimum of keys in Table 45. 

THE KENNEDY KEY 

This key was designed by Julian Kennedy of Pittsburgh, Pa., 
and is used in heavy work such as gearing 
.for rolling mills. The keys are square 
and one-Fourth the diameter, the sides 
being parallel and a good fit, and the top 
of the key is tapered J inch per foot. 
The keys are set so that lines drawn 
diagonally through the corners will meet 
at the center of the shaft. After boring, 
the hub is offset one-sixty-fourth the 
diameter and rebored to the same radius, 
relieving the top of the bore. This 
relieves the sides so that the full bearing 
usually begins at one-tenth the diameter 
below the center, as shown. Up to 6-inch shafts, single keys are 
generally used; above 6 inches, the two keys as shown. 
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Table 46.— Dimensions for Key Slot 


Key* 

Number 

Nominal 

Key 

Size 

A by B 

Key Slot 

Width 

W 

Depth 

h 

Maximum 

Minimum 

Maximum j 

Minimum 

204 

A by 5 

0.0630 

0.0615 

0. 1718 

0.1668 

304 

A by 1 

0.0943 

0.0928 

0.1561 

0.1511 

305 

A by 1 

0.0943 

0.0928 

0.2031 

0.1981 

404 

i by i 

O.I 2 S 5 

0.1240 

0.1405 

0.1355 

40s 

i by 1 

0.1255 

0. 1240 

0.187s 

0. 1825 

406 

4 by i 

0-1255 

0.1240 

0.2505 

0.2455 

50s 

1 

0. 1568 

0.1553 

0.1719 

0,1669 

506 

Aby i 

0.156S 

0.1553 

0. 2349 

0. 2299 

507 

A by 4 

0.1568 

0-1553 

0. 2969 

0. 2919 

606 

Aby f 

0.1880 

0.1863 

0. 2193 

0.2143 

607 

A by 4 

0, 1880 

0 1863 

0. 2813 

0.2763 

608 

Aby I 

c. i88o 

0.1863 

0.3443 

0.3393 

609 

Abyii 

0. i88o 

0. 1863 

0.3903 

0-3853 

807 

1 by 4 

0.2505 

0. 2487 

0. 2500 

0.2450 

808 

t by I 

0.2505 

0.2487 

0.3130 

0.3080 

8og 

1 by i 4 

0.2505 

0.2487 

0.3590 

0.3540 

810 

t by li 

0.2505 

0.2487 

0.4220 

0.4170 

811 

1 ^y *1 

0.2505 

0.2487 

0.4690 

0.4640 

812 1 

i by i| 

0.2505 

0.2487 

0.5160 

O.5110 

1008 1 

A by 1 

0.3130 

0.3III 

0.2818 

0.2768 

1009 

A by i 4 

0.3130 

0.3III 

0.3278 

0.3228 

1010 

A by i 4 

0.3130 

0.3HI 

0.3908 

O.385S 

ion 

Abyii 

0.3130 

O.3111 

0.4378 

0.4328 

1012 

A by li 

0.3130 

0.3III 

0.4848 

0.4798 

1210 

i byij 

0.375s 

0.373s 

0-3595 

0 . 3 S 4 S 

1211 

1 byil 

0.3755 

0.373s 

0.4065 

0.4015 

1212 

1 

} by li 

0-3755 

0.373s 

0.4535 

0.4485 


All dimensions ^iven in inches. 

' Key numbers indicate the nominal key dimensions. The last 
two digits give the nominal diameter B in eighths of an inch 
and the digits preceding the last two give the nominal width A 
in thirtjr-seconds of an inch. Thus, 204 indicates a key ^ by I 
or ^ by i inches. 1210 indicates a key i| by V I bv t 1 mchea. 
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Table 4S.—Selection and Inspection of Woodruff 
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I Joseph H, Roberts & Associates, Inc, 











Table 48. —Selection and Inspection of Woodruff Keys.^— Continued 
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Key Widths 
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THE NORDBERG KEY 

The Nordberg key is round with 
a taper of ^ inch per foot. The 
large diameter is approximately 
one-fourth the diameter of the 
shaft, up to 6 inches. Above this 
the key is about one-fifth the shaft 
diameter. In practice, the small 
hole A is first drilled at the joint, 
then a hole 5, as large as con¬ 
venient without exceeding the key 
diameter. This prevents the full- 
size drill from “running,” or crowd¬ 
ing, into the cast iron of the hub. 

SPLINES 

Splined Shafts for Machine Use 

Although splined shafts were developed largely for use in auto¬ 
mobile construction, they have become standard machine elements 
that are used in many other classes of machines. Standards were 
first developed by the S.A.E. in connection with different motor-car 
builders. Clearances depend on the kind of work they are to do, 
whether the parts are to have a permanent fit or to slide, and if so, 
whether under load or not. The tables give the latest practice. 
Dimensions apply *only to soft-broached holes which permit the 
tolerances given to be easily maintained. The formula for torque 
capacity under each table is in inch-pounds per inch of bearing 
length and at i,cxx> pounds pressure per square inch. 

Formula for Finding Root Width of Splineways 

The following formula will be found useful for calculating the 
root width of splineways on splined shafts: 




in which N = number of splines. 

B = diameter of shaft at the root of the splineway. 

Angle A must first be computed as follows: 



A T B , T 

sin A -\—, or sm A = •= 

22 B 

in which T — width of spline. 

B = diameter of shaft at root of 
splineway. 

D = largest inside diameter. 
d = smallest inside diameter. 

W == width of splined recess. 
h = height of tooth or J(D — d). 
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Table 49. —Formulas for TF, /r, and in Terms of Large 
Diameter D 
(In Inches) 


No. of 
Splines 

w, 

for All 
Fits 

A 

Permanent Fit 

B 

To Slide, Not 
under Load 

c 

To Slide 
under Load 

h 

d 

h 

d 

h 

d 



t 

ro 

16 

0. 241D* 
0. 2S0D 
0.156D 
0.098D 

o.otsD 
0.050D 
0. o4sD 
0.0450 

I 

0.850/) 

o.gooD 

1 o.gioD 
o.gioD 

0. 125D 
0.075O 
0.070O 1 
0.070O 

O.TSoD 

0.850/) 

0.S60D 

0.850/) 

0. looD 
o.ogsD 
0. oosD 

0.800/) 
0.810/) 
0.810/) 


Radii on corners of splines not to exceed 0.015 inch. 

Splines shall not be more than 0.006 inch per foot out of parallel with 
respect to the axis of the shaft. 

No allowance is made for radii on corners or for clearance. Dimensions 
are intended to apply to only the soft-broached hole. Allowance must be 
made for machining. 

* Four splines, for fits A and B only. 




Table 50.—Four-Spline Fittings 
(In Inches) 
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Table 51 .—Sdc-Spline Fittings 
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Note,—T ables 49 to 53» report of Broaches Division, adopted by the Society of Automotive Engineers, January, 1914; 
revised by Shaft Pitting^s Division, March, 1920; checked for ctirrent use, January, 1936. 

♦ Torque «■ i.ooo X 16 X mean radius X h X L. 
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INVOLUTE SPLINES 

The advantages of splines with involute sides, instead of the 
straight-sided splines formerly used, led to the formation of an 
engineering committee representing both the American Society of 
Mechanical Engineers and the Society of Automotive Engineers 
to standardize this form of spline. After many meetings and care¬ 
ful consideration from a variety of angles, the standards from which 
the tables in the following pages have been taken were finally 
adopted in December, 1944. 

The splines shown and the sizes finally adopted are especially 
designed for use on automotive parts, for machine tools, and for 
general use where straight-sided splines were formerly used. 
Experience has shown that the 30-degree pressure angle has advan¬ 
tages for all-round use and gives best results for a wide variety of 
machine design. 

Involute splines can be measured with pins, in the same way as 
gears, but allowance must be made for the class of fit, material, 
heat-treatment, accuracy of spacing, and contour. 

Spline design is frequently controlled by the antifriction bear¬ 
ings used on the splined shaft. The bores of these bearings, which 
are in metric measurement, form the basis for size ranges covered 
by the standards given. So the spline sizes are designated by the 
symbols used in bearing practice. 

The basic formulas are 

INVOLUTE SPLINES 


1 

Circular pitch 

Pitch diameter 

^ 3.1416 

_ No. of teeth 

diametral pitch* 

diametral pitch* 

Addendum = dedendum 

Major diameter 

_ 0,500 

_ No. of teeth + i 

diametral pitch* 

diametral pitch* 

Circular tooth thickness 

Minor diameter 

00 

0 

1 

No. of teeth — i 

diametral pitch* 

diametral pitch* 


* Diametral pitch referred to is that which controls the diameter, such as 
8 , in i"*. 
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There are three types of fits: 

I. On the major diameter, where fit is controlled by varying the 
major diameter of the external. 


Infernal 

^ajor diom. fiHef radius 
\ \MaJor diom. fflief heighf\^ 
\ 

\ 


Ex-fernal 
t Major diam 
'^.chamfer dimen. 


Chamfer 
heigh f, 



' Minor diam// 
fil/ei rad." 


, \ //'Minor diom. , 

I \ chamfer ong/e " 6 ; '-g' ^ 

I ' ^ I b height 

I Chamfer heighf p' o '5 / 

True invoiufe ^ ^ ^ involute 

form diom.dl.f:) g 

fQ 


form diam. (TlC) 
Fig. 21. —Spline-Tooth Nomenclature. 


P Diametral Pitch 
p Circular Pitch 
a Addendum ^ 

b Dedendum 

hk Working Depth T. 

c Clearance 

/ Circular Tooth Thickness 
t. Circular Space Width 
<p Pressure Angle 
N Number of Teeth 

Pressure 


D Pitch Diameter 
Db Base Circle Diameter 
Do Major Diameter 
Dr Minor Diameter 

I.F. Diameter at Junction of Involute Form 
with Fillet 

dx Measuring Pin Diameter—External 
dn Measuring Pin Diameter—Internal 
C Measurement over Pins—External 
G Measurement over Pins—Internal 
Angle = 30 degrees 


2. On the sides of the teeth, where fit is controlled by varying 
tooth thickness. 
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3. On the minor diameter, where fit is controlled by varying the 
minor diameter of the internal.^ 

The three methods, which are tabulated below', are each divided 
into three classes, for sliding, locating, and press applications. 




Fio. 23. 

Involute Spline Data for Figs. 22 and 23. 

XX Teeth 

XX/XX Di.ametral Pitch 
XX° Pressure Angle 

.XXXX Maximum Permissible Error in Involute Profile 
.XXXX Maximum Cumulative Error in Spacing 
The above data shall be given for internal and external splines 


Sliding fits must have clearance at all points, the location fit must 
be close at one point, and the press fit must involve an interference 
at only one point. By using Table 54 as a key to the appropriate 
table the correct combinations of dimensions may be selected for 
any desired fit. For all classes of fits the internal major diameter 
and measurement between pins should be selected from column 4 
and column ii, respectively, in Tables 58 and 59. 

’ Requires special tooling. 
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Table 54.— Classes of Fits 





Internal 

External 

Fit 

on 

Type of 
Fit 

Class 
of Fit 

Major 

Diam¬ 

eter 

Minor 

Diam¬ 

eter 

Betw. 

Pins 

Major 

Diam¬ 

eter 

Minor 

Diam¬ 

eter 

Over 

Pins 

Major 

diam¬ 

eter 

Sliding 

I 

Col. 4 

Col. s 

Col. II 

Col. 22 

Col. 16 

Col. 26 

Location 

II 

Col, 4 

Col. 5 

Col. 11 

Col. 23 

Col. 16 

Col. 26 

Press 

III 

Col. 4 

Col. 5 

Col. II 

Col. 24 

Col. 16 

Col. 26 

Sides 

of 

teeth 

Sliding 

A 

Col. 4 

Col. 5 

Col. II 

Col. 22 

Col. 16 

Col. 26 

Location 

B 

Col. 4 

jCol. s 

Col. II 

Col. 22 

Col. 16 

Col. 27 

Press 

C 

Col. 4 

Col. s 

Col. II 

Col. 22 

Col. 16 

Col. 28 

Minor 

diam- 

S iding 

X 

Col, 4 

Col. 12* 

Col. II 

Col. 22 

Col. 16 

Col. 26 

Location 

Y 

Col. 4 

Col. 13 * 

Col. II 

Col. 22 

Col. 16* 

Col. 26 


Press 

Z 

Col. 4 

Col. 14* 

Col. II 

Col. 22 

Col. 16 * 

Col. 26 


♦ Requires special tooling. 

See Table 54(i for tolerances and formulas. 


Ball Bearing Installations.—Because of the wide use of ball 
bearings on spline shafts, it will often be convenient to know the 
nearest size of spline for any given ball bearing bore. Table 56 is 
for such selection, and the major diameters given are for that 
nearest under the metric bore dimension. Those values under¬ 
lined are only a few thousandths over the metric size, but considered 
within the major diameter tolerance. These may be used if 
desired by making the spline major diameter as recommended by 
the ball bearing manufacturer, provided it does not interfere with 
a major diameter fit. 

Tooth Side-fit Tolerance.—The Class A fit is based on circular 
clearance or blacklash of 

0.0020 to 0.0060 for D.P. from i to | inclusive 

0.0015 to 0.0045 D.P. from to A inclusive 

0.0010 to 0.0040 fro D.P. from to inclusive 

0.0010 to 0,0030 for D.P. from to jj inclusive 

The tolerances for space width and tooth circular thickness are 
divided as follows: 


D.P. 

1 Internal Tolerance ] 

1 External Tolerance 

J to I 

+ .0020 

— .0000 

4* .0000 

—.0020 

A to xV 

4 -.0015 

— .0000 

4-0000 

— .0015 

II to h 

4". 0010 

— .0000 

4.0000 

— .0015 

U to If 1 

4.0010 

— .0000 

4.0000 

— .0010 


These tolerances multiplied by the cotangent of 6j, give the tolerances 
used at the top of columns ix and 26, Tables 54d and 54s. 



Table 54. —Comparative Dimensions 








Table 54a. —Comparathe Dimensions— {Continued) 
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12/2^ 0.0417 0.2618 0.1309 0.1600 0.1200 




Bearing Bore Nearest Number of Teeth and Major Diameter under Bearing Bore 
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Underlined figures indicate a major diameter slightly greater than bearing bore, but within the allowable major diameter 
tolerance. 
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Table 54^/.—Involute Splines 
All dimensions in inches 
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Circular pitch 3.1416 

Cir. tooth thickness i. 5708 
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Pins flattened. See Fig. 25. 

Applies to internal only. 

Use only with class X, Y, and Z fits. 
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<t> = pressure angle at PD (30°) 
02 = pressure angle at pin center 
dx = pin diameter 


Inv. 4- inv. 30° + —5 

O D cos 30 

Irom inv. 02 find 02 in degrees if N is even 


If iV is odd 


c, =:^ 30 ° 
COS </>o 


jr» o OO 

D cos 30 cos 

Cj --+ d, 

cos <#>; 


X 

]V 


(i) 


fi.O 


(1.2) 



Fui. 24. 


Example—for 10/20 DP —20 teeth—0.001 clear, 

T . o.i'; 6 i , , , 0.IQ20 X 

Inv. 02 == —-h 0.0537^140 H-^—- 

2.000 ^ 2.000 X 0.86602 20 

Inv. 02 = 0.08557314 03 = 04-552149° 

Use (i.i) because N is even 

^ 2.000 X 0.S6602 , 

(7j --1- 0.1920 = 2.2950 

cos 34-552149 

Due to interference with major diameter, pin must be flattened 
as shown. 


U 


Inv, 08 = inv. 3°° + n 


D D cos 30° 


(t. 3 ) 
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If N is even 

If N is odd 


D cos 30 
cos <i>i 


D COS 30 cos 

G, -T- - - dn 

cos 03 


(1-4) 


(1.5) 



Fig. 25. 

Example—for 10/20 DP —20 teeth 


T ^ j 0-14 40 

nv. 03 0.05375149 2.000 2.000X0.86602 

Inv. 03 = 0.04916305 03 = 29.18496° 


Use (1.4) because N is even 


Gi — 


2.000 X 0.86602 
cos 29.18496 


— 0.1440 = 1.8399. 
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* Tolerance applies to minor diameter fits only and column dimension should be used as maximum for all other fits. 

















Table 54/. —Examples of Fits 


SPLINE FITS 



Minus 
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In the first series all figures represent clearance on diameter. 

In the second series the minus sign ( —) indicates interference or press and the plus sign (-f) indicates clearance. 
In the third series all figures represent interference or press. 
















Table 54^.—Shaper Cutters 

Number of Teeth in Cutters Recommended for Internal Splines 
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HOBS AND BROACHES 



Hob footh ^30"* 

Fig. 26. 

Recommended Dimensions for Hobs 


D.P. 

O.D. 

Bore 

Width 

D.P. 

O.D. 

Bore 

Width 

1/2 

10.75 

2.00 

7 SO 

12/24 

2.50 

1-25 

2.00 

2-5/5 

5.00 

1-50 

7.00 

16/32 

2. 50 

1.25 

2.00 

3/6 

4.50 

1.25 

5.00 

20/40 

2.50 

1.25 

2.00 

4/8 

4.00 

1.25 

4.00 

24/48 

2.50 

1.25 

2.00 

5/10 

3-50 

1.25 

3 50 

32/64 

2.50 

1-25 

2.00 

6/12 

325 

1.25 

3 25 

40/80 

2.50 

I 25 

2.00 

8/16 

2.50 

125 

2.50 

48/06 

2.50 

125 

2.00 

10/20 

2.50 

125 

2.50 






Note. —Depth of cut will vary with desired fit. See tables. 

Radius c/s desired 
(for max. see coL 7) 


MoJ- 

(max. col. 

I P- 


Fig. 27. 

Broaches. —The broach design will be in accordance with the 
specifications given in the tables for internal splines. The length 
of the broach is determined by the length of the part, the hardness, 
and type of material to be broached, and the broaching equipment 
available. 
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Tapered Splined Shafts 

The Barber-Colman Company has developed a tapered spline for 
shafting and a method of producing it. The shaft itself is not 
tapered—only the bottom surface of the groove between the splines. 
The tapered grooves are milled with a tapered hob as shown. The 
mating part is bored to the same taper as the bottom of the groove 
and then broached in the usual manner. This permits the passage 
of the straight outer surface of the splines and gives a bearing on 
the tapered surfaces. It is self-centering and easily removable. 


Table 55.—Four-Key Spline Dimensions 



D 

d 

E 

w 

Y (Approx¬ 
imately) 

Z (Approx¬ 
imately) 

Hob 

Broach 

t:: 

1 

a 

0.120 

0.042 

0.005 



I" 

a 

a 

0.150 

0.051 

0.005 




A 


0.17I 

0.060 

0.005 

Either 

i" 

I* 

If 

0. 2II 

0.070 

0.005 




i 


0. 241 

0.080 

0.005 




Barber-Colman Company. Rockford, III. 



The taper hob moves at the angle 
shown and cuts the splines deeper as 
its larger diameter contacts the work. 
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Table 56.—Six-Key Spline Dimensions 
(In Inches) 



Barber-Colman Company, Rockford, Ill. 
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Table 57.— Measuejng Spline Diameter with Pins 
Measurement of Involute Splines (on Shafts) 
lo-Tooth Sphnes 


Ma 



Pitch 

Diameter 

Dp 

Pin 

Diameter 

P 

Center 
to Flat 

G 

Measurement over Pins 

Shallow 

Ma 

Interme¬ 

diate 

Mb 

Deep 

Me 

Dp X 
0.2012936 

0.4P 

Dp X 
1.327628 

Dp X 
1.315660 

Dp X 
1.3020251 

0.7500 

0.1510 

0.060 

0-9957 

0.9867 

0.9772 

0.9375 

0.1887 

0.075 

I.2447 

I•2334 

I .2215 

1.1250 

0.2265 

0.091 

1-4936 

1.4801 

1.4658 

1.3125 

0.2642 

0.106 

1.7425 

I .7268 

I.7101 

I.sooo 

0.3019 

0. I2I 

I.9914 

1-9735 

1.9544 

1.6875 

0.3397 

0.136 

2.2404 

2.2202 

2.1987 

1.8750 

0.3774 

O.15I 

2.4893 

2.4669 

2.4430 

2.0625 

0.4152 

0.166 

2.7382 

2-7135 

2.6873 

2.2500 

0.4529 

0. 181 

2.9872 

2.9602 

2.9316 

2.4375 

0.4907 

0. 196 

3-2361 

3.2069 

3-1759 

2.6250 

0.5284 

0.2II 

3-4850 

3.4536 

3-4202 

2.8125 

0.5661 

0.226 

3-7340 

3.7003 

3-6645 

3.0000 

0.6039 

0. 242 

3.9829 

3.9470 

3-9088 

3.187s 

0.6416 

0.257 

4.2318 

4.1937 

4-1531 

3.3750 

0.6794 

0.272 

4-4807 

4-4404 

4-3974 

3.5625 

0.7171 

0.287 

4.7297 

4.6870 

4-6417 

3.7500 

0.7549 

0.302 

4-9786 

4.9337 

4.8860 

3.937s 

0.7926 

0.317 

5-2275 

5.1804 

5-1303 

4.1250 

0.8303 

0.332 

5-4765 

5.4271 

5 -3746 
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Table 58.—Serrated 
Shaft Fittings— S.A.E, 
1922 

Straight Type 
(All Dimensions in Inches) 




A and Bare nominal^ equal 
Depth of cut 

C inhole and D in ihcrff may be made m 
des/red by each irdividiMl manufacturtr 
b^nd minimum and maximum as 
specified in table, 

N ~ Number of serrations _ 


Nomi¬ 

nal 

Diam. 

Pitch 

Diam. 

N 

a, 

deg. 

b, 

deg. 

1 Hole j 

1 Shaft 

Large 

Diam. 

Min. 

Small 

Diam. 

Outside 

Diam. 

Inside 

Diam. 

Max. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

i i 

0.122 

0.120 

36 

90 

80 

0. 

0.118 

0.117 

0.124 

0.123 

0.116 


A 

0.182 

0.180 

36 

90 

80 

0.187 

0.176 

iO.175 

0.186 

0.185 

0.174 


0.243 

0.241 

36 

90 

80 

0.250 

0.23s 

0.234 

0.249 

0. 248 

0.233 


A 

0.303 

0.301 

36 

90 

80 

0.312 

0.293 

0.292 

0.311 

0.310 

0.291 

t 

0.363 

0.361 

36 

90 

80 

0.375 

0.352 

0.351 

[ 0.374 

0.373 

0.350 



0.48s 

0.483 

36 

90 

80 

0.500 

0.469 

0.468 

0.499 

0.498 

0.467 



0.60s 

0.603 

36 

90 

80 

0.625 

0.584 

0.583 

[0.624 

0.623 

0.582 



0.733 

0. 731 

48 

90 

82I 

0.750 

0.710 

0.714 

0.749 

0. 747 

0.713 



0.855 

0.853 

48 

90 

821 

0.8751 

0.83s 

0.833 

0.874 0.872 

0.832 

I 


0.977 

0.975 

48 

90 

82^ 

1.000 

| 0.954 

,0.952 

0.999 

0.997 

0.951 

zi 


1.098 

1.096 

48 

90 

821 

I. 125 

1.071 

1.069 

I. 1241 

1. 122 

1.068 

I; 


1.220 

1.218 

48 

90 

82i 

1.250 

1. 190 

1.188 

I. 2491 

1.247 

1.187 

I 


1.343 

1.340 

48 

90 

82I 

1.375 

1.309 

[1.307 

1-374 

1.372 

1.306 



1.464 

1.462 

48 

90 

82$ 

1.500 

1.428 

1.426 

[ 1.499 

1.497 

1-425 

I' 


1.708 

1.706 

48 

90 

82i 

I 750 

1.666 

1.664 

1*749 

1.747 

1.663 

2 


1.953 

1.949 

48 

90 

82! 

2.000 

1.904 

1.902 

1.999 

1.997 

1.901 

2i 


2.196 

3.193 

48 

90 

82} 

2.250 

2.142 

2.140 

2.249 

2.247 

2. 139 



2.440 

3.437 

48 

90 

82| 

2.500 

2.380 

2.378 

2.499 

2.497 

2.377 

2I 


2.684 

2.681 

48 

90 

82I 

2.750 

2.618 

2.616 

2.749 

2.747 

2.61S 

3 


2.928 

2.935 

48 

90 

82I 

3.000 

12.856 

2.854 

2.999 

2.997 

2.853 


The series of taper serrated shafts commences with the J-inch nominal 
outside diameter and continues through the 3-inch diameter. Dimensions 
for serrations are the same as for corresponding diameters of straight shafts 
given-in table above. For taper shafts all dimensions apply only at the 
large end of the taper as in the cross-section at the right, wWre the runout 
begins. The taper is } inch per foot on the nominal outside diameter a6d, 
the cutting angle is l degree 37 minutes. {Tolerance corrected January, 1937.) 

TAPER FITTINGS 

Plain or Slotted Nuts— S.A.E. Standard 
fKeywcry parallel to taper 




Taper per foot « 1.500 ± 0,002 in. Dimension E measured 
normal to the key. 

The center line of the cotter-pin hole shall be 90 degrees from the 
position of the keyway as shown on the drawing. 



Table 59.—Dimensions for Taper Fittings with Plain or Slotted Nuts 
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DRILL HEAD ADAPTERS 


925 


Standard Adapters for Multiple-Spindle Drilling Heads, 
December, 1937 

The purpose of these adapters is to secure vertical adjustment for 
taper shank tools when used with multiple-spindle drilling heads 


Table 60.—General Dimensions of Assembly 

(In Inches at 68°F.) 


f Woodruff key 



sc re IV 


Size 

A.S.A. Taper 
Number 

Woodruff 
Key Size 

Setscrew 

Size 

Adapter 

Length 

L 

Diameter 
of Nut 

D 

i 

I 

A X I 

A~i8 X 

3 

If 

IT*« 

I 

AX f 

A“i8 X A 

3f 

IA 


2 

Ax f 

A“i8 X 

3f 

'A 

If 

2 

i X I 

A~i8 X A 

.5 

48 

If 

if 

3 

i X I 

1^18 X 

4t 

if 

if 

3 

A X 14 

A~t8 X 

si 


if 

4 

A X if 

1^-18 X A 

5l 

4 


Material.—Chromium-nickel steel, S.A.E. 3120, or equivalent, case 
hardened. ' 

Finish.—All surfaces must be finished. 

Marking,—Thread size and manufacturer’s name or trade mark and 
A.S.A. taper number to be marked on end. 

Manufacture.—Tolerances on fractional dimensions are plus or minus 
0.010 inch unless otherwise specified. 







Table 6i.—^Detail Dimensions for Adjustable Adapter Body 
(In Inches at 68°F.) 
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Table 6i.—Detail Dimensions for Adjustable Adapter Body— Continued 


DRILL HEAD ADAPTERS 


Longitudinal 

Slots 

Depth 

U 

-tr-c-g-ft-e-c-c 

Width 

P 

— 

Woodruff Key Slot 

i 

Depth, h 

Mini¬ 

mum 

m fo 0 0 00 00 
'O'O'Ooooo \r>\n 
nO 0 0 00 00 

H N W fO ro <n ro 

d d d 0 0 d d 

Maxi¬ 

mum 

Oi f*3 PO 0 0 00 00 

M M M fO fO 0 0 
r^oO 00 M IH 0 > 0 > 

M M M POfOtOfO 

d d d d d d 0 

Width, W 

Mini¬ 

mum 

po fO po r-- ii M 
»/50 0 00 QO •-< 1-1 
moO 00 ^ 

M M M M (N» rO PO 

d 0 0 0 0 0 0 

Maxi¬ 

mum 

00 0 0 *0 in 0 b 
vO OO 00 0 0 PO PO 
moo 00 m m M M 

M M M M PO Pn 

d 0 0 0 0 0 0 

Nominal 

Size 

Z 

xxxxxxx 

Distance 
End of 
Body to 
Center 
of Key 

N 

-« 

Width of 
Drive Slot 

M 

Mini¬ 

mum 

Oi <>0 0 00 00 rt 

M M 0 0 M M 00 

W W « « PO PO Tt 

0000000 

Maxi¬ 

mum 

po po 0 0 '^'0 

M M 1-- po m b 

W M Cl N PO PO ^ 

0000000 1 

\ 

\ 

3 ^ 

iCKi-i , 2 0 M 

3 0 Crt ^ 

qW 


Distance 
End of 
Body to 
Keyway 

K 

N C( N W PO PO PO 

Size 

5 

M M M HI M M 


. o 

bo , 

•S ^ 

•d.2 


C3 O 


o"' 

1% 


t3 


• t 4> 


0.2 




V ^ 

4J 2 
2 


•d 

a 

d 

3 

I 


’0-5} 

£g 

c 6 


rt.2 


5 c 


Be 

3 esJ 




■<i'2 


:S 

1 

a 

& 

s. 


a 


’5-2 .> 


rt g 

a a 


=■ ^3°-S I 

H *0 o 2 “ 

•0 u j 

. 2« E 

> E 

d ^^‘Zp I 

. rt O, h K S 

U'-5 8 5" - 

S *r o rt u^’d'e 

O’rt 




2 n'd 

§i’§'5 

h 2? 5 a 


a ^ < 

g!e«f 

Im tA 


i lilll 


Z (fi 

S .u 
.20.0 

£bQ 

r^VM**-* 

c o o S'PC-'-S 

lMgPjSSFs|l 

lii^illilisi 

t5c36|s(5l.:as«J 

I 1 I 


937 









928 SHOP AND DRAWING-ROOM STANDARDS 






SQUARE SHAFT FITS 929 


Table 63.—Proportions of Square Shafts and Fit Allowances 



Nomi¬ 

nal 


Permanent Fit ^ 

— 0.80 


Sliding Fit ^ 

- 0.73 

Diam- 













eter 

/I 


C 

D 

E 

F 

G 

A 

B 

C 

D 

E 

1 

0.193 

0.189 

0.187 

0. 250 

0. 260 

A 

i 

0.257 

0.248 

0.250 

0.344 

0.354 



0.188 

0. 186 

0.24s 

0. 252 




0. 247 jO. 249 

0.339 

0.346 

i 

0.290 

0. 283 

0.281 

0.375 

0.385 

A 

i 

0.386 

0.3730.37s 

0.516 

0.526 



0. 28? 

0.280 

0.370 

0.377 




0.3720.374 

0 sii 

0.518 

i 

0.386 

0.377 

0.375 

0.500 

0.510 

H 

i 

H 

0.4980 500 

0.687 

0.697 



0.376 

0.374 

0.495 

0.502 




0 .i 97 i 0 . A 99 

0.682 

0.689 

f 

H 

0.502 

0.500 

0.625 

0.63s 

H 

i 

li 

0.623j0.625 

0.84410.854 



0.501 

0.499 

0.620 

0.627 




0.622,0.624 

0.839 

0.846 


li 

0.564 

0.562 

0.750 

0.760 

H 

I 


0 7480.750 

1.031 

I 051 



0.563 

0.561 

0.745 

0. 752 




0.7470.749 

1.026 

1.036 

1 


0.68g 

0 687 

0.875 

0 885 

li 

li 

« 

0 873 

0.87s 

1.187 

1.207 



0.688 

0.686 

0.870 

0. 877 




0.872]0.874 

1.182 

1.192 

I 

H 

0.81S 

0.812 

1.000 

1.020 

li 

II 

IA 

0.998|I .000 

1.375 

1-395 



0.814 

0.811 

0.99s 

1 .005 




0 . 997 i 0.999 

1-370 

1.380 

li 


0.878 

0.875 

1,125 

1.14s 

li 

II 

IA 

1.123 

1.125 

1.562 

1.582 



0.877 

0.874 

1.120 

I. T30 




I . 122 

1. 124 

I -557 

1.567 

li 

I* 

1. 103 

1.000 

1.250 

1.270 

il 

II 

IA 

1.248 

1.250 

1.687 

1.707 



I . 102 

0.999 

1.245 

I .255 




1.247 

1.249 1.682 

1.692 

i| 

IA 

I. 128 

I. I 25 !i .375 

1.395^ 

li 

2 

III 

1.373 

1.37S1I.875 

1.89s 



I. 127 

1. 124 

1.370 

1.380 



1 

I. 372 II. 374 II .870 

1.880 

li 

lA 

jl . 128 

1.125 

1.500 

1.520 

li 

2 

in 

1.498:1.500 

2.062 

2.082 



I . 127 

1. 124 

1.495 

I . SOS 




1.497 

1.499 

2.057 

2.067 


iH 

il.378 

1-375 

1.750 

1.770 

2i 

2i 

iH 

1.748 

1.750 

2.375 

2 395 



11-377 

1-374 

I. 745 

1.755 




1.747 

1.749 

2.370 

2.380 

2 

iH 

1.504 

1.500 

2.000 

2.020 

2i 

3 

2 A 

1.997 

2.000 

2.750 

2.770 



1-503 

1.498 

1.995 

2.005 




1.996 

1.998 

2.745 

2.755 

2i 

iH 

I- 7 S 4 

1.750 

2.250 

2,270 

2j 

3 

2 A 

2.247 

2.250 

3.062 

3 082 



1-753 

r .748 

2.245 

2.255 




2.246 

2.248 

3-057 

3 067 

2i 

2A 

2.004 

2.000 

2.500 

2.520 

3 i 

3 i 

2U 

2.497 2.500 

3.437 

3.457 



2.003 

1.998 

2.495 

2.50s 




2.496 

2.498 

3.43213-442 

2j 

2 A 

2.254 

2.250 

2.750 

2.770 

3 | 

3 l 

2U 

2.747 

2.750 

3.750 

3 770 



2.253 

2.248 

2.745 

2.755 




2.746 

2.748 

3-745 

3 .755 

3 

2li 

2.504 

2.500 

3.000 

3.020 

3 l 

4 

3 A 

2.997 

3.000 

4.125 

4.14s 



2.503 

2.498 

2.99s 

3 005 




2.996 

2,998 

4.120 

4.130 

3 J 

2tt 

2.754 

2.750 

3.500 

3.520 

4 i 

4 l 

3 ii 

3.497 

3 500 

4-750 

4.770 



2.753 

2.748 

3.459 

3-505 




3.496 

3 498 

4 .745 

4 755 

4 

3 H 

3-254 

3.250 

3.495 

4.020 

5 l 

5 l 

4 i 

3.997 

4.000 

5.500 

5 520 



3-253 

3.248 

3 995 

4.005 




3.996 

3 998 

5 .495 

5 -SOS 


Foote Brothers. 
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Actuax Cutting Speed of Planers in Feet per Minute 


Forward Cutting 

Return Speed 

IlL ^61 

Minute 

4 to I 

5 to I 

6 to I 

7 to I 

8 to I 

20 

16 

16.66 

17.14 

17-5 

17.76 

25 

20 

20.83 

21.42 

21.87 

22.16 

30 

24 

25- 

25-71 

26.25 

26.56 

35 

28 

29.16 

30 - 

30.62 

31 04 

40 

32 

33-33 

34.28 

35 - 

35-52 

45 

36 

37-5 

38-56 

39-37 

40. 

50 

40 

41.66 

42.84 

43-75 

44.48 

55 

44 

45 83 

47.12 

48.12 

48.9s 

60 

48 

so- 

51.42 

52.50 

53-43 

65 

52 

54 - 

55-70 

56.87 

57-91 

70 


58-33 

60. 

61.25 

62.3 

75 

60 

62.5 

64.28 

66.62 

66.71 


The table shows clearly that a slight increase in cutting speed is 
better than high return speed. A 25-foot forward speed at 4 to i 
return is much better than 8 to i return with 20-feet forward speed. 
Economical planer speeds are given below (Cincinnati Planer Co.). 

Cast Iron roughing . . . 40 to 50 ft.; finishing ... 30 to 40 ft. 

Steel casting and wrought iron roughing 40 to 45 ft.; finishing 30 to 
40 ft. 

Bronze and brass ... 50 to 75 ft.; Machinery steel ... 30 to 

45 ft. 

Allowances for Boltheads and Upsets 
Stock Allowed for Standard Upsets by Acme Machinery Company 


§ in. Upset to f in. Length of Upset, 3 in. Stock required, if in. 
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QUICK WAY OF ESTIMATING LUMBER FOR A PATTERN 

Multiply length, breadth, and thickness in inches together and 
this by 7, pointing off three places. 

Board 8 inches wide, i8 inches long, i inch thick. 8 X i8 X i 
X 7 = i.oo8 square feet. This is .cx^S too much, but near enough 
for most work. Board ij X lo X 36 = 540 X 7 = 3.780. The 
correct answer is 3.75. 


Table Giving Proportionate Weight of Castings to Weight 
OP Wood Patterns 


A Pattern 
Weighing One 
Pound Made of 

(Less weight of 
Core Prints) 

Cast 

Iron 

Brass 

Copper 

Bronze 

Bell 

Metal 

21inc 

Pine or Fir.. 

16 

18.8 

19.7 

19-3 

17 

15-5 

Oak... 

9 

lO.I 

10.4 

10.3 

10.9 

8.6 

Beech ... 

9-7 

10.9 

11.4 

11-3 

I1.9 

9.1 

Linden. 

13-4 

I 5 -I 

16.7 

iS-S 

16.3 

12.9 

Pear. 

10.2 

ii.S 

II .9 

II.8 

12.4 

9.8 

Birch. 

10.6 

11.9 

12.3 

12.2 

12.9 

10.2 

Alder. 

12.8 

14*3 

14.9 

14.7 

15-5 

12.2 

Mahogany ,. 

II.7 

13.2 

13-7 

13-5 

14.2 


Brass. 

0.8$ 

0-95 

0.99 

0.98 

I.O 

0.81 


Degrees Obtained by Opening a Two-foot Rule 


Degrees 

Inches 

Degrees 

Inches 

Degrees 

Inches 

I 

.21 

15 

3.12 

55 

11.08 

2 

.422 

20 

4.17 

60 

12 

3 

•633 

25 

5-21 

65 

12.89 

4 

.837 

30 

6.21 

70 

13-76 

5 

1.04 

35 

7.20 

75 

14.61 

7-5 

1-57 

40 

S.2I 

80 

15-43 

10 

2.09 

45 

9.20 

85 

16.21 

I 4 -S 

3*015 

50 

10.12 

90 

16.97 


Open a two-foot rule until open ends are distance apart given 
in table when degrees given in table can be scribed. Same results 
can be had with two 12-inch steel scales placed together at one end. 


WEIGHT OF FILLETS 

To facilitate the calculations of the weights of the different parts 
of a machine from the drawings, the accompanying table of areas or 
volumes of fillets having radii from A to 3 inches can be used. It 
has been calculated for fillets connecting sides that are at right 
angles to each other. 








WEIGHT OF FILLETS 


93S 


Table of Areas or Volumes of Fillets 


Radius of 

Fillet 
io Inches 

Area or Volume 
of Fillet in Sq. 
or Cubic Inches 

Radius of 

Fillet 
in Inches 

Area or Volume 
of Fillet in Sq. 
or Cubic Inch^ 

A 

.0008 

lA 

.5240 

i 

•0033 

4 

.5667 

A 

.0075 

iH 

.6119 

1 

.0134 

li 

•6572 

A 

.0209 


.7050 

I 

.0302 

4 

•7543 

A 

.0410 


.8056 

i 

•0537 

2 

.8584 

A 

.0678 

2A 

.9129 


.0838 

4 

.9690 

i 

.1013 

2A 

1.0269 


.i?07 

4 

1.0864 

i 

.1417 

2A 

I-I475 


.1643 

2 i 

1.2105 


.1886 

2A 

1.2749 

1 

.2146 

4 

1-3413 


.2423 

2A 

1.4086 

■ i 

.2716 

4 

1.4787 

lA 

.3026 

2 ii 

1.5500 

•1 

•3353 

2 i 

1.6229 

• A 

•3697 

2 li 

1.6869 

ti 

•4057 

4 

1-7739 


•4434 

m 

1.8518 


.4829 

3 

I-9314 


To find the volume of a fillet by this table when the radius and 
length are given, multiply the value in the table opposite the given 
radius by the length of the fillet in inches, and this result multiplied 
by the weight of a cubic inch of the material will give the weight of 
the fillet. 
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LAYING OUT A SQUARE CORNER 

It sometimes happens that we wish to lay out a perfectly square 
corner and have no square of any kind handy. Here is a way that 
requires nothing but a scale or rule, or even a straight stick with¬ 
out any graduations whatever will do. Using this stick, draw a 
line as (in left-hand accompanying figure), and at one end of 
this draw the line BD at any angle. This line must be straight, 
twice as long as AC and of equal length each side of the point C. 
Then, if you join points DABj you have an exact right angle of 
square corner. 

The right-hand accompanying figure is simply another example 
of this, in which the line AC has been drawn at a very different angle 
to show that it works in any position. Joining the ends DAB as 
before also gives an exact right angle. 


A 



Another Method 

Another method is by what is known as the ‘^6, 8, and lo rule.” 
This means that if a triangle has sides in the ratio of 6, 8, and lo, the 
angle is 90 degrees. Lay down a line 6 units long, either inches, feet, 
or yards. Lay off another line 8 units long as nearly right angles as 
possible. Measure across the ends of the two lines and adjust until 
this distance is 10 units, which makes it a right angle. These dis¬ 
tances may be 3, 4, and 5 or 12, 16, and 20, or any combination in 
this ratio. It is largely used in laying out large corners. 



VOLUME OF SPHERES 
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Table Showing Volumes and Radii of Spheres Having 
Capacities of J Pint and Liter and Multiplies 
Thereof 



Volume in 

Radius of 


Volume in 

Radius of 

Pints 

Cubic 

Inches 

Sphere 
in Inches 

Liters 

Cubic 

Inches 

Sphere 
in inches 

0.25 

7.2187s 

1.1989 

0.1 

6.10302 

1.1290 

0.50 

14.43750 

I.5105 

0.2 

12.20604 

1.4280 

0 . 7 S 

21.65625 

I.7291 

0.3 

18.30906 

1.6350 

1.00 

28.87500 

I.9031 

0.4 

24.41208 

I,7910 

1-25 

36.0937s 

2.0501 

0.5 

30.51510 

1.9383 

1.50 

43.31250 

2.178s 

0.6 

36.61812 

2.0600 

1.7s 

50.53125 

2.2934 

0.7 

42.72114 

2.1836 

2.00 

57.75000 

2.3978 

0.8 

48.82416 

2.2673 

2.25 

64.96875 

2.4938 

0.9 

54.92718 

2.3581 

2.50 

72.18750 

2.58.38 

I.O 

61.03020 

2.4424 

2 .75 

79.1062s 

2.6664 

1.1 

67.13322 

2.5213 

3.00 

86.62500 

2.7423 

1.2 

73.23624 

2 .5954 
2.6656 

3.2s 

93.84375 

2.8197 

1.3 

79.33926 

3. so 

loi.06250 

2.8895 

1.4 

85.44228 

2.7322 

3-75 

108.2812s 

2.9566 

IS 

91.54530 

2.7936 

4.00 

IIS.50000 

3.0211 

1.6 

97.64832 

2.8566 

4-25 

122.7187s 

3.0827 

1.7 


2.9149 

4 SO 

129.93750 

3.1420 

1.8 

109.85436 

2.9716 

4.75 

137.15625 

3.1992 

1.9 

115.95738 

3.0252 

5.00 

144.37500 

3.2543 

2.0 

122.06040 

3.0772 

5-25 

ISI .59375 

3.3077 

2.1 

128.16342 

3.1275 

5 SO 

158.81250 

3.3594 

2,2 

134.26644 


5.75 

166.0312s 

3.4095 

2.3 

140.36946 

3.2240 

6.00 

173.25000 

3.4583 

2.4 

146.47248 

3.2700 

6.25 

180.4687s 

3.5056 

2.5 

152.57550 

3.3148 

6.50 

187.68750 

3.5518 

2.6 

158.67852 

3.3584 

6.75 

194.90625 

3 .5967 

1 2.7 

164.78154 

3.4010 

7.00 

1 202.12500 

3.6406 

2.8 

170.88456 

3.4424 

7.25 

209.34375 

3.6834 

2.9 

176.98758 

3.4830 

7.50 

216.50250 

3.7253 

3.0 

183.09060 

3.5226 

7.7s 

223.7812s 

3.7662 

3.1 

189.19362 

3.5613 

8.00 

231.00000 

3.8063 

3.2 

195 .29664 

3.5991 

Volume of sphere — 


3.3 

201,39966 

3.6363 


T « 3.141592 

3.4 

207.50268 

3.6725 


4 ir - 4.18879 

3.5 

213.60570 

3.7082 

I liter -■ 0.2642 U. S. gallon or 

3.6 

219.70872 

3.7432 

1.0568 quarts 


3-7 

225.81174 

3.777s 




3.8 

231.91476 

3.8113 




3 9 

238.01778 

3.844s 




40 

244.12080 

3.8770 
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Capacity of Round Vertical Tanks in U. S. Gallons 
FOR One Foot in Depth 


Dia. of 
Tanks 

Ft. In. 

No. 

U. S. 
Gals. 

Cu. Ft. 

and 
Area in 
Sq. Ft. 

Dia. of 
Tanks 

Ft. In. 

No. 

U. S. 
Gals. 

Cu. Ft. 

and 
Area in 
Sq. Ft. 

Dia. of 
Tanks 

Ft. In. 

No. 

U. S. 
Gals. 

Cu. Ft. 

and 
Area in 
Sq. Ft. 

I 


S.87 

0.78s 

5 

8 

188.66 

25.22 

19 


2120.90 

283.53 

I 

I 

6.89 

0.922 

5 

9 

194.25 

25 .97 

19 

3 

2177.10 

291.04 

I 

2 

8.00 

1.069 

5 

10 

199 92 

26.73 

19 

6 

2234.00 

298.65 

I 

3 

9.18 

1.227 

5 

II 

205.67 

27.49 

19 

9 

2291.70 

306.35 

1 

4 

10.44 

1.396 

6 


211.51 

28.27 

20 


2350.10 

314.16 

I 

S 

11,79 

1.576 

6 

3 

229.50 

30.68 

20 

3 

2409.20 

322.06 

1 

6 

13.22 

1.767 

6 

6 

248.23 

33.18 

20 

6 

2469.10 

330.06 

I 

7 

14.73 

1.969 

6 

9 j 

267.69 

35.78 

20 

9 

2529.60 

338.16 

1 

8 

10.32 

2.182 

7 


287.88 

38.48 

21 


2591.00 

346.36 

1 

9 

17.99 

2.40s 

7 

3 

308.81 

41.28 

21 

3 

2653.00 

354 66 

1 

10 

19.75 

2.640 

7 


330.48 

44.18 

21 

6 

2715.80 

363.OS 

I 

11 

21.58 

2.88s 

7 

9 

352.88 

47.17 

21 

9 

2779.30 

371.54 

2 


23.50 

3 142 

8 


376.01 

50.27 

22 


2843.60 

380.13 

2 

I 

25.50 

3.409 

8 

3 

399 88 

53.46 

22 

3 

2908.60 

388.82 

2 

2 

27.58 

3.687 

8 

6 

424.48 

56.75 

22 

6 

2974 30 

397.61 

2 

3 

29.74 

3-976 

8 

9 

449.82 

60.13 

22 

9 

3040.80 

406.49 

2 

4 

31.99 

4.276 

9 


475.89 

63.62 

23 


3108.00 

415.48 

2 

5 

34-31 

4.587 

9 

3 

502.70 

67.20 

23 

3 

3175.90 

424-.56 

2 

6 

36.72 

4.909 

9 

6 

530.24 

70.88 

23 

6 

3244.60 

433.74 

2 


39-21 

S.241 

9 

9 

558.51 

74-66 

23 

9 

3314 00 

443.01 

2 

8 1 

41.78 

5.58s 

10 


587.52 

78.54 

24 


3384.10 

452.39 

2 

9 

44.43 

5 .940 

10 

3 

617.26 

82.52 

24 

3 

3455.00 

461.86 

2 

10 

47.16 

6.30s 

10 

6 

640.74 

86.59 

24 

6 

3526.60 

471.44 

2 

11 

49.98 

6.681 

10 

9 

678.9s 

90.76 

24 

9 

3598.90 

481. IZ 

3 


52.88 

7.069 

II 


710.90 

95.03 

25 


3672.00 

490.87 

3 

I 

55.86 

7.467 

II 

3 

743.58 

99.40 

25 

3 

3745.80 

500.74 

2 

2 

58.92 

7.876 

II 

6 

776.99 

103.87 

25 

6 

3820.30 

510.71 

3 

3 

62.06 

8.296 

II 

9 

811.14 

108.43 

25 

9 

3895.60 

520.77 

3 

4 

65.28 

8.727 

12 


846.oa 

113-10 

26 


3971.60 

530.93 

3 

5 

68.58 

9.168 

12 

3 

881.6? 

117-86 

26 

3 

4048.40 

541.19 

3 

6 

71.97 

9.621 

12 

6 

918.00 

122.72 

26 

6 

4125.90 

551-55 

3 

7 

75.44 

10 . 08 s 

12 

9 

955.09 

127.68 

26 

9 

4204.10 

562. 

3 

8 

78.99 

10.559 

13 


992.91 

132.73 

27 


4283.00 

572.66 

3 

9 

82.62 

11.045 

13 

3 

1031.50 

137.89 

27 

3 

4362.70 

583.21 

3 

10 

86.33 

11.541 

13 

6 

1070.80 

143 -14 

27 

6 

4443.10 

593.96 

3 

II 

90.13 

12.048 

13 

9 

mo.80 

148.49 

27 

9 

4525.30 

604.81 

4 


94.00 

12.566 

14 


1151.50 

153.94 

28 


4606.20 

615.75 

4 

I 

97.96 

13.09s 

14 

3 

1193.00 

159.48 

28 

3 

4688.80 

626.80 

4 

2 

102.00 

13.635 

14 

6 

1235 30 

165.13 

28 

6 

4772.10 

637.94 

4 

3 

106.12 

14.186 

14 

9 

[1278.20 

1 170.87 

28 

9 

4856.20 

649.18 

4 

4 

110.32 

14.748 

IS 


1321.90 

1 176.71 

29 


4941.00 

660.52 

4 

5 

114.61 

IS.321 

IS 

3 

1366.40 

182.6s 

29 

3 

5026.60 

671.96 

4 

6 

118.97 

IS. 90 

IS 

6 

I4II.50 

188.69 

29 

6 

5122.90 

683 .49 

4 

7 

123.42 

16.50 

IS 

9 

1457.40 

194.83 

29 

9 

5199.90 

695 1 3 

4 

8 

127.95 

17.10 

16 


1504.10 

201.06 

30 


5287.70 

706.86 

4 

9 

133.56 

17.73 

16 

3 

1551.40 

207.39 

30 

3 

5376.20 

718.69 

4 

10 

137.2s 

18.35 

16 

6 

1599.50 

213.82 

30 

6 

546s.40 

730.62 

4 

II 

142.02 

18.99 

16 

9 

1648.40 

220.3s 

30 

9 

SSSS.40 

742.64 

5 


146.88 

19.63 

17 


1697.90 

226.98 

31 


5646.10 

754.77 

S 

I 

151.82 

20. 29 

17 

3 

1748.20 

233.71 

31 

3 

5773-50 

766.99 

S 

2 

156.83 

20.97 

17 

6 

1799 30 

240.53 

31 

6 

5829.70 

779.31 

5 

3 

261.93 

21.6s 

17 

9 

1851.10 

247.4s 

31 

9 

5922.60 

791.73 

5 

4 

167.12 

22.34 

18 


1903.60 

254-47 

32 


6016.20 

804.2s 

5 

5 

172.38 

23.04 

18 

3 

1956.80 

261.59 

32 

3 

6110.60, 

816.86 

5 

6 

177.72 

23.76 

18 

6 

2010.80 

1 268.80 

32 

6 

6205.70 

829.58 

S 

7 

183.1s 

24.48 

18 

9 

206s.50 

1 376.12 

32 

9 

6301.50I 

842.39 


31J Gallons i Barrel 

To find the capacity of tanks greater than the largest given in the table, 
toolf^ in the table for a tank of one-half of the given size and multiply by 4, 
or one of one-third its size and multiply its capacity by 9, etc. 
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HEIGHTS AND WIDTHS OF CIRCULAR SEGMENTS 

The ^ble that follows is computed for circles of i inch diameter. For 
other diameters convert width of flat into corresponding width for i inch 
diameter. Thus a i inch width of flat or chord on a 2 inch diameter circle 
would become J inch on a diameter of i inch. Refer to table and opposite 
0.5000 in column under W, find 0.067 as height of segment—or depth of 
flat—for I inch diameter. Multiply this by 2 inches and get 0.134 inch as 
depth from top of arc, or height from flat to top of circle. 

W ^ 2 VHD - h) h ^ HD - VD'^ - W^) 

Or if a special keyway (not found in Table 38 on page 893) is desired, say a 
key way inch wide in a 4-inch shaft, we find dividing by 4 that we hav’e 
a corresponding flat for i-inch shaft of li divided by 4 or 0.375. In the 
table under W we interpolate between the values for 0.3724 and 0.3772 (a 
difference of 0.0048) and And the corresponding depth would be 0.0365 for 
a i-inch shaft. Multiplying by 4 gives a depth of 0.1460 for drop from top 
of 4-inch shaft. 



Heights and Widths of Circular Segments 


h 

W 

h 

W 

h 

W 

1 h 

IT 

h 

W 

0.001 

0.0628 

0.051 

0.4400 

0. lOI 

0.6027 

i 

0.151 

0.7161; 

0,201 

0.8015 

0.002 

0.0895 

0.052 

0.4441 

0.102 

0.6053 

0.152 

0.7181 

0.202 

0.8030 

0.003 

0 .1095 

0.053 

0.4480 

p. 103.0.6081 

0.153 

0.7200 

0.203 

0.8045 

0.004 

0.1262 

0.054 

0.4519 

p. io4'o.6io6 

0.154 

0.7220 

0.204 

0.8060 

0.005 

0.1412 

o.oss 

0.4561 

0.105 

0.6131 

0.155 

0.7240 

0.205 

0.8074 

0.006 

0.1544 

0.056 

0.4601 

0.106 

0 6167 

0.156 

0.7258 

0.206 

0.8090 

0.007 

0.1668 

0.057 

0.4636 

0.107 

0.6182 

0.157 

0.7278 

0.207 

0.8104 

0.008 

0.1783 

0.058 

0.4677 

0.108 

0.6209 

0.158 

0.7296 

0.208 

0.8117 

0.009 

0.1888 

0.059 

0.4713 

0.109 

0.6234 

0.159 

0.7314 

0.209 

0.8131 

0.010 

0.1990 

0.060 

0.4749 

0. no 

0.6259 

0.160 

0.7331 

0.210! 

0.8146 

O.OII 

0.2087 

0.061 

0.4787 

0. Ill 

0.6284 

0.161 

0 . 73 SI 

0.211 

0.8160 

0.012 

0.2179 

0.062 

0.4822 

0.112 

0.6307 

0.162 

0.7370 

0.212 

0.8175 

0.013 

0.2267 

0.063 

0.4858 

0.113 

0.6336 

0.163 

0.7388 

0.213 

0.8190 

0.014 

0.2349 

0.064 

0.4896 

0. 

0.6356 

0.164 

0.7406 

0.214 

0.8202 

0.015 

0.2431 

0.065 

0.4930 

0.115 

0.6381 

0.165 

p.7425 

0.215 

0.8217 

o.or 6 

0.2509 

0.066 

0.496s 

0.118 

0.6401 

0.166 

'0.7441 

0.216 

0.9230 

0.017 

0.2585 

1O.067 

0.5000 

p. ii7'o.643o! 

0.167: 

0.7461 

0.217 

0.8246 

0.018 

0.2661 

0.068,0.5033 

lo. 118 0.6452 

0. i68| 

0.7480 

0.218 

0.8258 

0.019 

0.2730 

0.069 

0.50671 

p. 119 0.6480 

0.169' 

0.7495 

0.219 

0.8271 

0.020 

0.2801 

b.070|0,5i03| 

0.120 0.6500 

0. i7o| 

0.7513 

0.220 

0.8286 
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Heights and Widths of Circular Segments.— Continued 


h 

W 

h 

W 

h 

W 

h 

W 

h 

W 

0.021 

0.2868 

0.071 

0.5136 

0.121 

0.6525 

0.171 

0.7532 

0.221 

0.8300 

0.022 

0.2935 

0.072 

0.5168 

0.122 

0.6547 

0.172 

0.7548 

0.222 

0.8311 

0.023 

0.3000 

0.073 

0.5203 

0.123 

0.6570 

0.173 

0.7566 

0.223 

0.8326 

0.024 

0.3063 

0.074 

0.5237 

0.124 

0.6591 

0.174 

0.7581 

0.224 

0.8339 

0.025 

0.3121 

0.075 

0.5267 

0.125 

0.661S 

0.175 

0.7600 

0.225 

0.8351 

0.026 

0.3184 

0.076 

0.5300 

0.126 

0.6637 

0.176 

0.7617 

0,226 

0.8364 

0.027 

0.3239 

0.077 

O.S 33 I 

0.127 

0.6660 

0.177 

0.7634 

0.227 

0.8375 

0.028 

0.3300 

0.078 

0.5363 

0.128 

0,6683 

0.178 

0.7651 

0.228 

0.8391 

0.029 

0.3357 

0.079 

0.5395 

0,129 

0.6704 

0.179 

0.7666 

0.229 

0.8404 

0.030 

0.3412 

0.080 

0.5424 

0.130 

0.6728 

0.180 

0.7685 

0.230 

0.8417 

0.031 

0.3466 

0.081 

0.5458 

0.131 

0.6750 

0.181 

0.7700 

0.231 

0.8431 

0.032 

0.3521 

0.082 

0.5488 

0.132 

0.6771 

0.182 

0.7717 

0.232 

0.8443 

0.033 

0,3573 

0.083 

0.5520 

0.133 

0.6792 

0.183 

0.7735 

0.233 

0.8456 

0.034 

0.3624 

0,084 

0.5548 

0.134 

0.6814 

0.184 

0.7750 

0.234 

0.8470 

0.03s 

0.3676 

0.08s 

0.5578 

0.135 

0.683s 

0.185 

0.7766 

0.235 

0.8480 

0.036 

0.3724 

0.086 

0.5606 

0.136 

0,6857 

0.186 

0.7782 

0.236 

0.8493 

0.037 

0.3772 

0.087 

0.5638 

0.137 

0.6897 

0.187 

0.7799 

0.237 

0.850s 

0.038 

0.3824 

0.088 

0,5666 

0.138 

0.6898 

0.188 

0.7815 

0.230 

0.8515 

0.039 

0.3873 

0.089 

0.5695 

lO. 13910.6920 

0.189 

0.7831 

0.239 

0.8530 

0.040 

0.3920 

0,090 

0.5724 

0.140 

0.6940 

0.190 

0.7846 

0.240 

0.8541 

0.041 

0.3966 

0.091 

0.5752 

0.141 

0.6961 

0.191 

0.7862 

0.241 

0.8554 

0.042 

0.40 II 

0.092 

0.5780 

0.142 

0.6982 

0.192 

0.7880 

0.242 

0.8566 

0.043 

0.4060 

0.093 

0.5810 

10.143,0.7000 

0.193 

0.7892 

0.243 

0.8578 

0.44 

0.4102 

0.09410.5838 

0.144 

0.7024 

0.194 

0.7909 

0.244 

0.8590 

0.045 

0.4148 

0.095 

0.5866 

0.145 

0.7042 

0.195 

0.792s 

0.245 

0.8602 

0.046 

0.4190 

0.096 

0.5892 

0.146 

0.7063 

0.196 

0.7940 

0.246 

0.8613 

0.047 

0.4232 

0.097 

0,5920 

0. i47;o. 7080 

0.187 

0.7955 

0.247 

0.8626 

0.048 

0.4276 

0.0^ 

0.5946 

0, I48;o. 7102 

0.198 

0.7971 

0.248 

0.8637 

0.049 

0.4318 

0.099 

0.5974 

0.149 

0.7122 

0.199 

0.7985 

0.2490.8649 

0.050 

0.4358 

0.100 

0.6001 

0.150 

0.7141 

0.200 

0.8000 

0.250 

0.8660 

0.251 

0.8672 

0.301 

0.9174 

0.351 

0.9546 

0.401 

0.9802 

0.451 

0.9952 

0.252 

0.8683 

0.302 

0.9183 

0.352 

0.9552 

0.402 

0.9806 

0.452,0.9954 

0.253 

0.8695 

0.303 

0.9191 

0.353 

0.9558 

0.403 

0.9810 

0.453 0.9956 

0.254 

0.8706 

0.304 

0.9200 

0.354 

0.9565 

0.404 

0.9814 

0.454 0.9958 

0.25s 

0.8718 

0.305 

0.9209 

0.355 

0.9571 

0.405 

0.9818 

0.455,0.9960 

0.256 

0.8730 

0.306 

0.9217 

0.356 

0.9577 

0.406 

0.9822 

0.456 0,9962 

0.257 

0.8740 

0.307 

0.9225 

0.357 

0.9982 

0.407 

0.9826 

0.457 0.9963 

0.258 

0.8750 

0.308 

0.9233 

0.358 

0.9589 

0.408 

0.9830 

0.4580.9965 

0.259 

0.8762 

0.309 

0,9242 

0.359 

0.9594 

0.409 

0.9833 

0.459 0.9966 

0.260 

0.8772 

0.310 

0.9250 

0.360 

0.9600 

0.410 

0.9837 

0.460 

0.9968 

0.261 

0.8784 

0.311 

0.9259 

0.361 

0.9606 

0.411 

0.9840 

0.461 

0.9969 

0.262 

0.8794 

0.312 

0.9266 

0.362 

0.9612 

0.412 

0.9844 

0.462 

0.9971 

0.263 

0.8805 

0.313 

0.9374 

0.363 

0.9617 

0.413 

0.9847 

0.463 

0.9972 

0.264 

0.8816 

0.314 

0,9282 

0.364 

0.9623 

0.414 

0.9851 

0.464 

0.9974 

0.265 

0.8827 

0.31S 

0.9290 

0.365 

0.9629 

0.415 

0.9855 

0.465 

0.9975 

0.266 

0.8838 

0.316 

0.9299 

0.366 

0.9634 

0.416 

0.9858 

0,466 

0.9977 

0.267 

0.8848 

0.317 

0.9306 

0.367 

0.9640 

0.417 

0.9861 

0.467 

0.9978 

0.268 

0.8858 

0.318 

0.931S 

0.368 0.964s 

0.418 

0.9864 

0.468 

0.9979 

0.269 

0.8869 

0.319 

0.9322 

0.3690.9650 

0.419 

0.9868 

0.469 

0.9981 

0.270 

0.8880 

0.320 

0.9330 

0 . 370 j 0 . 96 s 6 

0.420 

0.9871 

0.470 

0.9982 
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Heights and Widths of Circular Segments.— Continued 


h 

W 

h 

W 

h 

W 

h 

W 

h 

W 

0.271 

0.8890 

0.321 

0.9336 

0.371 

0.9661 

0.421 

0.9874 

0.471 

0.99831 

0.272 

0.8900 

0.322 

0.9345 

0.372 

0.9667 

0.422 

0.9877 

0.472 

0.99842 

0.273 

0.8910 

0.323 

0.9352 

0.373 

0.9672 

0.423 

0.9880 

0.473 

0.99854 

0.274 

0.8921 

0.324 

0.9360 

0.374 

0.9677 

0.424 

0.9883 

0.474 

0.99862 

0.27S 

0.8931 

0.32s 

0.9367 

0.375 

0.9682 

0.425 

0.9887 

0.475 

0.9987s 

0.276 

0.8940 

0.326 

0.9375 

0.376 

0.9688 

0.426 

0.9890 

0.476 

0.99885 

0.277 

0.8950 

0.327 

0.9382 

0.377 

0.9693 

0.427 0 0893 

0.477 

0.99894 

0.278 

0.8960 

0.328 

0.8390 

0.378 

0.9798 

0.428 0.9896 

0.478 

0.99904 

0.279 

0.8970 

0.329 

0.9397 

0.379 

0.9703 

0.4290 9898 

0.479 

0.99912 

0.280 

0.8980 

0.330 

0.9404 

0.380 

0.9708 

0.430 

0.9901 

0.480 

0.99921 

0.281 

0.8990 

0.331 

0.9412 

0.381 

0.9713 

0.431 

0.9904 

0.481 

0.99927 

0.282 

0.9000 

|0.332 

0.9420 

0.382 

0.9718 

0.432:0.99071 

0.482 

0.99935 

0.283 

0.9009 

,0.333 

0.9426 

0.38310.9722 

0.433 

0.99101 

0.483 

0.99942 

0.284 

0.9020 

0.334 

0.9432 

0.3«4 

0.9728 

0.434 

0.9913 

0.484 

0.99949 

0.28s 

0.9028 

0.335 

0.9440 

0.385 

0.9732 

0.435 

0.9915 

0.485 

0.99955 

0.286 

0.9038 

0.336 

0.9446 

0.386 

0.9736 

0.436 

0.0918 

0.486 

0.99961 

0.287 

0.9047 

0.337 

0.9453 

0.387 

0.9742 

0.437I0.9920 

0.487 

0.99966 

0.288 

0.9057 

10.338 0.94611 

0.388 

0.9747 

0.438:0.9922 

0.488 

0.99971 

0.289 

0.9066 

10.339 

0.9467 

0.389 

0.9751 

0.43910.9925 

0.489 

0.99976 

0.290 

0.9075 

10.340 

0.9474 

0.390 

0.9755 

0.44010.9927 

0.490 

jO .99980 

0.291 

0.908s 

!o. 34 i 

0.9480 

0.391 

0.9760 

o. 44 i|o .9930 

0.491 

0.99984 

0.292 

0.9094 

:o.342,0.94881 

0.392 

0.9764 

0.442:0.9932 

0.492 

0.99987 

0.293 

0.9103 

0.343 

0.9494 

0.393 

0.9769 

0.443 0.9935 

0.493 0.99990 

0.294 

0.9112 

0.344 

0.9501 

0.394 

0.9773 

0.444|0.9937 

0.494 0.99993 

0.295 

0.9121 

jo.345 

0.9507 

0.395 

0.9777 

0.44510.9939 

0.49510.99995 

0.296 

0.9130 

0.346 

0.9514 

0.396 

0.9781 

0.446 0.9941 

0.496 0.99997 

0.297 

0.9139 

0.347|0.9520 

0.397 

0.9786 

0.447 

0.9944 

0.497jO .99998 

0.298 

0.9147 

0.34810.9527 

0.398 

0.9790 

0.448 0 9946 

0.498,0.99999 

0.299 

'0.9157 

0.349 0.9533 

0.399 

0.9794 

0.449,0.9948 

0.499 0.99999 

0.300 

jo.916s 

0.350 0.9540 

0.400 

0.9798 

0.450^0.9950 

0.500|i .00000 
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Table for Finding Radius of Segments 

Measure width and height of segment 

to find ratio ~ or Then find quo- 

C Chord 

tient in Col. i and opposite in Col. 2 find 
the Chord C for segment of radius i. Multi¬ 
ply this by the width of actual segment for 
the correct radius for that segment. Thus: 

If the width of chord C is 3 inches and 
the height i inch, then J equals 0.333. 
Find this in column i and opposite in 
column 2 read 0.5419. Multiply by 3, 
giving 1.6257 iJ^ch as the radius required 
for the segment. 


h 

C 

Con¬ 

stant 

h 

C 

Con¬ 

stant 

h 

C 

Con¬ 

stant 

h 

C 

Con¬ 

stant 

h 

C 

Con¬ 

stant 

0.010 

12.500 

0.04s 

2.800 

0.080 

1.602 

0.114 

I.1534 

0.149 

0.9134 

O.OII 

11.362 

0.046 

2.740 

0.081 

1.583 

0. IIS 

I.1445 

0.150 

0.9083 

0.012 

10.418 

0.047 

2.681 

0.082 

1.565 

0.116 

1.1362 

0. ISO 

0.9083 

0.013 

9.611 

0.048 

2.628 

0.083 

1.548 

0. Ii7j 

1.1269 

0. ISI 

0.9033 

0.014 

8.846 

0.049 

2.S7S 

0.084 

1.530 

0.118 

1.1182 

0.152 

0.8984 

o.ois 

8.341 

0.050 

2.525 

0.08s 

I.S13 

0.119 

I.1099 

0.153 

0.893s 

0.016 

7.821 

o.osi 

2.476 

0.086 

1.496 

0.120 

I. 1017 

0.154 

0.8887 

0.017 

7.361 

0.052 

2.430 

0.087 

1.481 

0.121 

1.0934 

o.iSS 

0.8839 

0.018 

6.838 

0.053 

3.38s 

0.088 

1.465 

0.122 

1.0856 

0.156 

0.8794 

0.019 

6.581 

0.054 

2.342 

0.089 

1.449 

0.123 

1.1078 

0.IS7 

0.8747 

0.020 

6. 260 

0.055 

2.300 

0.090 

1-434 

0.124 

1.0700 

0.158 

0.8701 

0 021 

5.962 

0.056 

2. 260 

0.091 

1.419 

0. 125 

1.1063 

0.159 

0.8657 

0.022 

5.693 

0.057 

2.221 

0.092 

1.404 

0.126 

r.ossi 

0.160 

0.8613 

0.023 

5.446 

0.058 

2.184 

0.093 

1.390 

0.127 

1.0477 

0.161 

0.8569 

0.024 

5.231 

0.059 

2.148 

0.094 

1.377 

0. 128 

I .0406 

0.162 

0.8526 

0.025 

5.012 

0.060 

2.114 

0.095 

1.363 

0.129 

1.033s 

0.163 

0.8483 

0.026 

4.812 

0.061 

2.080 

0.096 

1.350 

0. 130 

1.0265 

0.164 

0.8441 

0.027 

4.643 

0.062 

2.047 

0.097 

1.337 

0.131 

1.0186 

0. i6s 

0.8401 

0.028 

4.478 

0.063 

2.01S 

0.098 

1.324 

0. 132 

I.0130 

0.166 

0.8360 

0.029 

4.32s 

0.064 

1.96s 

0.099 

1.312 

0.133 

1.0063 

0.167 

0.8320 

0.030 

4.181 

0.065 

1.955 

0.100 

1.300 

0.134 

0.9998 

0.168 

0.8280 

0.031 

4.048 

0.066 

1.94s 



0.135 

0.9935 

0.169 

0.8241 

0.032 

3.922 

0.067 

1.899 

0 . lOI 

1.2871 

0. 136 

0.9871 

0.170 

0.8203 

0.033 

3.804 

0.068 

1.870 

0.102 

1.2763 

0.137 

0.9809 

0.171 

0.8165 

0.034 

3.693 

0.069 

1.846 

0.103 

1.2651 

0. 138 

0.9748 

0.172 

0.8127 

0.035 

3.589 

0.070 

1.821 

0.104 

1.2539 

0.139 

0.9688 

0.173 

0.8091 

0.036 

3.490 

0.071 

1.796 

0 , lOS 

1.2429 

0. 140 

0.9629 

0.174 

0.8054 

0.037 

3.400 

0.072 

1.772 

0.106 

1.2323 

0.141 

0.9570 

0.175 

0.8018 

0.038 

3.308 

0.073 

1.749 

0.107 

I.2217 

0. 142 

0.9513 

0.176 

0.7983 

0.039 

3.224 

0.074 

1.726 

0.108 

1.2114 

0.143 

0.9457 

0.177 

0.7947 

0.040 

3.130 

0.075 

1.704 

0.109 

1.2013 

0.144 

0.9401 

0.178 

0.7912 

0.041 

3.069 

0.076 

1.683 

O.IIO 

1.1903 

0.14s 

0.934s 

0.179 

0.7877 

0.042 

2.997 

0.077 

Z.662 

O.XZZ 

1.1815 

0.146 

0.9292 

0.180 

0.7844 

0.043 

2.928 

0.078 

1.641 

0 . II 2 

1.1720 

0. 147 

0.9238 

0, 181 

0.7811 

0.044 

2.863 

0.079 

1.602 

0.113 

1.1628 

0. 148 

0.918s 

0. 182 

0.7778 
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Table for Finding Radius of Segments.— Continued 


h 

C 

Con¬ 

stant 

h 

C 

Con¬ 

stant 

h 

C 

Con¬ 

stant 

h 

C 

Con¬ 

stant 

h 

c 

Con¬ 

stant 

0.183 

0.7746 

0.232 

0.6548 

0. 282 

0.5843 

0.332 

0.5425 

0.382 

0.5182 

0.184 

0.7713 

0.233 

0.6529 

0.283|0 .s 832 

0.333 

0.5419 

0.383 

0.5179 

0. i8s 

0.7682 

0.234 

0.6514 

0. 28410.5821 

0.334 

0.5412 

0.384 

0.5175 

0.186 

0.7651 

0.235 

0.6494 

0.285 

0.5811 

0.335 

0.5406 

0.385 

0.5172 

0.187 

0.7629 

0.236 

0.6477 

0.286 

0.5801 

0.336 

0.5400 

0.386 

0.5168 

0.188 

0.7590 

0.237 

0.6459 

o. 287 

0.5790 

0.337 

0.5394 

0.387 

0.516s 

0.189 

0.7559 

0.238 

0.6441 

0.288 

0.5780 

0.338 

0.5387 

0.388 

0.5162 

0.190 

0.7529 

0.239 

0.642s 

0. 289 

0.5770 

0.339 

0. 5382 

0.389,0.5158 

0.191 

0. 7500 

0.240 

0.6408 

0. 290 

0.5760 

0.340 

0.5376 

0.390 

0.5155 

0.192 

0.7470 

0.241 

0.6392 

o. 291 

0.S75I 

0.341 

0.5371 

0.391 

0.5152 

0.193 

0.7441 

0.242 

0.637s 

0. 292 

0.5741 

0.342 

0.536s 

0.392 

0.5149 

0.194 

0.7413 

0.243 

0.6359 

0. 293 O.S 73 I 

0.343 

0.5459 

0.393 

0.5146 

0.19S 

0.7386 

0.244 

0.6343 

0.294 0.5721 

|0.344 

0.5354 

0.394 

0.5143 

0.196 

0.7357 

0.245 

0.6327 

0. 295 0.S7II 

I0.345 

0.5348 

;o.39S 

0.5139 

0.197 

0.7330 

0.246 

0.6311 

0. 296,0.5703 

0.346 

0.5334 

|0.396 

0.5137 

0. 198 

0.7307 

0.247 

0.6296 

0. 297 0.5694 

0.347 

0.5337 

0.397 

0.S134 

0.199 

0.7276 

0.248 

0.6280 

0. 298 0.568s 

0.348 

0.5332 

0.398 

0.S131 

0. 200 

0. 7250 

0.249 

0.626s 

0. 209 0.5676 

0.349 0. 5327 

0-399 0-5128 



0.250 

0.6250 

0.300 

0.5666 

0.350,0. 5321 

0,400 

0.512s 

0. 201 

0. 7224 

0.251 

0.623s 

0.301 

0.5658 

0.351 

0.5316 

|0.40i 

0.5122 

0.202 

0.7199 

0.252 

0.6220 

0.302 

0.5649 

0.352 

0.5311 

0.402 

0.5119 

0.203:0.7173 

0.253 

0.620s 

0.303 

0.5641 

10.353 

0.5306 

10.403 

O.SI17 

0.204 0.7147 

0. 254 0.6290 

0.304 

0.5632 

|0.3S4 

0.5302 

>.404 

0.5114 

0.205 

0.7123 

0.255 0.6177 

0.305 

0.5623 

10.355 0.5296 

,0.40s 

o.siii 

0.206 

0.7098 

|o. 256 0.6163 

0.306 

0.5615 

0.3S6jO. 5291 

0.406 

0.5109 

0.207 

0.7074 

1 X 

0. 257 0.6150 

0.307 

0.5607 

0.357 0.5287 

0.407 

0.5106 

0.208 

0. 7050 

0. 258 0.6135 

0.308 

0.5599 

0.358 

0.5282 

0.408 

0. S104 

0.209 

0. 7026 

jo. 259 0.6122 

0.309 0.5590 

0.359 

0. 5277 

0.409 

0.5101 

0.210 

0.7003 

,0.260 0.6108 

0.310 0.5582 

0.360 

0. 5272 

0.410 

0.5099 

0. 2II 

0.6978 

0. 261,0.6094 

0.311,0.5575 

0.361 

0.5268 

0.411 

0.5096 

0.212 

0.6957 

0.262 0.6081 

0.312 0. 5566 

0.362 

0.5263 

0.412 

0.5094 

0.213 

0.6933 

0. 263 0.6066 

0.313 0.5558 

0.363 

0.5258 

0.413 

0.S092 

0.214 

0.6911 

0. 264 0.6054 

0.3140.5551 

0.364 

0.5254 

0.414 

0.5089 

0. 215 

0.6889 

0.265 0.6042 

0.315,0.5543 

0.365 

0.5249 

0.415 

0.5087 

0.216 

0.6867 

0.266 0.6029 

0.316,0.5536 

0.366 

0.5245 

0.416 

0.5085 

0.217 

0.6845 

0.267 0.6016 

0.317 0.5528 

0.367 

0.5241 

0.417 

0.5082 

0.218 

0.6820 

0.268 0.6004 

0.318 0.5S2I 

0.368 

0.5237 

0.418 

0.S080 

0.219 

0.6803 

0. 269 0.5992 

0.319 0.5513 

0.369 

0.5233 

0.419 

0.5978 

0.220 

0.6782 

0. 270|0.5980 

0,320 0.5506 

0.370 

0.5228 

0.420 

0.5076 

0.221 

0.6761 

0.2710.5968 

0.321 

0.5509 

0.371 

0. 5224 

0.421 

0.5074 

0. 222 

0.6740 

0.272 0.SPSS 

0.322 

0.5492 

0.372 

0. 5220 

0.422 

0.5072 

0.223 

0.6720 

0.273 0.5944 

0.323 

0.5485 

0.373 

0. 5216 

0.423 

0.5070 

0.224 

0.6700 

0.274,0..5933 

0.324 

0.5478 

0.374 

0.5212 

0.424 

0.5068 

0.225 

0.6680 

0.275 

0.5920 

0.325 

0.5471 

0.375 

0.5208. 

0.425 

0.5066 

0.226 

0.6660 

0.276 

0.5909 

0.326 

0.5463 

0.376 

0. 520s 

0.426 

0.5064 

0.227 

0.6641 

0.277 

0.5898 

0.327 

O.S 457 

0.377 

0.5201 

0.427 

0.5062 

0.228 

0.6623 

0.278 

0.5886 

0.328 

0.5451 

0.378 

O.S197 

0.428 

0.5061 

0.229 

0.6603 

0.279,0.5875 

0.3290.5444 

0.379 

O.SI92 

0.429 

0.5059 

0.230 

0.658s 

0. 280(0. 5864 

0.330 0.5438 

0.380 

0.5189 

0.430 

0.5057 

0 . 23 X 

0.6566 

0.281 0.5853 

0.331 0 .5431 

0.381 

0.5186 

0.431 

O.SOSS 





938 / SHOP AND DRAWING-ROOM STANDARDS 

Table for Finding Radius of Segments.— Continued 


h 

C 

Con¬ 

stant 

h 

C 

Con¬ 

stant 

h 

C 

Con¬ 

stant 

h 

C 

Con¬ 

stant 

h 

C 

1 "“' 

Con¬ 

stant 

0.432 

0.5054 

0.447 

0.5031 

0.461 

0.50164 

0.4761 

0.50061 

0.491 

0.50009 

0.433 

0.5052 

0.448 

0.5030 

0.462 

0.50156 

0.477 

0.50055 

0.492 

0.50007 

0.434 

0.50S0 

0.449 

0.5029 

0.463 

0.50148 

0.478 

0.50050 

0.493 

0.50005 

0.435 

0.5048 

0.450 

0.5028 

0.464’ 

0.50140 

0.479 

0.50048 

0.494 

0.50004 

0.436 

0.5047 

0.450 

0.50278 

0.465 0.40132 

0.480 

0.50042 

0.495 

0.50003 

0.437 

0.5045 

0.451 

0.50266 

0.466! 

0.50124 

0.481 

0.50037 

0.496 

0.50002 

0.438 

0.5044 

0.452 

0.50255 

0.467! 

0.50116 

0.482 

0.50033 

0.497 

0.50001 

0.439 

0.5043 

0.453 

0.S0244 

0.468 

0.50109 

0.483 

0.50029 

0.498 

0.50000 

0.440 

0.5042 

0.454 

0.50233 

0,46910.50102 

0.484 

0.50026 

0.499 

0.50000 

0.441 

0.5039 

0.45s 

0.50223 

0.47010.50096 

0.485 

0.50023 

0.500 

0.50000 

0.442 

0.5038 

0.456 

0.50213 

0.47110.50089 

0.486 

0.50022 



0.443 

0.5037 

0.457 

0.50203 

0.472I0.50083 

0.487 

0.50021 



0.444 

0.503s 

0.458 

10.50193 

0.47310.50077 

0.488 0.50018 



0.44s 

0.5034 

0.459 

0 .50181 

0.47410.50071 

0.489 0.500151 



0.446 

0.5033 

0.460,0.50174 

i 1 1 

jo.475 |o.50066 

o.49ojo. 50012 





STRENGTH OF PINS 


939 


General Factors of Safety 


Material 

Steady 

Load 

Load Vary¬ 
ing from 
Zero to 
Maximum 
in One 
Direction 

Load Vary¬ 
ing from 
Zero to 
Maximum 
in Both 
Directions 

Suddenly 
Varying 
Loads and 
Shocks 

Cast iron. 

6 

lO 

IS 

20 

Wrought iron. 

4 

6 

8 

12 

Steel. 

S 

6 

8 

12 

Wood. 

8 

lO 

IS 

20 

Brick. 

IS 

20 

2S 

30 

Stone. 

IS 

20 

2S 

30 


Table Showing Shearing Strength of Open-Hearth Steel Pins 
Taken at 7 , 5 cx) Pounds per Square Inch, Cross Section 


Diameter of 

Pin 

Single-Shear 
Strength, Pounds 

Diameter of 

Pin 

Single-Shear 
Strength, Pounds 

i 

828 


18,037 

i 

1,472 

Is 

20,707 

f 

2,301 

2" 

23.565 

i 

3,313 

2i 

26,600 

i 

4,510 

2 i 

29,820 

i" 

S.890 

2| 

33,225 

li 

7.455 

4 

3M17 

li 

9,202 

2| 

40,590 

i| 

11,132 

2j- 

44,550 


13)252 

21 

48,690 

if 

i5)5S5 

3" 

53,010 


Foote Brothers. 











SECTION XIX 

WIRE GAGES AND STOCK WEIGHTS 

Twist Drill and Steel Wire Gage Sizes 

The Twist Drill and Steel Wire Gage is used for measuring the 
sizes of twist drills and steel drill rods. Rod sizes by this gage should 
not be confused with Stubs’ Steel Wire Gage sizes. The difference 
between the sizes of corresponding numbers in the two gages ranges 
from about .0005 to .004 inch, the Stubs sizes being the smaller except 
in the cases of a few numbers where the systems coincide exactly. 


Twist Drill and Steel Wire Gage Sizes 


No. 

of 

Gage 

Dia. 

in 

Inches 

No. 

of 

Gage 

Dia. 

in 

Inches 

No. 

of 

Gage 

Dia. 

in 

Inches 

No. 

of 

Gage 

Dia. 

in 

Inches 

I 

.2280 

21 

.1590 

41 

.0960 

61 

.0390 

2 

.2210 

22 

•1570 

42 

•0935 

62 

.0380 

3 

.2130 

23 

.1540 

43 

.0890 

63 

.0370 

4 

.2090 

24 

.15^0 

44 

.0860 

64 

.0360 

S 

• 2 °SS 

2$ 

• 149 S 

45 

.0820 

65 

•0350 

6 

.2040 

26 

.1470 

46 

.0810 

66 

•0330 

7 

.2010 

27 

.1440 

47 

.0785 

67 

.0320 

8 

.1990 

28 

.1405 

48 

.0760 

68 

.0310 

9 

.i960 

29 

.1360 

49 

0 

q 

69 

.02925 

10 

•1935 

30 

.1285 

50 

.0700 

70 

.0280 

II 

.1910 

31 

. I 200 

51 

.0670 

71 

.0260 

12 

.1890 

32 

.1160 

52 

•0635 

72 

.0250 

13 

.1850 

33 

.1130 

53 

•0595 

73 

.0240 

14 

.1820 

34 

.1110 

54 

•055° 

74 

.0225 

IS 

.1800 

35 

.1100 

55 

.0520 

75 

.0210 

16 

.1770 

3 ^ 

.1065 

56 

.0465 

76 

,0200 

17 

•1730 

37 

.1040 

57 

.0430 

77 

.0180 

18 

.1695 

38 

.1015 

58 

.0420 

78 

.0160 

19 

.1660 

39 

•0995 

59 

.0410 

79 

.0145 

20 

.1610 

40 

.0980 

60 

.0400 

80 

•013s 


STUBS» GAGES 

In using Stubs’ Gages, the difference between the Stubs Iron Wire 
Gaffe and the Stubs Steel Wire Gage should be kept in mind. The 
Stubs Iron Wire Gage is the one commonly known as the English 
Stondard Wire, or Birmingham Gage, and designates the Stubs soft 
wire sizes. The Stubs Steel Wire Gage is used in measuring drawn 
steel wire or drill rods of Stubs’ make and is also used by many 
American makers of drill rods. 


940 




WIRE GAGE SIZES 


941 


DIMENSIONS IN DECIMAL PARTS OP AN INCH 


Number 

of 

Gage 

American 

or 

Brown 

& 

Sharpe 

Birm¬ 
ingham 
or Stubs* 
Iron 
Wire 

Wash- 
bum & 
Moen 
Mfg.Co. 

Trenton 

Iron 

Co. 

Stubs' 

Steel 

Wire 

Impe¬ 

rial 

Wire 

Gage 

Old 

Standard 
for Plate 

000000 






.d 6 d 

.460 

00000 




•450 


.dl 2 








0000 

.46 

•454 

•3938 

.400 


.400 

• 398 

000 

.40964 

.425 

•3625 

.360 


•372 

.368 

00 

.3648 

.380 

.3310 

•330 


•348 

•337 

0 

.32486 

.340 

•3065 

.305 


•324 

.306 

I 

.2893 

.300 

.2830 

•28s 

.227 

.300 

■^757 

2 

•25763 

.284 

.2625 

.265 

.219 

.276 

. 2604 

3 

.22942 

•259 

•2437 

.245 

.212 

.252 

•2451 

4 

.20431 

.238 

.2253 

.225 

.207 

.232 

. 2298 

5 

.18194 

.220 

.2070 

.205 

.204 

.212 

.2145 

6 

.16202 

.203 

.1920 

.190 

.201 

.192 

.1991 

7 

.14428 

.180 

.1770 

.175 

.199 

.176 

.1838 

8 

.12849 

.165 

.1620 

.160 

.197 

.160 

.1685 

9 

•II443 

.148 

•1483 

•145 

.194 

.144 

•1532 

10 

.10189 

.134 

•1350 

.130 

.191 

.128 

•1379 

II 

.090742 

.120 

.1205 

•1175 

.188 

.116 

.1225 

12 

.080808 

.109 

•1055 

.105 

.185 

.104 

. 1072 

13 

.071961 

•095 

.0915 

•0925 

.182 

.092 

.0919 

14 

.064084 

•083 

.0800 

.080 

.180 

.080 

.0766 

IS 

.057068 

.072 

.0720 

.070 

.178 

.072 

.0689 

16 

.05082 

.065 

.0625 

.061 

.175 

.064 

.0613 

17 

.045257 

.058 

0540 

.0525 

.172 

.056 

•0551 

18 

.040303 

.049 

.0475 

.045 

.168 

.048 

.0490 

19 

•03589 

.042 

.0410 

.040 

.164 

.040 

.0429 

20 

.031961 

.035 

,0348 

.035 

.161 

.036 

.0368 

21 

.028462 

.032 

.03175 

.031 

.157 

.032 

•0337 

22 

.025347 

.028 

,0286 

.028 

.155 

.028 

.0306 

23 

.022571 

.025 

.0258 

.025 

.153 

.024 

.0276 

24 

.0201 

.022 

.0230 

.0225 

.151 

.022 

.0245 

25 

.0179 

.020 

.0204 

.020 

.148 

.020 

0214 

26 

.01594 

.018 

.oi8i 

.018 

.146 

.018 

.0184 

27 

.014195 

.016 

.0173 

.017 

.143 i 

.0164 

.0169 

28 

.012641 

.014 

.0162 

.0x6 

.139 

.0149 

•0153 

29 

.011257 

.013 

.0150 

.015 

.134 

.0136 

.0138 

30 

.010025 

.012 

.0140 

.014 ! 

.127 

.0124 

.0123 

31 

.008928 

.010 

-0132 

•013 

.120 

.0116 

.0107 

32 

.00795 

.009 

.0128 

.012 

•II5 

.0108 

.0100 

33 

.00708 

.008 

.0118 

.oil 

.112 

.0100 

.0092 

34 

.006304 

.007 ; 

.0104 

.010 

.110 

.0092 

.0084 

35 

.005614 

.005 

.0095 

.0095 

.108 

.0084 

.0077 

36 

.005 

.004 

.0090 

.009 

.106 

.0076 

.0069 

37 

.004453 



•0085 

•103 

,oo6S 

.0065 

38 

.003965 



.008 

.101 

.0060 

.0061 

39 

•003531 



•0075 

.099 

.0052 

•0057 

40 

.003144 



.007 

.097 

.00^ 

0054 

















































































944 WIRE GAGES AND STOCK WEIGHTS 

STUBS’ STEEL WIRE SIZES AND WEIGHTS 

As stated in the explanatory note regarding Stubs’ Gages at the 
bottom of page 940 the Stubs steel wire gage is used for measuring 
drawn steel wire and drill rods of Stubs’ make and is also used by 
various drill rod makers in America. 


Stubs’ Steel Wire Sizes, and Weight in Pounds per Linear 

Foot 


Letter 
and No. 
of Gage 

Dia. 

in 

Inches 

Weight 

No. of 
Wire 
Gage 

Dia. 

in 

Inches 

Weight 

per 

Foot 

No. of 
Wire 
Gage 

Dia. 

in 

Inches 

Weight 

z 

.413 

.456 

10 

.191 

.098 

46 

.079 

.017 

Y 

.404 

•437 

II 

.188 

•09s 

47 

.077 

.016 

X 

•397 

.422 

12 

.185 

.092 

48 

•° 7 S 

•015 

W 

.386 

•399 

13 

.182 

.089 

49 

.072 

.014 

V 

•377 

.380 

14 

.180 

.087 

50 

.069 

.013 

u 

.368 

.362 

15 

.178 

.085 

51 

.066 

.012 

T 

•358 

•335 

16 

•175 

.082 

52 

.063 

.oil 

S 

•348 

•324 

17 

.172 

.079 

53 

.058 

.009 

R 

•339 

•307 

18 

.168 

•07s 

54 

•055 

.008 

Q 

•332 

• 29 S 

19 

.164 

.072 

55 

.050 

.007 

P 

•323 

.280 

20 

.161 

.069 

56 

.045 

.006 

0 

.316 

.267 

21 

•157 

.066 

57 

.042 

.0047 

N 

.302 

.244 

22 

•155 

.064 

58 

.041 

.0045 

M 

•29s 

233 

23 

•153 

.063 

59 

.040 

.0042 

L 

,290 

.225 

24 

•151 

.061 

60 

.039 

.0040 

K 

.281 

.211 

25 

.148 

•059 

61 

.038 

.0039 

J 

.277 

.205 

26 

! .146 

•057 

62 

.037 

•0037 

I 

•272 

.192 

27 

* -143 

•055 

63 

.036 

•0035 

H 

.266 

.189 

28 

•139 

.052 

64 

•035 

•0033 

G 

.261 

.182 

29 

•134 

.048 

65 

.033 

.0029 

F 

•257 

.177 

30 

.127 

.043 

66 

.032 

.0027 

E 

•250 

.167 

31 

.120 

•039 

67 

•031 

.0026 

D 

.246 

.162 

32 

•115 

•035 

68 

.030 

.0024 

C 

.242 

•159 

33 

.112 

.034 

69 

.029 

.0022 

B 

.238 

.152 

34 

.110 

.032 

70 

.027 

.0020 

A 

.234 

.146 

35 

.108 

.031 

71 

.026 

.0018 

I 

.227 

.138 

36 

.io6 

.030 

72 

.024 

.0015 

2 

.219 

.128 

37 

.103 

.028 

73 

.023 

.0014 

3 

,212 

1 .120 

38 

.101 

.027 

74 

.022 

.0013 

4 

•207 

•IIS 

39 

.099 

.026 

75 

.020 

.0011 

5 

.204 

.III 

40 

.097 

.025 

76 

.018 

.0009 

6 

.201 

.108 

41 

•095 

.024 

77 

.016 

.0007 

7 

.199 

.106 

42 

.092 

.023 

78 

.015 

.0006 

8 

.197 

.104 

43 

.088 

.020 

79 

.014 

.0005 

9 

.194 

.101 

44 

45 

.08s 

.081 

.019 

.018 

80 

•013 

.0004 






WIRE AND SHEET STEEL 


94S 


Music Wire Sizes 


No. of 
Gage 

Diam¬ 

eter 

No. of 
Gage 

Diam¬ 

eter 

No. of 
Gage 

Diam¬ 

eter 

No. of 
Gage 

Diam¬ 

eter 

6-0 

0.004 

8 

0.020 

21 

0.047 

34 

0.100 

5-0 

0.005 

9 

0.022 

22 

0.049 

35 

0.106 

4-0 

0.006 

10 

0.024 

23 

0.051 

36 

0. II2 

3-0 

0.007 

II 

0.026 

24 

0.05s 

37 

0.118 

2-0 

0.008 

12 

0.029 

25 

0.059 

38 

0.124 

0 

0.009 

13 

0.031 

26 

0.063 

39 

0.130 

I 

O.OIO 

14 

0.033 

27 

0.067 

40 

0.138 

2 

O.OII 

15 

0.035 

28 

; 0.071 

41 

0.146 

3 

0.012 

16 

0.037 

29 

0.07s 

42 

0.154 

4 

0.013 

17 

0.039 

30 

' 0.080 

43 

0.162 

5 

0.014 

18 

0.041 

31 

, 0.08s 

44 

0.170 

6 

0.016 

19 

0.043 

32 

0.090 

45 

0.180 

7 

0.018 

20 

0.045 

33 

1 0.095 




Due to the fact that the wire gage of the American Steel Wire 
Company was most extensively used this gage has been recom¬ 
mended by the Bureau of Standards. On this account it has 
seemed best to publish only these sizes, as given above. 


WEIGHT AND APPROXIMATE THICKNESS OF SHEET 
STEEL 

U. S. Standard Gage 

The U. S. gage is a weight and not a thickness gage, being based on 
wrought iron at 0.2778 pounds per cubic inch or 480 pounds per 
cubic foot. The numbers, or gage thicknesses, were to give definite 
weight per square foot, No. oooocx>o being 0.5 inch and wrought iron 
of this gage weighing 20 pounds per square foot. 

Because steel has almost entirely superseded wrought iron 
for sheet use since the U. S. gage was established, the density 
of rolled steel, o. 2833 pound per cubic inch, or 489.6 pounds per cubic 
foot was adopted by the Association of American Steel Manu¬ 
facturers, the A. S. T. M., and approved by the Bureau of Standards. 
The Manufacturers’ Standard Gage now uses 41.82 pounds per 
square foot for steels i inch thick. This gives the table on page 946, 
dated August, 1940. 

Sheets up to and including No. 5, or 0.2145 in, are called “sheets” 
—above this they arc called “plates.” » 

For commercial tolerances see pages 960 to 967. 
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Manufacturers* Standard Gage for Sheet Steel 

Gage-thickness equivalents are based on 0.0014945 inch per 
ounce per square foot; 0.023912 inch per pound per square foot 
(reciprocal of 41.82 lb. per square foot per inch tWk); 3.443329 
inches per pound per square inch. 


Manufac¬ 
turers’ 
Standard 
Gage No. 


Ounces Pounds Pounds Equivalent ^^rers’^" 
per Square per Square per Square for^Steel 

Thickness *^“86 No. 


o.069444 
0.065104 
o.060764 
0.056424 
o.05 2083 
0.047743 
0.043403 
0.039062 


93750 

8.7500 

8.1250 

7.5000 

6.8750 

6.2500 

5.6250 


0.2391 
o.2242 
o.2092 
0.1943 

0.1793 

o. 1644 
0.1495 

0.1345 


0.034722 

0.030382 

0.026042 

0.021701 

0.019531 

0.017361 

0.015625 

0.013889 

0.012153 

0.010417 


5.0000 
4-3750 
3-7500 
3-1250 
2.8125 

2.5000 
2.2500 
2.0000 
1.7500 

1.5000 


0.1196 

0.1046 

0.0897 

0.0747 

0.0673 

0.0598 

0.0538 

0.0478 

0.0418 

0.0359 


0.0095486 
o.0086806 
0.0078125 
o.0069444 
0.0060764 
0.0052083 
0.0047743 
0.0043403 
0.0039062 
0.0034722 


1-3750 

1.2500 
1.1250 
1.0000 
0.8750 
0.7500 
0.6875 
0.6250 
0.5625 
o. 5000 


0.0329 

0.0299 

0.0269 

0.0239 

0.0209 

0.0179 

0.0164 

0.0149 

0.0135 

0.0120 


0.0030382 

0.0028212 

0.0026042 

0.0023872 

O.OO217OI 

O.OOI953I 

0.0018446 

0.0017361 


0.43750 

0.40625 

0.37500 

0.34375 

0.31250 

0.28125 

0.26562 

0.25000 


0.0105 
0.0097 
o. 0090 
0.0082 
0.0075 
0.0067 
0.0064 
0.0060 
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Weights of Aluminum, Brass and Copper Plates 

AMERICAN OR BROWN & SHARPE GAGE 


No. of 
Gage 

Thickness 
in Inches 

Weight in Lbs. per Square Foot 

Aluminum 

Brass 

Copper 

OOOO 

.46 

6.48 

19 688 

20.838 

ooo 

.4096 

5-77 

17-533 

18.557 

oo 

.3648 

5 14 

15-613 

i 6 .S 2 S 

o 

•3249 

4 58 

13 904 

14.716 

I 

.2893 

4.08 

12.382 

13 105 

2 

.2576 

3 63 

II.027 

11.670 

3 

.2294 

3 23 

9.819 

10.392 

4 

-2043 

2.88 

8.745 

9 25s 

S 

. 1819 

2.56 

7.788 

8.242 

6 

. 1620 

2.28 

6 93 S 

7-340 

7 

•1443 

2.03 

6.175 

6.536 

8 

• 1285 

1.81 

5-499 

5.821 

9 

.1144 

1.61 

4.898 

5-183 

lO 

. 1019 

I 44 

4 631 

4.616 

II 

.0908 

1.28 

3.884 

4. no 

12 

.0808 

1.14 

3 458 

3.660 

13 

.0720 

1.01 

3.080 

3.260 

14 

.0641 

•903 

2.743 

2.903 

IS 

•0571 

.804 

2.442 

2 585 

i6 

.0508 

. 716 

2 175 

2.302 

17 

•0453 

.638 

I 937 

2.050 

i8 

.0403 

.568 

1-725 

1.825 

19 

•0359 

.506 

1536 

1.626 

20 

.0320 

•450 

1-367 

1.448 

21 

.0285 

.401 

1.218 

1.289 

22 

•0253 

•357 

r.085 1 

1.148 

23 

.0226 

.318 

.960 

1.023 

24 

.0201 

.283 

.860 

.910 

25 

.0179 

•252 

.766 

.811 

26 

.0159 

.225 

.682 

. 722 

27 

.0142 

. 200 

.608 ! 

•643 

28 

.0126 

.178 

•541 

•573 

29 

.0113 

•159 

.482 

.510 

30 

.0100 

.141 

.429 

•454 

31 

.0089 

.126 

.382 

.404 

32 

.0080 

•I13 

.340 ^ 

.360 

33 

.0071 

. 100 

.303 , 

.321 

34 

.0063 

.0888 

. 269 

.286 

35 

,0056 

.0790 

. 240 

.254 

36 

.0050 

.0704 

•214 

. 226 

37 

.0045 

.0627 

.191 

.202 

36 

.0040 

.0558 

.170 

.180 

39 

! .0035 

.0497 

.151 

.160 

40 

.0031 

.0442 

.135 

.142 
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Sheet-Metal Weig;hts per Square Inch 

The draftsman, or toolmaker at times, has occasion to calculate 
the weights of certain small parts made from sheet stock, particu¬ 
larly in connection with press work; and it is convenient often to 
be able to find directly the weight of materials per square inch 
instead of having to take the square-foot weight, as commonly 
given in tables, and then divide by 144 or, better yet, multiply by 
0.007. 

For this reason the table here, which is compiled for aluminum, 
brass, and copper in American or Brown and Sharpe gage and for 
brass and copper in Birmingham or Stubs^ gage, may be of service. 

This is especially of interest where small, light parts have to be 
figured for weight to determine their operation in relation to other 
parts, that is, where weight and area may have to be adjusted in 
respect to each other. This would apply among other parts to 
certain types of small floating members, liquid control diaphragms, 
and the Uke. 
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Weight per Square Inch for Aluuinttm, Brass, and Copper 


American or ! 

Brown and Sharpe Gage 

Birmingham or Stubs* Gage 

No. 

Gage 

Thick¬ 
ness in 
Inches 

Alumi¬ 

num 

Brass 

Copper 

Thick¬ 
ness in 
Inches 

Brass 

Copper 

0000 

0.46 

0.04s 

0.137 

0.145 

0.4S4 

0.135 

0x43 

000 

0.4086 

0.040 

0.123 

0.129 

0.42s 

0.127 

0.134 

00 

0.3648 

0.036 

0.109 

0.115 

0.380 

0.114 

0.120 

0 

0.3249 

0.033 

0.0973 

0.130 

0.340 

0. lOI 

0.102 

X 

0.2893 

0.028 

0.0866 

0.091 

0.300 

0.089 

0.09s 

2 

0.2576 

0.025 

0.0771 

0.083 

0.284 

0.08s 

0.091 

3 

0.2294 

0.023 

0.068 

0.072 

0.259 

0.077 

0.079 

4 

0.2043 

0.020 

0.061 

0.064 

0.238 

0.071 

0.075 

S 

0.1819 

0.018 

0.054 

0.057 

0.220 

0.06s 

0.070 

6 

0.1620 

0.016 

0.048 

0.051 

0.203 

0.0608 

0.064 

7 

0.1443 

0.014 

0.043 

0.04s 

0.180 

0.0538 

0.057 

8 

0.128s 

0.013 

0.040 

0.042 

0.16s 

0.049 

0.052 

9 

0.1144 

0.0127 

0.034 

0.036 

0.148 

0.044 

0.046 

10 

0.1019 

0.010 

0.032 

0.033 

0.134 

0.040 

0.042 

II 

0.0908 

0.009 

0.027 

0.028 

0.120 

0.036 

0.038 

12 

0.080 

0.008 

0.024 

0.025 

0.109 

0.032 

0.034 

13 

0.0720 

0.007 

0.0215 

0.022 

0.095 

0.028 

0.030 

14 

0.0641 

0.006 

0.019 

0.0205 

0.085 

0.024 

0.0263 

IS 

0.0571 

0.0056 

0.017 

0.018 

0.072 

0.021 

0.0228 

16 

0.0508 

0.005 

0.015 

0.016 

0.065 

0.019 

0.020 

17 

0.0453 

0.0044 

0.0135 

0.0143 

0.058 

0.017 

0.0x8 

18 

0.0403 

0.004 

0.012 

0.0127 

0.049 

0.014 

0.0X5 

19 

0.0359 

0.0037 

0.0107 

O.OII3 

0.042 

0.0x25 

0.0x33 

20 

0.0320 

0.0031 

0.0096 

0.0104 

0.035 

0 0x04 

O.OXIO 

21 

0.0285 

0.0028 

0.0085 

0.009 

0.032 

0.0095 

o.oxcx 

22 

0.0253 

0.0025 

0.0076 

0.0080 

0.028 

0.0083 

0.009 

23 

0.0226 

0.0022 

0.0067 

0.0071 

0.025 

0.0074 

0.0079 

24 

6.0201 

0.002 

0.006 

0.0063 

0.022 

0.0065 

0.0070 

25 

0.0179 

0.0017 

0.0053 

0.0056 

0.020 

0.0059 

0.0063 

26 

0.0159 

0.0016 

0.0047 

0.0050 

0.018 

0.0053 

0.0057 

27 

0.0142 

0.0014 

0.0043 

0.004s 

0.0x6 

0.0047 

0.0050 

28 

0.0126 

0.0012 

0.0037 

0.0041 

0.014 

0.0041 

0.0044 

29 

O.OII3 

0.001I 

0.0033 

0.003s 

0.013 

0.0038 

0.004X 

30 

0.0100 

0.0010 

0.0030 

0.0031 

0.012 

0.0035 

0.0038 

31 

0.0089 

0.0009 

0.0027 

0.0028 i 

0.0X0 

0.0029 

0.0031 

32 

0.0080 

0.0008 

0.0023 

0.0025 

0.009 

0.0026 

0.0028 

33 

0.0071 

0.0007 

0.002J 

0.0022 

0.008 

0.0023 

0.0025 

34 

0.0063 

0.0006 

0.00X2 

0.0020 

0.007 

0.0020 

0.0022 

35 

0.0056 

0.00055 

0.0016 

0.0017 

0.005 

0.00x4 

O.OOIS 

36 

0.0050 

0.0005 

0.0014 

o.oois 

0.004 

O.OOXI 

0.00X2 

37 

0.0045 

0.00043 

0.0013 

0.0014 




38 

0.0040 

0.00039 

0.001I 

0.0012 




39 

0.0035 

0.00034 

0.0010 

O.OOII 




40 

0.0031 

0.0003 

0.0009 

0.00X0 
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Weights of Steel, Wrought Iron, Brass and Copper Plates 

BIRMINGHAM OR STUBS’ GAGE 


No. 

of 

Gage 

Thickness 

in 

Inches 

Weight in Lbs. per Square Foot 

Steel 

Iron 

Brass 

Copper 

OOOO 

•454 

18.52 

18.16 

19-431 

20.556 

ooo 

.425 

17-34 

17.00 

18.190 

19.253 

oo 

.380 

15-30 

15.20 

16.264 

17.214 

o 

.340 

13-87 

13.60 

14-552 

15.402 

I 

.300 

12.24 

12.00 

12.840 

13-590 

2 

.284 

ir-S 9 

11.36 

12-155 

12.865 

3 

•259 

10-57 

10.36 

11.085 

11.733 

4 

.238 

9.71 

9-52 

10.186 

10.781 

5 

.220 

8.98 

8.80 

9.416 

9.966 

6 

.203 

8.28 

8.12 

8.689 

9.196 

7 

.180 

7-34 

7.20 

7.704 

8.154 

8 

.165 

6-73 

6.60 

7.062 

7-475 

9 

.148 

6.04 

5-92 

6-334 

6.704 

10 

.134 

5-47 

5-36 

5-735 

6.070 

II 

.120 

4.90 

4.80 

5-137 

5-436 

12 

.109 

4.45 

4-36 

4.667 

4-938 

13 

.095 

3.88 

3.80 

4.066 

4.303 

14 

.083 

3-39 

3-32 

3-552 

3-769 

15 

.072 

2.94 

2.88 

3.081 

3.262 

i6 

.065 

2.65 

2.60 

2.782 

2.945 

17 

.058 

2.37 

2.32 

2.482 

2.627 

i8 

.049 

2.00 

1.96 

2.097 

2.220 

19 

.042 

1.71 

1.68 

1.797 

1.902 

20 

.035 

1-43 

1.40 

1.498 

1-585 

21 

.032 

I-3I 

1.28 

1.369 

1.450 

22 

.028 

1.14 

1.12 

1.198 

1.270 

23 

.025 

1.02 

1.00 

1.070 

I.132 

24 

.022 

,898 

.88 

.941 

.997 

25 

.020 

.816 

.80 

.856 

.906 

26 

.018 

•734 

.72 

.770 

.815 

27 

.016 

•653 

.64 

.685 

.725 

28 

.014 

•571 

.56 

•599 

.634 

29 

.013 

•530 

•52 

.556 

.589 

30 

.012 

.490 

.48 

.514 

.544 

31 

.010 

.408 

.40 

.428 

453 

32 

.009 

•367 

•36 

•385 

.408 

33 

.008 

.326 

•32 

.342 

.362 

34 

.007 

.286 

.28 

.2996 

.317 

35 

.005 

.204 

•20 

.214 

.227 

36 

.004 

.163 

.16 

.171 

i 

.181 

i ■ 
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Weights of Steel, Iron, Brass and Copper Wire 

AMERICAN or BROWN & SHARPE GAGE 


No. 

DIa. 

1 Weight in Lbs. per 1000 Linear Feet 

Gage 

Inches 

Steel 

Iron 

Brass 

Copper 

0000 

.4600 

566.03 

560-74 

605.18 

640.51 

000 

.4096 

44^*^^ 

444.68 

479-91 

507-95 

00 

.3648 

355-99 

352.66 

380.67 

402.83 
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Weight per Inch of Round Bars of Carbon and High-Speed 
Steel in Pounds per Linear Inch 


Diam¬ 
eter of 
Bar, in 
Inches 

Weight of Bar 

I Inch Long 

Diam¬ 
eter of 
Bar, in 
Inches 

Weight of Bar 

I Inch Long 

Diam¬ 
eter of 
Bar, in 
Inches 

Weight of Bar 

I Inch Long 

Carbon 

Steel 

High¬ 

speed 

Steel 

Carbon 

Steel 

High- 

speed 

steel 

Carbon 

Steel 

High¬ 

speed 

Steel 


A 

0.00087 

0.00098 

2A 

1.33 

1.496 

4 


5 .15 

5 793 

i 

0.0035 

0.0039 


1.39 

1.563 

4 

f 

5.28 

5 940 


A 

0.0078 

0.0088 

2A 

1.46 

1.642 

4 


5.42 

6.097 


: 

0.0139 

0.0156 


I. S 3 

1.721 

5 


5.56 

6.25s 


A 

0.0217 

0.0244 


1.61 

1.811 

5 A 

5-70 

6.412 



0.0313 

0.0352 


1.68 

1.890 

5 i 

5 84 

6.570 


A 

0.042s 

0.0478 

2H 

1.76 

1.980 

5 A 

5 .98 

6.727 



0.0556 

0.0625 


1.84 

2.070 

si 

6 13 

6.896 


A 

0.0703 

0.0791 

2H 

1.92 

2.160 

5 A 

6.27 

7.053 



0.0868 

0.0976 

3 

2.00 

2.250 

5 i 

6.42 

7.222 

i 


o.ios 

0, ir8 

3 A 

2.08 

2.340 

5 A 

6.57 

7.391 



0.125 

0.141 

3 i 

2.17 

2.441 

5 i 

6.72 

7.560 



0.147 

0. i6s 

3 A 

2.26 

2.542 

5 

A 

6.88 

7.740 



0.170 

0.191 

3 i 

2.35 

2.643 

5 

i 

7 03 

7.908 

f 


0.195 

0.219 

3 A 

2.44 

2.745 

5 

H 

7.19 

8 088 

I 


0.22 

0.248 

3 i 

2.53 

2.846 

5 

1 

7.35 

8.268 

i] 

A 

0.25 

0.281 

3 A 

2.63 

2.958 


7.51 

8.448 

I] 


0.28 

0.31S 

3 i 

2.72 

3.060 

si 

7.67 

8.628 


0.31 

0,349 

3 A 

2.82 

3.172 


7.84 

8.820 



0.35 

0.397 

3 ^ 

2.92 

3.28s 

6 


8.00 

9.000 

z 

A 

0.38 

0.427 

3 U 

3 02 

3.397 

61 


8.34 

9.382 

li 


0.42 

0.472 

3 f, 

3.13 

3 521 

6 


8.68 

9.76s 


0.46 

0.517 

3 H 

3.23 

3.633 

6 


903 

10.16 

li 


0.50 

0.562 

3 l 

3.34 

3.757 

6 


9 39 

10.56 

I 

A 

0.54 

0.607 

3 H 

3.45 

3.881 

6 


9.76 

10.98 



0.59 

0.663 

4 

356 

4005 

6 


10.1 

11.36 


i 

0.63 

0.709 

4 A 

3.67 

4.128 

6j 


10.5 

II. 81 

li 


0.68 

0.76s 


3.78 

4.252 

7 


10.9 

12.26 

I 

1 

0.73 

0.821 

4 A 

3.90 

4387 

7 


II .3 

12.71 

t\ 


0.78 

0.877 


4.01 

4-511 

7 


II .7 

13.16 

I 

i 

0.83 

0.933 

4 A 

4 -13 

4.646 

7 


12 . I 

13 61 

2 


0.89 

1.001 

4 l 

4-25 

4.781 

7 


12.5 

14.06 


A 

0.94 

1.057 

4 A 

438 

4.927 

7 


12.9 

14.51 



1.00 

I. 125 

4 i 

4.50 

5.062 

7 i 


13.3 

14.96 


h 

1.06 

1.192 

4 A 

463 

5.208 

7 


13.8 

15.52 

2 \ 


1.13 

1.271 

4 l 

4-75 

5 343 

8 


14.3 

16.08 


h 

1,19 

1.338 

4 tt 

4.88 

S.490 





3 | 


1.25 

1.406 

4 i 

SOI 

S.636 
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Weights of Iron, Brass, and Copper Wire 

BIRMINGHAM OR STUBS' GAGE 


No. 

of 

Gage 

Dia. 

in 

Inches 

1 Weight in Lbs. per 1000 Linear Feet 

Iron 

Brass 

Copper 

oooo 

• 4 S 4 

546.21 

589.29 

623.2 

ooo 

.425 

478.65 

516.41 

546.1 

oo 

.380 

382.66 

412.84 

436.6 

0 

.340 

306.34 

330-50 

349-5 

I 

.300 

238.50 

257.31 

272.1 

a 

.284 

213.74 

230.60 

243-9 

3 

.259 

177-77 

191.79 

202.8 

4 

.238 

I5O.H 

161.95 

171.3 

s 

.220 

I 28. 26 

138.37 

146.3 

6 

•203 

109.20 

117.82 

124.6 

7 

.180 

85.86 

92.63 

97.96 

8 

.165 

72.14 

77.83 

82.31 

9 

.148 

58.05 

62.62 

66.23 

lO 

.134 

47.58 

51-34 i 

54.29 

II 

.120 

38.16 

41.17 

43-54 

la 

.109 

31.49 

33-97 

35-92 

13 

.095 

23.92 

25.80 

27.29 

14 

.083 

18.26 

19.70 

20.83 

x5 

.072 

13.73 

14.82 

15.67 

i6 

.065 

II.19 

12.08 

12.77 

17 

.058 

8.92 

9.62 

10.17 

i8 

.049 

6.36 

6.86 

7-259 

19 

.042 

4.67 

5-04 

5-333 

20 

*035 

3.2s 

3-52 

3.704 

21 

.032 

2.71 

2.93 

3.096 

22 

.028 

2.08 

2.24 

2.370 

23 

.025 

1.66 

1.79 

1.890 

24 

.022 

1.28 

1-39 

1.463 

25 

,020 

1.06 

1.14 

1.209 

26 

.018 

.863 

.926 

.979 

27 

.016 

.680 

.732 

•774 

28 

.014 

.529 

.560 

592 

29 

.013 

.438 

.483 

•5” 

30 

.012 

.382 

.412 

•435 

3x 

.010 

.266 

.286 

.302 

32 

.009 

.212 

.232 

.244 

33 

.008 

.167 

.183 

.193 

34 

.007 

.133 

.140 

.148 

35 

.005 

.066 

.071 

•075 

36 

.004 

.046 

.048 

.05a 
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Weights of Steel and Iron Bars per Linear Foot 


Dia. ot Dis . 
tance Across 


Round 

.010 

.042 

.094 

.167 

.261 

•375 

.667 

.845 

1.043 

1.262 I 

1.502 

1.763 

2.044 

2.347 

2.670 

3.014 

3 - 379 
3.766 

4 - 173 
4.600 

5 - 049 

5 - 5^8 

6.008 

6.520 

7-051 

7.604 

S.iyS 

8.773 

9.388 

10.02 

10.68 
12.06 

13-52 

15-07 

16.69 
18.40 

20.20 
22.07 
24.03 
26.08 

28.20 
30.42 
32.71 
35-09 

37-56 

40.10 

I 42.73 


_ Steel _ 

Weight per Foot 
Square | Hexagon 


_ Iron _ 

Weight per Foot 


Square 

.013 

.052 

.117 

.208 

.326 

.469 

.638 

.833 

I- 0 S 5 

1.302 
1-576 ^ 

I. 875 

2.201 

2.552 

2.930 

3-333 

3-763 

4.219 

4.701 

5.208 

5.742 

6.302 
6.888 
7.500 
8.138 
8.802 
9.492 

10.21 

10.95 

II. 72 
12.51 
13-33 

15-05 

16.88 

18.80 

20.83 
22.97 

25.21 

27.55 

30.00 

32-55 

35-21 

37-97 

40.83 

43.80 

46.88 

50-0S 

53-33 




WEIGHT OF BARS 9SS 


Weights of Brass, Copper and Aluminum Bars per Linear 

Foot 


Dia. or 
Dis* 
tance 
Across 
Flats 

Brass 

Copper 

Aluminum 

Weight per Foot 

Weight per foot 

Weight per Foot 

Round 

Square 

Hexagon 

Round 

Square 

Round 

Square 

iV 

.on 

.014 

.013 

.012 

.015 

•003 

.004 

k 

•045 

•055 

.048 

.047 

.060 

.014 

.018 


.lOO 

•125 

.108 

.106 

•135 

.032 

.041 

i 

•175 

.225 

.194 

.189 

.241 

•057 

.072 

A 

•27S 

•350 

.301 

.296 

•377 

.089 

.114 

i 

•395 

.510 

.436 

.426 

•542 

.128 

.163 

A 

•540 

.690 

.392 

•579 

•737 

• 174 

.222 


.710 

•90s 

•773 

.757 

.964 

.227 

.290 

A 

.900 

I-I5 

.978 

.958 

1.22 

.288 

•367 

i 

1.10 

1.40 

1.24 

1.18 

I-5I 

•356 

•433 

li 

1-3?' 

1.72 

1-45 

1-43 

1.82 

•430 

.548 

1 

1.66 

2.05 

1-73 

1.70 

2.17 

.516 

•652 

ii 

1.8S 

2.40 

2.03 

2.00 

2.54 

.601 

.766 

i 

2.15 

2-75 

2.36 

2.32 

2.95 

.697 

.888 

H 

2.48 

3-iS 

2.71 

2.66 

3-39 

.800 

1.02 

I 

2.85 

3-65 

3.10 

3.03 

3-86 

.911 

1.16 

lA 

3.20 

4.08 

3.49 

3.42 

4-33 

1.03 

I-3I 

i| 

3-57 

4-55 

3-91 

3.81 

4.88 

I-15 

1-47 

I* 

3-97 

5.08 

4.38 

4.27 

5-44 

1.28 

1.64 

li 

4.41 

5-<55 

4.82 

4.72 

6.01 

1.42 

1.81 

lA 

4.86 

6.22 

5-33 

5.21 

6.63 

1-57 

2.00 

If 

S-3S 

6.81 

5-76 

5.72 

7-24 

1.72 

2.19 


5.86 

7-45 

6.38 

6.26 

7-97 

1.88 

2.40 

li 

6.37 

8.13 

6.92 

6.81 

8.67 

2.05 

2.61 

lA 

6.92 

8.83 

7-54 

7-39 

9.41 

2.22 

2.83 

I* 

7.48 

9-55 

8.15 

7-99 

10.18 

2.41 

3.06 

iH 

8.05 

10.27 

8.80 

8.45 

10.73 

2.59 

3-30 

If 

8.65 

II.00 

9.47 

9-27 

11.80 

2.79 

3-55 


9.29 

11.82 

lo.iS 

9.76 

12.43 

2.99 

3-81 

li 

9-95 

12.68 

10.86 

10.64 

13-55 

3.20 

4.08 


10.58 

13-50 

11.68 

II.II 

14.15 

3-41 

4-35 

3 

11.25 

14.35 

12.36 

12.11 

15.42 

3-64 

4.64 

2i 

12.78 

16.27 

13.92 

13.67 

17.42 

4.11 

5-24 


14.32 

18.24 

15-72 

15.33 

19-51 

4.61 

5-87 

2| 

15.96 

20.32 

17-52 

17.08 

21.74 

5-14 

6.54 

2 i 

17.68 

22.53 

19.44 

18.92 

24.09 

5.69 

7-25 


1950 

34.83 

21.24 

20.86 

26.56 

6.27 

7-99 

2i 

21.40 

37.2s 

23.40 

22.89 

29.05 

6.89 

8.53 


23-39 

29.78 

25.82 

25.02 

31.86 

7-52 

9-58 

3 

25-47 

32.43 

27.84 

27.24 

34.69 

8.20 

10.44 

3l 

30.45 

38.77 

32.76 

31-97 

40.71 

9.62 

12.25 

3i 

35-31 

44.96 

37.80 

37.08 

47.22 

II. 16 

14.21 

3l 

40.07 

Si.oi 

43.56 

42.11 

33.61 

12.81 

16.31 

4 

46.12 

58.73 

49-44 

48.43 

61.67 

14.56 

18.56 






Weights of Flat Sizes of Steel in Pounds per Linear Foot 
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Weights of Seamless Brass Tubing per Linear Foot. (| to 2^ outside diameter, nos. i to 25 stubs gage) 


WEIGHT OF TUBING 
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Shelby” Cold-Drawn Seamless Steel Tubing—Round 

(Weight in Pounds per Foot) 
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DECIMAL THICKNESS TABLE FOR SHEET COPPER 

Sheet copper is frequently designated by the weight in ounces 
of a square foot instead of oy its thickness. This table prevents 
the necessity of weighing and measuring. 


Thic:kness of Copper from 3 to 253 Ounces per Square Foot 


Ounces per 
Square Foot 

Decimal Thick¬ 
ness, Inches 

Ounces per 
Square Foot 

Decimal Thick¬ 
ness, Inches 

3 

0.004 

64 

0.083 

4 

0.005 

70 

0.095 

6 

0.008 

81 

0. 109 

8 

0.010 

89 

0.120 

10 

0.013 

100 

0134 

12 

0.016 

no 

0.148 

14 

0.018 

123 

0.165 

16 

0.022 

134 

0.180 

18 

0.025 

151 

0.203 

20 

0.028 

164 

0.220 

24 

0.032 

177 

0.238 

32 

0.042 

193 

0.259 

40 

0.049 

2 II 

0.284 

48 

0.065 

223 

0.300 

56 

0.072 

253 

0.340 

Buffalo, N. Y. 



H. B. Ksllam 


Gages Used in U. S. for Different Material 


Name of Gage 

American Wire or Brown 

& Sharpe. 

Birmingham, or Stub’s 
iron wire. 

Music wire. 

Sheet zinc. 

Steel wire, or Washburn 

Moen. 

Twist drill and steel wire 
U. S. Standard for sheets 
and plates. 


Used for Gaging 

Brass, bronze, copper and other non- 
ferrous wires and sheets 

Telegraph and telephone wire. Also 
to some extent for non-ferrous sheets 
and the wall thickness of tubing. 

Piano and other music wire 

Zinc sheets 

Steel wire except music wire and drill 
rod 

Twist drills and drill rods 

Sheet and plate iron and steel—really 
more of a gage of weight per square 
foot than of thickness 


GAGE AND WEIGHT OF ZINC SHEET 

Sheet zinc rolled in the U. S. is measured by the American Stand¬ 
ard zinc gage. The table is supplied by the Illinois Zinc Company. 
The numbers run opposite to most metal gages, the smaller numbers 
being the thinnest metal. 
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Illinois Zinc Company’s Zinc Gage 


No. 

Lbs. per 
Square 
Foot 

Thickness 
in Inches 

No. 

Lbs. per 
Square 
Foot 

Thickness 
in Inches 




n 

1.68 

0.045 




IfH 

1.87 1 

0.050 




■H 

2.06 

0-055 

6 

0.45 

0.012 

19 

2.25 1 

o.oboyV 

7 

0.52 

0.014 

20 

2.62 

0.070 

8 

0.60 

0.016 

21 

3.00 

0.080 

9 

0.67 

0.018 

22 

3-37 

0.090 

10 

0 - 7 S 

0 

0 

0 

23 

3-75 

0. lOChf^j 

II 

0.90 

0.024 

24 

4.70 

0.125i 

12 

1.05 

0,028 

25 

9.40 

0.25oi 

13 

I . 20 

0.032 

26 

14,00 

0.375? 

14 

135 

0.036 

27 

r 8 . 7 .S 

G.500 

15 

1.50 

0.0405^5 

28 

37 50 

1.000 


TOLERANCES ON COMMERCIAL MATERIALS 

Drill Rod,—Commercial tolerance on ground drill rod is plus or 
minus 0.0005 inch in practically all sizes up to i inch. On special 
order this tolerance can be about cut in half. On cold drawn drill 
rod the tolerance is generally plus or minus 0.001 inch. (Anchor 
Drawn Steel Company.) 

Cold Drawn Seamless Tubing, —Tolerances vary with the size 
of the tube and with the finish. On smaller tubes the O. D. 
tolerance is all plus and the I. D. all minus. Wall tolerance is 
given in percentages. This refers to round tubes. Greater 
tolerances are usually found in rectangular tubes. Details of 
tolerances on cold drawn round tubes of the National Tube Com¬ 
pany are given in Table i, page 961. 








Table i.—Tolerances on Round, Cold Drawn Seamless Mechanical Tubing 


COMMERCIAL TOLERANCES 


961 
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THICKNESS TOLERANCE 

(American Rolling Mill Co.) 

The following tables show the plus or minus variation from 
ordered thickness on sheets ordered by decimal thickness: 


Ordered 

Thickness 

0.250 and thicker.. 

o. 220 to o. 249_ 

o. 190 to o. 219_ 

o. 160 to o. 189_ 

o. 140 to o. 159_ 

o. 120 to o. 139_ 

o. 100 to o. 119_ 

0.080 to 0.099_ 

0.070 to 0.079_ 

0.060 to 0.069_ 

0.050 to 0.059_ 

0.040 to 0.049_ 

0.030 to 0.039- 

Lighter than 0,030 


Ordered 

Thickness 

o. no and heavier 
0.079 to 0.109.. 
0.057 to 0.078.. 
0.045 to 0.056.. 
0.018 to 0.044.. 
0.0125 to 0.017.. 


Permissible Variation from 
Ordered Thickness on All 
Sheets over 42 Inches Wide, 
As Well As All Sheets Rolled 
ON Hand Mills 

. 0.016 

. 0.015 

. 0.014 

. 0.013 

. 0.012 

. O.OII 

. 0.010 

. 0.009 

. 0.008 

. 0.007 

. 0.006 

. 0.005 

. 0.004 

. 0.003 

Permissible Variation from 
Ordered Thickness on All 
Sheets 42 Inches Wide and 
Less Rolled on Continuous 
Mills 

. o.oi 

. 0.007 

. 0.005 

. 0.004 

. 0.003 

. 0.002 


While material ordered by thickness is subject to inspection by 
thickness only, and not by weight, yet it is reasonable to expect 
that over large quantities the average weight will come within the 
weight tolerance for the weight and width of material ordered. 
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WEIGHT TOLERANCE 

When ordered by weight per square feet, sheets shall conform 
to the following tables: 


Permissible Variation from 
Ordered Gage^eight, on Sheets 
42 Inches Wide and Less in 
Percentage of Estimated Weight 


V/rucrcu uriLge VYcigm, 

All of One 
Gage and 
Size in 
Shipment, 

Single 
Package, 
Per Cent 

Single 
Sheet, 
Per Cent 

16 gage and heavier. 

5 • ^ 

7.0 

10.0 

17 to 22 gage, inclusive. 

3 • S 

5.5 

10.0 

2^ sage and lighter. 

2.5 

4.0 

10.0 





Permissible Variation from 
Ordered Gage Weight, on 
Sheets Over 42 Inches Wide, in 
I Percentage of Estimated Weigh 


Ordered Gage Weight 

All of One 
Gage and 
Size in 
Shipment, 
Per Cent 

Single 
Package, 
Per Cent 

Single 
Sheet, 
Per Cent 

16 gage and heavier. 

j 

7.0 

9.0 

12.0 

17 to 22 gage, inclusive. 

5-5 

7.5 

12.0 

23 gage and lighter. 

45 

6.0 

12.0 
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• Thickness in Fractions of an Inch 


Fractions 
of Inch 

Equivalent 
Thickness 
in Decimal 
Points of 
an Inch 

Embrac¬ 
ing the 
Follow¬ 
ing 
Gage 
Ranges 

Average 
Weight per 
Square Feet 
Hot Rolled 
or Cold 
Rolled 
Steel 
Sheets 
Resquared 

Average 
Weight per 
Square Feet 
Hot Rolled 
Sheets Not 
Resquared 

Average 
Weight per 
Square Feet 
Cold Rolled 
Sheets Not 
Resquared 

A 

0.140 

10 

5-7375 

S .^^236 

5.9096 

1 

0. 125 

ir 

5-1 

5 -1765 

5-253 

A 

0. 109 

12 

4.4625 

4.5294 

4.5964 


0.093 

13 

3-825 

3.8824 

3-9398 

A 

0.078 

14 

3-1875 

3.2353 

3-2831 

tIs 

0.070 

IS 

2.86875 

2.9118 

2.9548 

A 

0.0625 

16 

2.55 

2.5883 

2.6265 

tIu 

0.056 

17 

2.295 

2.3294 

2.3639 

A 

0.050 

18 

2.04 

2.0706 

2.1012 

riff 

0.043 

19 

I - 785 

I .8118 

I.8386 

A 

00375 

20 

1-53 

1.5530 

1-5759 


0.034 

n 

1.4025 

1.432s 

1.4446 

A 

0.0312 

22 

1.275 

I.2941 

I.3133 

rfu 

0.028 

23 

1.1475 

1.1647 

I.1819 

A 

0.025 

24 

1.02 

1.0353 

I.0506 

jIv 

0.021 

25 

0.8925 

0.9059 

0.9193 

rfff 

0.018 

26 

0.765 

0.7765 

0.7880 

bA 

0.017 

27 

0.70135 

0. 7118 

0.7223 

A 

0.0156 

28 

0-6375 

0.6471 

0.6566 

1 


Commercial Tolerances 

Latrobe Electric Steel Company furnish tool bits for lathe, 
planer, or similar tools to a tolerance of plus or minus 0.006 inch. 
On special shapes hot rolled up to i inch, round or square, the toler¬ 
ance is plus, or minus 0.008 inch. Over i inch the tolerance is 
plus or minus 0.012 inch. Cold drawn steel is furnished up to f 
inch round or square with a tolerance of plus or minus 0.001 inch. 
On larger sizes me tolerance is 0.002 inch. 

Tolerances of Brass and Copper Tubing (Wolverine Tube 

Co.) 



Varicrtion in 

Woill 

Varicrtion in 
Length 

Variation in 
Coiled Lengths 

UP TO ‘/2" .0020" 
•/i" •* 3/4- .0025" 
V - 1" .OOiO' 

1* « I'// .0035" 
IVV » I'h" .0040' 
lyi • fV .0045" 

UP TO .oie-.ooi" 

.019” .035-.002" 

.036" « .109-.003" 

.110" • .I06'-.OO4" 

UP TO 6 FEET''/32'' 

6 . 01 ” »• 8 * - Vie" 

8.01" »' 10 - W 

lO-OMNDLONOER-Ve" 


1 Alt Tolerances.Plus or Minus ] 
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Commercial Tolerances on Steel Balls 

(Hoover Steel Ball Company) 


Grade and Size 


Spherical 
Within, 
in Inches 


Sizes i to i}jj inches: 

Grade No. i chrome steel balls (formerly micro chrome grade). 
Grade No. 2 chrome steel balls (formerly standard grade).... 

Grade No. 3 chrome steel balls (formerly “A” grade). 

Hardware grade chrome steel balls. 

Sizes 2 to 2j inches; 

Grade No. i chrome steel balls (formerly micro chrome grade). 
Grade No. 2 chrome steel balls (formerly standard grade). . . 

Grade No. 3 chrome steel balls (formerly “A” grade). 

Hardware grade chrome steel balls. 

Sizes 3 inches and larger: I 

Grade No. i chrome steel balls (formerly micro chrome grade). 
Grade No. 2 chrome steel balls (formerly standard grade).... 

Grade No. 3 chrome steel balls (formerly “A” grade). 

Hardware grade chrome steel balls. 

I up to inch. 

Stainless steel balls, diameter: < U to 2 inches. 

lover 2 inches. 

Brass and bronze balls. 

Monel metal balls. 


0.000025 

0.00005 

0.0002 

0.001 

0.00005 
o 0002 
o 0005 
0.001 

0.00005 

0.0002 

0.0005 

0.001 

0.0001 

0 0001 

0.0002 

0.0002 

0.0002 


Commercial Tolerances 

Special-Accuracy Screw Stock 

This screw-stock quality is suitable for requirements of extreme 
accuracy and polished finish, furnished within a tolerance of 0.0005 
inch plus or minus. Sizes range from VV up to ij inches. 

Piston-Rod Stock 

Where work calls for shafting true to round, precise in size, 
straight and free from surface imperfections, this stock is suitable. 
It is especially suited for all close work in pump building. This 
shafting runs from exact size to not more than 0.002 inch undersize. 
Ordinary sizes run from } to if inches diameter. 
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Tolerances for Hot-Rolled Steel—Rounds, Squares, 
Hexagons 


Size, in Inches 
Up to and including i 
Over i, up to and including i 
Over I, up to and including 2 
Over 2, up to and including 3 
Over 3, up to and including 5 
Over 5, up to and including 8 


Variation 
Under 0.007 Over o. 007 


Under 0.010 
Under t't 
Under ^ 
Under ^ 
Under A 


Over 0.010 
Over 

Over A 
Over 
Over 


Tolerances of Cold-Drawn Steel 

Cold-drawn steels can be used economically in much machine 
construction. Close tolerances are held so that further finish is 
frequently unnecessary. The Union Drawn Steel division of the 
Republic Steel Company gives these tolerances on round bars: 
^ to I inch, —0.002 inch; ij* to 2 inches, —0.003 inch; over 2 
inches, —0.004 inch. 

Other shapes, such as squares, flats, and hexagons, are held con¬ 
centric within 0.001 inch on bars up to i inch. Irregular sections 
that require no machining of the contour except cutting-off can be 
used to save machining time. 
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Manufacturing Tolerances 
(Jos. T. Ryerson and Son) 

Cold-Finished Steel Bars (Bessemer and Open-Hearth Screw Stock 
and Special Open-Hearth Specifications, 0.50 Per Cent Carbon 
and Less) 


Diameter, in Inches 

Variation in 

Rounds and 
Hexagons 

size, in Inches 

Squares 

Under 

Over 

Under 

Over 

Up to 0.3 inclusive. 

0.002 

0 

0.003 

0 

Over 0.3 to I inclusive. 

0.003 

0 

0.004 

0 

Over I to 2i inclusive. 

0.004 

0 

8 

0 

0 

Over 2^ to 6 inclusive. 

0.005 

0 

0.006 

0 


Thickness, in Inches 

Flats, in Inches 

Up to li Inches 
Wide 

Over Inches 
Wide 

Under 

Over 

Under 

Over 

Up to 0.3 inclusive. 

0.003 

0 

0.005 

0 

Over 0.3 to I inclusive. 

0.004 

0 

0.005 

0 

Over I to 2i inclusive. 

0.005 

0 

0.006 

0 

Over 2^ to 4 inclusive. 



0.007 

0 

Over 4 to 6 inclusive. 



0.010 

0 


The tolerances on flats apply to thickness as well as width 


For Shafting 



Under, 
in Inches 

Over 

Up to I inch inclusive. 

0.002 

0 

Over I to 2 inches inclusive. 

0.003 

0.004 

0.005 

0 

0\’’er 2 to 4 inches inclusive. 

0 

Over 4 to 6 inches inclusive. 

0 
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HORSE-POWER, BELTS, AND SHAFTING 

Horse-Power 

Horse-power is an arbitrary unit of measurement which has been 
adopted for measuring the work of engines or machines. It is 
given as 33,000 foot pounds per minute which means i pound lifted 
33,000 feet per minute or 33,000 pounds lifted i foot per minute or 
330 pounds lifted 100 feet per minute, or any combination which 
gives 33,000 foot pounds per minute. 

Steam Engine Horse-Power 

In a steam engine it means the ejffective steam pressure per 
square inch, times the length of piston movement per revolution in 
feet, times the piston area in square inches, times the number of 
revolutions per minute, and all divided by 33,000. This is easily 
remembered by the formula 

FLAN 

33,000 

where P — mean effective pressure per square inch. 

L — length of a double stroke in feet. 

A = area of piston in square inches. 

N = number of revolutions per minute. 

Electrical Power 

As compared with electrical units the mechanical horse-power 
equals 746 watts or nearly } of a kilowatt, so that a kilowatt (1,000 
watts) equals 1.34 horse-power. 

Gas Engine Horse-Power 

The A.L.A.M, rating for gasoline engines, which means the rating 
adopted by the American Licensed Automobile Manufacturers, 
is based on the assumption that the piston speed is i,o<^ feet per 
minute in all cases. This gives 1,500 revolutions per minute for a 
4-inch stroke motor, which is about average practice. Since the 
defeat of the Selden patent, the A.L.A.M. has ceased to exist, and 
the standard is now known as the S.A.E. standard (Society of 
Automotive Engineers). 
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S.A.E. (A.L.A.M.) Horse-Power Rating 


The formula adopted is 


D^XN 

2-5 


and is based on 1,000 feet per 


minute piston speed. D is the cylinder bore, N the number of 
cylinders, and 2.5 a constant based on the average view of the 
Mechanical Branch as to a fair conservative rating. 


Table i.—Horse-Power for Usual Sizes of Motors, Based 
ON S.A.E. (A.L.A.M.) P'ormula 


Bore 

Horse-Power 

Ins. 

M/M 

I Cyl. 

2 Cyls. 

4 Cyls. 

6 Cyls. 

8 Cyls. 

2 h 

64 


5 

10 

15 

20 

2t 

68 

2i 

si 

II 

i6| 

22 

4 

70 

3 

6 

12A 

i8| 

24A 

2 i 

73 

3A 

6i 

i3i 

19I 

26i 

3 

76 

3i 

7 i 

I4| 

216 

281 

3i 

79 

3H 

7k 

is! 

23A 

3ii 

3} 

83 


8i 

r6A 

25? 

33? 

3t 

85 

sA 

9i 

i8t 

27i 

36i 

3| 

89 

4A 

9f 

igf 

291 

39l 

3f 

92 

5i 

loi 

2oi 

3ii 

40^ 

3 i 

95 

sf 

iii 

22I 

33» 

45 

3 i 

99 

6 

12 

24 

36A 

48 

4 

102 


124 

25f 

3H 

Sif 

4i 

los 

6k 

I3f 

27 i 

40A 

544 

4i 

108 

7i 

I4i 

28 A 

431 

57 t 


To simplify reading of the above, the horse-power figures are 
approximate, but correct within one-sixteenth. 


Table of Piston-Ring Data 

The accompanying table, while not official, is complied with to a 
great extent in the machinery division of the United States navy 
yard, Boston, Mass. The sizes run very close to the average make 
of rings found in the commerciaPand naval engines of small cylinder 
bore. 

This table is adaptable to ordinary snap rings that are to be 
rough-turned and bored, cut and drawn together, and finished to 
the diameter of the cylinder. 
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Table 2.—Piston-Ring Data 


Diameter 
of Cylin¬ 
der, In. 

Rough-turn 
Diameter 
of Ring, In. 

Rough-bore 
Diameter 
of Ring, In. 

Amount to 
Cut Out, In. 

Width of 
Ring, In. 

Thickness 
of Ring, 
In. 

2 

2i 

ij 


i 

i 

i 

3 

3 A 


f 

A 

A 

A 

^4 

4 A 

3< 


A 

i 

A 

5 

sA 

4 H 

it 

A 

A 

6 

6 i 

Si 


1 

f 

i 

7 

7 A 

Hi 

¥ 

A 

A 

8 

8 A 

7 i 


A 

i 

A 

9 

10 

lof 

81 

9^ 


1* 

t 

t* 

12 




A 

li 

A 

14 

I 4 i 

131 


t 

} 

i 

16 




i 

t* 

A 

18 

isl 


• 

i 

i 

I 

20 

22 

2oii 

22% 

19] 

20\ 


I 

li 

I 

f 

24 

24 }l 

22: 



\t 

ii 

30 

3°i 

28 


1* 

t* 

36 

36H 

33i 

2 

li 

it 


This covers general requirements on gasoline and steam engines. 

HORSE-POWER RATINGS FOR FLAT LEATHER BELTS 

Prepared by Lloyd H. Skougor, research engineer under tiie 
auspices of the American Leather Belting Association, the following 
horse-power rating tables for oak-tanned flat leather belting is a 
correlation of carefully measured test and field data. The values 
given in Table 3 do not represent peak-load ratings but are based on 
proper tensions and factors of safety. When these values are cor¬ 
rected with the factors in Tables 4 and 5, a properly designed drive 
will result. It is to be realized that conditions exist which may not 
be covered by these tables and exceptions must be made in those 
instances. When belt speeds are above 6,000 feet per minute, these 
tables do not apply, and a leather belting manufacturer should be 
consulted. Gravity idler and pivoted motor drives with the tight 
side of the belt next to the pivot point are considered as having 
25 foot centers in determining a correction factor for center distance 
from Table 3. For pivot-base drives, where the tight side of the belt 
is away from the pivot poirit, do not use these tables, but consult a 
leather belting manufacturer. 

To Find Width of Belt Required. —Divide nameplate reading of 
the prime mover, or the nominal load, by values in Tables 3, 4, and 
5. Width of ]^U * nominal load 4 - (value from Table 3 X cor¬ 
rection factor from Table 4 X product of all correction factors 
•dected from Table 5). 
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Table 3.—Horse-Power per Inch of Width 




Single Ply 

Double Ply 

Triple Ply 

Belt Speed, 








Feet 


tt 

a 

n 

H 


it 

per Minute 







Medium 

Heavy 

Light 

Medium 

Heavy 

Medium 

Heavy 


600 

I. I 

1.2 

IS 

1.8 

2.2 

2.5 

2.8 


800 

1.4 

1-7 

2.0 

2.4 

2.9 

3.3 

36 

1,000 

1.8 

2.1 

2.6 

3.1 

3-6 

4-1 

45 

1 

,200 

2.1 

2.5 

3.1 

3.7 

4-3 

4 9 

54 


,400 

2.5 

2.9 

3 5 

4-3 

4.9 

5.7 

6.3 


,000 

2.8 

3.3 

4.0 

4.9 

5.6 

6.S 

7.1 

1,800 

32 

3-7 

45 

5.4 

6.2 

7.3 

8.0 

2,000 

35 

4.1 

4-9 

6.0 

6.9 

8.1 

8.9 

a 

,200 

3 9 

45 

54 

6.6 

7.6 

8.8 

9.7 

2,400 

4.2 

4 9 

S 9 

7.1 

8.2 

9-5 

10.4 

2,600 

4-5 

5 3 

6.3 

7.7 

8.9 

10.3 

II .0 

2,800 

4-9 

5.6 

6.8 

8.2 

95 

II .0 

12 . I 

3.000 

5.2 

5.9 

7.2 

8.7 

10.0 

II .6 

12.8 

3.200 

5-4 

6.3 

7.6 

9.2 

10.6 

12.3 

13.5 

3.400 

5.7 

6.6 

7.9 

9.7 

II. 2 

12 9 

14.2 


,600 

59 

6.9 

8.3 

10.1 

II .7 

13 4 

14.8 

3,800 

6.2 

7.1 

8.7 

10.5 

12.2 

14.0 

IS 4 

4,000 

6.4 

7.4 

9.0 

10.9 

12.6 

14 s 

16.0 

4.200 

6.7 

7.7 

9.3 

II .3 

13.0 

ISO 

16 .5 


.400 

6.9 

7.9 

9.6 

II .7 

13.4 

IS .4 

16.9 

4,600 

7.1 

8.1 

9.8 

12.0 

13.8 

15.8 

17.4 

4,800 

7.2 

8.3 

10 . I 

12.3 

14. I 

16.2 

17.8 

5,000 

7.4 

8.4 

10.3 

12 .5 

14 3 

16 .5 

18.2 

5,200 

7.5 

8.6 

10.5 

12.8 

14.6 

16.8 

18.5 

5.400 

7.6 

8.7 

10.6 

12.9 

14.8 

17.1 

18.8 

5,000 

7.7 

8.8 

10 8 

13 - I 

ISO 

17.3 

19 0 

5,800 

7.7 

8.9 

10.9 

13.2 

IS I 

17-5 

19.2 

6,000 

7.8 

. . ..... 

8.9 

10.9 

13 2 

15-2 

17.6 

19.3 


Belts 

under 

8 inches 

3 

5 

6 

8 

12 

20 

24 

gl 

wide 








^ a 









B'u 









S V 

Belts 

5 

7 

8 

10 

14 

24 

30 


8 inches 








•S ctf 

aa 

and 

over 









These are the minimum allowable pulleys for the above 
thickness belts. 
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To Find Horee-Pow^r Rating of a Belt —Multiply belt width by 
values in Tables 3, 4, and 5. Horse-power rating = width of belt, 
in inches, X horse-power transmission capacity per inch of width 
from Table 3 X correction factor from Table 4 X product of all 
correction factors selected from Table 5 . 


Table 5.—Service Correction Factors 


Atmospheric condition 

Clean, scheduled maintenance i. 2 

Normal l.o 

Oily, wet or dusty 0 . 7 

Angle of center line 

Horizontal to 60 deg. from horizontal i. 0 

From 60 to 75 deg. trom horizontal o.g 

From 75 to 90 deg. from horizontal 0. 8 

Pulley material 

Fibre on motor and small pulleys i. 2 

Cast iron or steel r. 0 

Service 

Temporary or intermittent i. 2 

Normal i.o 

Important or continuous 0.8 

Peak loads 

Light, steady load such as: steam engines, 
steam turbines, Diesel engines, and multi¬ 
cylinder gasoline engines i. 0 

Jerky loads, reciprocating machines such as: 
normal starting torque squirrel-cage 
motors, shunt wound D. C. motors, and 
single cylinder gasoline engines 0.8 

Shock and reversing loads, full voltage start 
such as; wound rotor (slip ring) motors, 
synchronous motors 0.6 


Table 6.—Thickness Specifications for Flat Leather Belting 

(Approved and adopted by American Leather Belting Association) 


Medium, single ply, 
Ji in. average 
Heavy, single ply, H 
in. average 


Light, double ply, H 
in. average 

Medium, tfouble ply, 
US inch average 
Heavy, double ply, 
inch average 


♦Medium, triple ply, 
13 inch average 
♦Heavy, triple ply, SI 
inch average 


“All thicknesses in this table are average thickness 
in inches, and should be determined by raeasuri^ 
20 coils and dividing this total by the number of coils 
measured. In rolls of belting containing less than 
20 coils, the average thickness should be determined 
by measuring all the coils in the roll. Allowable 
tolerances for all thicknesses plus or minus Ath in. 
from above averages.” 


Uniformity: No i)oint in single belting shall be 
more than A inch thicker or more than A mch 
thinner than the average thickness- With doubles, 
the tolerances shall be A inch thicker or thinner 
than the average. 


♦ Triple ply: These are averages for general usage. Most triple ply belts 
are usually constructed for particular drive conditions. Toierances for 
Sini^e and PoubU Ply Bdts do ncA apply. 
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Texrope Drive 

The Texrope drive was originated and developed by Allis- 
Chalmers Manufacturing Company and consists of a driving and 
driven sheave, grooved for a multiplicity of belts of trapezoidal cross 
section, for transmitting power with a reduction in speed from i: i 
up to 7:1 ratio. Power is transmitted by the wedging contact 
between the Texrope belts and the V-shaped grooves. 

Five different cross-section sizes are made endless for various 
lengths to accommodate various center distances and a range of 
horse-power capacities as follows: 


^ Table 7.—Data for Texrope Drive 


Size of Texrope, 
Inches 

Minimum 
Recom¬ 
mended 
Diameter 
of Small 
Sheave, 
Inches 

Horse-power 
at 1,000 
F.P.M. Belt 
Velocity 

Horse-power 
at 4,000 
F.P.M. Belt 
Velocity 

Horse-power 

Range 

\ by H 

4 

0.9 

2.8 

i tos 

ttby A 

6 

1.2 

4.2 

2 to 25 

1 by H 

9 

3.0 

9.0 

15 to 100 

It by 1 

13 

5-5 

17.S 

50 to 250 

ij by I 

22 

7*5 

23.5 

100 to 350 


Data of table copyrighted 1926, 1928, by Allis-Chalmers Manufacturing 
Company. 


Sheaves somewhat larger than the minimum given are recom¬ 
mended. This drive will run in either direction and with the slack 
side on either top or bottom, or in a horizontal or vertical position. 
It requires no lubrication and gives a flexible drive. 

BELT FASTENINGS 

The best fastening for a belt is the cement splice. It is far 
beyond any form of lacing, belt hooks, riveting, or any other 
method of joining together the ends of a belt. The cement joint is 
easily applied to leather and to rubber belts, but to make a good 
cement splice in a canvas belt requires more time and apparatus 
than are usually at hand. Good glue makes a fine cement for leather 
belts, and fish glue is less affected by moisture than the other. 
Many of the liquid glues are fish glue treated with acid so as not 
to gelatinize when cold. A little bichromate of potash added to 
ormnary Hot glue just before it is used will render it insoluble in 
water. Both lap and wedge joints are used. 

Belt Hooks 

There are many styles of belt hooks in use, some of the more 
common kinds being ^own in Figs, x, 2 , 3 , and 4 * Figure 2 is prac- 
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tically a double rivet. Figure 3 is a malleable iron fastening, 
although similar hooks have been made of pressed steel. Figure 4 
is the Blake stud, which has the advantage of not weakening the belt 
but makes a hump on the outside where the ends turn up. Figure 5 
is the Bristol hook of stamped steel which is driven in and the points 


<LJ) 

isax 





'A : X 
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Fig. 7 Fig, 8 Fig. 9 Fig. 10 

Figs, i to 10,—Belt Hooks and Lacings 


turned over on the other side. Figure 6 is the Jackson belt lacing 
and is applied by a hand machine which screws a spiral wire across 
the ends of a belt. These are then flattened, and a rawhide pin or a 
heavy soft cord used as a hinge joint between them. These joints 
are probably equal to 90 per cent of the belt strength. 

Lacing Belts 

Belts fastened by lacing are weakened according to the amount 
of material punched out in making the holes to receive the lacing. 
It is preferable to lace with a small lacing put many times througn 
small holes. Such a joint is stronger than a few pieces of wide lacing 
through a number of large holes. Figures 7 and p illustrate two 
forms of belt lacing, the latter being far preferable to the other. 
The lacing shown by Fig. 7 is in a double leather beit 5 inches wide. 
The width makes no difference as the strength is fibred in percent¬ 
age of the total width. There arc four holes in this piece of belt, 
each hole 4 inch in diameter. The aggregate width thus cut out 
of the belt 18 4 X 1 inch * -V ■■ inches. Then 1.5 4- 5 « 0.30, 










976 HORSE-POWER, BELTS, AND SHAFTING 

or 30 per cent of the belt has been cut away—nearly one-third of 
the total strength. Figure 8 is the other side of Fig. 7. 

In Fig. 9 a different method is followed. Instead of there being a 
few large holes, there are more smaller ones—one-fourth more, in 
fact. There are five holes, each inch in diameter, making a 
total of inch or 0.9375 X 5 = 18J per cent, leaving 8ii per 
cent of the total belt strength against 70 per cent in the belt with 
large holes. A first-class double leather belt will tear in two under 
a strain of about 500 pounds to each lace hole, the strain being 
applied in the holes by means of lacings. 

The belt shown by Fig. 9 has 8ii per cent of 1.875 square inches 
of section or 1.525 square inches left after cutting out the five holes. 
This amount is good for 3,000 X 1.875 = 5,625 pounds breaking 
strain, and as the lacing will tear out under 2,500 pounds, it will be 
seen that we cannot afford to use lacings if the full power of the 
leather is to be utilized. This, under a factor of safety of 5, would 
be 1,125 pounds to the square inch, or 1,125 X 1.525 = 1,715 
pounds working strain for the belt or 1,715 -r- 5 = 343.5 pounds to 
each lace. This, too, is too much, as it is less than a factor of safety 
of 2. 

The belt to carry 40 pounds working tension to the inch of width 
must also carrj^ about 40 pounds standing tension, making a strain 
of 80 pounds to the inch, or 80 X 5 =* 400 pounds. This is a better 
showing, and gives a factor of safety of 2,500 -r 400 = 6i. Still, 
we are wasting a belt of 5,625 pounds ultimate strength in order to 
get from it 400 pounds working strain. This means a factor of 
safety of over 14 in the body of the belt but of only 6i at the lacing, 
which shows the advantage of a cement splice. 

Figure 10 shows a method sometimes used to relieve the lace holes 
of some of the strain. Double rows of holes are punched, as at a 
and 6, and the lacing distributed among them. As far as helping the 
strength of the belt is concerned, this does nothing, for all the stress 
put upon the belt by the lacing at c must be carried by the belt sec¬ 
tion at a; therefore, this way of punching holes does not increase the 
section strength. Neither does staggering the holes as shown at d 
and e. The form of hole-punching shown at a, ft, and c is desirable 
for another reason. It distributes the lacing very nicely and does 
not make such a lump to thump when it passes over the pulleys. 

ALIGNING SHAFTING BY A STEEL WIRE 

A steel wire is often used for aligning shafting by stretching it 
parallel with the direction of the shaft and measuring from the shaft 
to the wire in a horizontal direction. This steel wire can also be 
used for leveling or aligning in a direction at right angles to the 
other, by making vertical measurements, if it is stretched under 
established conditions, and if the sags at the points of measurement 
are known. The accompanying table gives tne sags in inches from a 
truly level line passing through the points of support of the wire, 
at successive points beginning 10 feet from the reel and spaced 10 
feet apart for a No. 17 Birmingham^ gage, high-grade piano wire, 
stretcfied with a weight of 60 pounds, wound on a reel of a minimum 
diameter of inches, and, for total distances between the reel and 
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point of support of the wire, varying by increments of lo feet from 
40 to 280 feet. Thus a wire of any convenient length, of the kind 
indicated can be selected, so long as this length is a multiple of 10 
feet and between the limits specified. The table gives the sags 
from a truly level line at points 10 feet apart for its entire length 
when it is stretched under the conditions designated. These sags 
being known, direct measurements can be made to level or align 
a shaft by vertical measurements. 

Table 8.—Sags of a Steel Aligning Wire for Shafting 


Distance In Feet, from Reel to Point of Measurement 



The method was originally developed for aligning the propeller 
shafts of vessels, but it is equally serviceable for semifiexible shaft> 
ing, as factory line shafts. 

Speed of Shafting 

Line-shaft speed varies with machinery it drives. Probably 250 
r.p.m. is an average today, with cases of 400 revolutions per minute, 
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even on 4-inch shafts, and 600 to 700 revolutions per minute on 
2-inch shafts for high-speed machinery. 


Table 9.—Horse-Power of Steel Shafting 
FOR Line-Shaft Service 


K 

Revolutions per Minute 

i a 

li 

100 

US 

ISO 

17s 

300 

335 

250 

300 

350 

400 

ill 


a-4 

3.1 

3.7 

4.3 

4.9 

s.s 

6.1 

7.3 

8.5 

9.7 

6.8^ 

7.2* 



a 

6.4 

lO.I 

7.4 

11.7 

8.5 

13-4 

9.5 

15.1 

10.5 

16.7 

12.7 

30.1 

14.8 

23-4 

16.9 

26.8 


10.0 


X5.0 

17.5 

30.0 

33.5 

35.0 

30.0 

35.0 

40.0 

8,3^ 

14.3 

27.8 

31.4 

24-9 

38.5 

32.1 

35.6 

43.7 

40.8 

68.2 

57.0 

78.0 

HI 

aA 

19.S 

34.4 

29-3 

34.1 

39-0 

44.1 

48.7 

65.0 

sf.s 

9.6* 

aij 

36.0 

32-5 

39.0 

43.S 

<3.0 

67.5 

58.5 

78.0 

87.0 

X04.0 

lo.r 

ail 

33-8 

43.3 

50.6 

64.4 

S9.1 

75-9 

84.4 

101.3 

1x8.2 

135.0 

10.8* 

3 A 

430 

53.6 

75.1 

85.8 

96.6 


138.7 

150.3 

171.6 

11.41 

3A 

53-6 

67.0 

79.4 

93-8 

107.3 

130.1 


158.8 

187.6 

214.4 

12.(r 


65.9 

83.4 

97.9 

1154 

131.8 

148.3 

z6.).8 

195.7 

230.7 

243.6 

12.5^ 

sif 

80.0 

100.0 

120.0 

X40.0 

160.0 

180.0 

300.0 

340.0 

280.0 

320.0 

.... 


113.9 

143.4 

170.8 

199.3 

337.8 

356.3 

284.7 

itl^ 

633.9 

398.6 

455.6 

625.0 

. • •• 

411 

156.3 

195-3 

234.4 

273.4 

312.S 

351.5 

390.6 

546.8 

• • •. 

51 

307.9 

360.0 

311.9 

363.9 

415.9 

459-9 

607.5 

520.0 

737.9 

830.0 

X080.0 


6 

370.0 

337.5 

405.0 


S40.0 

686.S 

675.0 

8x0.0 

945.0 

.... 



429.0 

S14.9 

772.4 

858.0 

1029.0 

X30X.0 

1372.0 

.... 

1 

5359 

800.0 

643.1 

,960.0 

750.3 

847.5 

964.7 

1071.9 

1286.0 

1500.0 

1695.0 

.... 

040.0 

1x26.0 

1380.0 

1 

1440.0 

2600.9 

1920.0 

3340.0 

2560.0 

.... 


This table is based on the formula 


For heavier work use 


D^XR 

80 


M - 


X R 
100 


For head and jack shafts, supported by bearings close to main 
sheave or pulley so as to prevent transverse strain, the following 
formula may be used with safety: 

.r D^XR 
M -- 


where D * diameter of shaft in inches. 

R * number of revolutions per minute, 

M =» horse-power. 

Deflection of shafting from weight of pulleys and pull of belting 
should not be allowed in excess of 0.001 inch per foot, as this action 
adds very rapidly to the power cost. If this deflection is at a clutch 
or deeve or roller bearing, any of them may be ruined easily and 
quickly. It can be reduce by using more hangers- 
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SPEEDS OF PULLEYS AND GEARS 

The fact that the circumference of a pulley or gear is always 
3.1416 or 3^ times the diameter makes it easy to figure speeds by 
considering only the diameter of both driver and driven pulleys. 
Belting from one 6-inch pulley to another gives the same speed to 
both; but if the driving pulley is 16 inches and the driven pulley 
only 4 inches, it is clear that the small pulley will turn 4 times for 
every turn of the large pulley. If this is reversed and the small 
pulley is the driver, the large pulley will make only one turn for 
every four of the small pulley. The same rule applies to gears if 
the pitch diameter, and not the outside diameter, is taken. The fol¬ 
lowing rules have been arranged for convenience in finding any 
desired information about pulley or gear speeds. 


Having 


To Find 


Rule 


Diameter of Driving Pulley 
Diameter of Driven Pulley 
Speed of Driving PuUey 


Diameter of Driving Pulley 
Speed of Driving PuUey 
Speed of Driven PuUey 


Diameter of Driving PuUey 
Diameter of Driven PuUey 
Speed of Driven PuUey 


Diameter of Driven Pulley 
Speed of Driven Pulley 
Speed of Driving jPuUey 


Speed of Driven Pulley 


Diameter of Driven PuUey 


Speed of Driving PuUey 


Diameter of Driving PuUey 


Multiply Diameter of 
Driving PuUey by its 
Speed and divide by 
Diameter of Driven 
PuUey. 

Multiply Diameter of 
Driving PuUey by its 
Speed and Divide 
by Speed of Driven 
PuUey. 

Multiply Diameter of 
Driven PuUey by its 
Speed and Divide by 
Diameter of Driving 
PuUey. 

Multiply Diameter of 
Driven PuUey by its 
Speed and Divide 
by Speed of Driving 


The rules given above apply equally well to a number of pulley 
belts together or to a train of gears if all the driving and all the 
driven pulley diameters and speeds are grouped together. 

TABLES OF CIRCUMFERENTIAL SPEEDS 

The tables on pages ^80-983, which give circumferential speeds, 
can be used for obtaining gear and belt speeds and the speed of 
revolving parts of high-speed motors.^ 

For diameters greater than those given in the tables, the speeds 
can be obtained by adding together the speeds for ^two diameters 
whose sum equals that of the diameter for which we require the 
speed. For example, to find the speed at a 120-inch diameter and 
200 revolution per minute, the following calculation is readily made: 

Speed for xoo-inch diameter—5.236 feet. 

Speed for 20-incb diameter— 1.047 feet. 

Speed for lao-inch diameter—6,283 feet. 
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Table 10.—Circumferential Speeds in Feet per Minute 

{See page 979) 
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Table 10.—CmcuMTERENTiAL Speeds in Feet per Minute.— 
Continued 
{See page 979) 


Revolutions per Minute 




SO 

100 

ISO 

200 

250 

300 

350 

400 

450 

500 

550 


SI 

668 

1335 

2003 

2670 

3338 

4006 

4673 

S.341 

6,008 

6.676 

7,343 


52 

681 

1361 

2042 

2723 

3403 

4084 

4764 

5,445 

6,126 

6,807 

7.487 


S3 

694 

1388 

2081 

2775 

3469 

4163 

4856 

5,550 

6,244 

6,038 

7.631 


54 

707 

1414 

2121 

2827 

3534 

4241 

4948 

5,655 

6,362 

7,069 

7,775 


55 

720 

14^ 

2160 

2880 

3600 

4320 

5040 

5,760 

6,480 

7.199 

7,919 


50 

733 

1466 

2199 

2932 

366s 

4398 

S131 

S.864 

6,597 

7,330 

8,063 


57 

746 

1492 

2238 

298s 

3731 

4477 

5223 

5,969 

6.715 

7461 

8.207 


S8 

759 

1518 

2278 

3037 

3706 

4555 

5314 

6.074 

6,833 

7,592 

8,351 


59 

772 

1545 

2317 

3089 

3862 

4634 

5406 

6,178 

6,951 

7.723 

849s 


60 

785 

1571 

2356 

3142 

3927 

4712 

5498 

6.283 

7,069 

7.854 



61 

799 

1597 

2395 

3194 

3992 

4791 

5589 

6,388 

7,186 

7,985 

8.783 


62 

812 

1623 

2435 

3246 

4058 

4870 

568 X 

6,493 

7,304 

8,116 

8.927 


63 

825 

1649 

2474 

3299 

4123 

4948 

5773 

6,597 

7,422 

8,247 

9,071 


64 

838 

1676 

2513 

3351 

4189 

5027 

5864 

6,702 

7,540 

8,378 

9,215 


55 

851 

1702 

2552 

3403 

4254 

5105 

5956 

6,807 

7,658 

8.508 

9,359 


66 

864 

1728 

2592 

3456 

4320 

5184 

6048 

6,912 

7,775 

8,640 

9.503 


67 

277 

1754 

2631 

3508 

438s 

5262 

6139 

.7,016 

7.893 

8,770 

9,647 


68 

B90 

17^ 

2670 

3590 

4451 

5341 

6231 

7,121 

8,011 

8,901 

9,791 


69 

903 

1806 

27x0 

3613 

4516 

5419 

6322 

7,226 

8,129 

9,032 

9,935 


70 

016 

1833 

2749 

3O65 

4581 

5498 

6414 

7,330 

8,247 

9,163 

10,079 


71 

929 

1859 

2788 

3718 

4647 

5576 

6506 

7,435 

8,36s 

9.294 

10,223 

c 

72 

943 

1885 

2827 

3770 

4712 

5655 


7,540 

8,482 

9.42s 

10,367 

•fi 

73 

959 

19x1 

2867 

3822 

4778 

5733 

6689 

7,644 

8,600 

9,556 

10,511 


74 

969 

1937 

2906 

387s 

4843 

5812 

6781 

7,749 

8,718 

9,687 

10,655 

■B 

75 

982 

1964 

294s 

3927 

4909 

5890 

6872 

7,854 

8,836 

9,8x8 

10,796 


76 

995 

1990 

3985 

3979 

4974 

5969 

6964 

7.959 

8,954 

9,948 

10,943 

S 

7Z 

10^ 

20 X6 

3024 

4032 

5040 

^48 

7056 

8,063 

9,072 

10.079 

11,087 

g 

78 

1021 

2042 

3063 

4084 

5105 

6x26 

7147 

8,168 

9.189 

10,210 

11,231 

.1 


1034 

2068 

3102 

4130 

S171 

620s 

7239 

8,273 

9,307 

10,341 

11,375 


80 

10 A 7 

2094 

3143 

4x89 

5236 

6283 

7330 

8,378 

9,425 

10472 

11,519 


81 

1060 

2I2X 

3181 

4241 

S30X 

6362 

7422 

8,482 

^.543 

10,603 

11,663 


82 

1073 

2X47 

3220 

4294 

5367 

6440 

7514 

8,587 

9,660 

10.734 

11,807 


83 

1087 

2173 

3259 

4340 

5432 

6519 

760s 

8,692 

9,778 

10,865 

11.951 



zxoo 

2199 

3299 

4398 

5498 

6597 

7697! 

8,797 

9,896' 

10,996 

12,090 


85 

1x13 

2225 

3338 

4451 

5563 

6676 

7789 

8,901 

10,014 

11,127 

12,235 


86 

1126 

2251 

3377 

4503 

5629 

6754 

78^ 

gfioO 

10.132 


12.383 


§7 

1139 

2278 

3417 

4555 

5694 

6833 

7972 

9,1X1 

XO,249 

11,3^ 

12,527 


88 

1152 

2304 

3456 

4607 

5760 

6012 

8063 

9,215 

10,367 

11,5x9 



89 

Xx6i 

2330I 

3495 

4660 

5825 

6^ 

8x55 

9,320 

10,485 

11,650 



90 

1178 

2356 

3534 

4712 

5891 

7069 

8247 

9,425 

10,003 

11,780 



91 

XIQI 

2382 

3574 

476s 

5956 

7147 

8338 

9,530 

IO,72X 

XX ,91 a 



02 

1204 

2408 

3613 

4817 

6021 

7226 

8430 

9,634 

10,839 

12,043 



93 

1217 

2435 

3652 

4870 

6087 

7304 

8522 

9,739 

10,956 

12,174 



94 

1231 

246 X 

3692 

4922 

6x52 

7383 

8613 

9,844 

IX,074 

12,305 



95 

1244 

2487 

3731 

4974 

62x7 

7461 

8704 

9,948 

IX.X92 

12,436 



96 

1257 

2513 

3770 

5027 

6283 

7540 

8796 

10,053 

11,310 

t2,s66 



97 

1270 

2539 

3809 

S079 

6349 

7618 

8888 

io,xs8 

XX428 




98 

1283 

2566 

3849 

5131 

6414 

7697 

8980 

20,263 

II.S4S 




99 

1296 

2592 

3888 

5x83 

6480 

7775 

9071 

20,367 

XX.663 




100 

1309 

26x8 

3927 

5236 

6545 

7854 

9x63 

10,47a 

11,781 





982 



■aqonj n; J9)anre}Q 








































3,770 4 ,o 84 4,398 4,7ia 5 , 0*7 S, 34 X S,6SS 5,969 6,283 6,91a 

3,927 4.254 4.581 4,909 5,236 5,563 5.891 6,218 6,545 7,200 

4,084 4,424 4,764 5,105 5,445 S.786 6,126 6,466 6,807 7,487 

4,241 4,594 4.948 5401 5,655 6,008 6,362 6,715 7,069 7,775 
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To interpolate, we can use the values given for speed for i- to 
lo-inch diameters, dividing them by 10, 100, 1,000, etc., to obtain 
speeds for tenths, hundredths, thousandths, etc. For instance, if 
the speed for 550 revolutions per minute and 46.186-inch diameter 
is required, we proceed as follows: 


For 46 in. diameter.speed » 6,623 ft. 

For o.i in. diameter = ^ of i-in. diameter speed -* 14.4 ft. 

For 0.08 in. diameter = tio of 8-in. diameter speed * 11.5 ft. 

For 0.006 in. diameter « 1^0 of 6-in. diameter speed « 0.9 ft. 

For 46.186 in. diameter.speed *= 6,650 ft. 


SELECTING MOTORS FOR MACHINE TOOLS 
Alternating-Current Motors 

Squirrel-Cage Motors. —These are, in general, similar to shunt- 
wound direct-current motors, except that no speed regulation is 
possible. The applications for which thejr are suitable are the 
same. These motors have starting torques .approximately 150 to 
175 per cent of full load with full voltage applied. 

The design of modern squirrel-cage motors is such that full- 
voltage starting is satisfactory without injury; and the only limita¬ 
tion to starting on full voltage is the starting-current limit of the 
power companies. Above 5 horse-power the starting currents are 
such that most power companies require reduced-voltage starters. 
The use of such starters necessarily reduces the starting torque, 
since this torque varies as the square of the applied voltage. For 
instance, using the 80 per cent tap of a compensator gives only 
64 per cent of the starting torque at full voltage. 

^uirrel-Cage. High-Reactance Motors. —These motors are 
available in two* forms—high starting torque and normal starting 
torque—both having starting currents within the usual power 
company limits. Because of this feature, they can be used with 
across-the-line starters, rather than reduced-voltage starters, above 
5 horse-power, with a consequent saving in both space and cost. 

Motors with high starting torque have a starting torque 
^proximately 250 per cent of full load with full voltage applied. 
Tne slip at full load is practically the same as for the standard 
squirrebcage motor. They are, therefore, not suitable for punch 

E resses and flywheel machinery unless the machine operates at a 
irge number of work strokes per minute. 

Usually the starting torque is higher than is necessary for a 
machine tool, which, as a rule, starts light. There may be some 
instances requiring heavy starting torque (such as conveyors or 
line shafting) for which these motors are admirably adapted. 

Motors with normal starting torque have a starting torque at 
jpull voltage approximately equivalent to a standard squirrel-cage 
motor when used on the 8o per cent compensator tan. Likewise, 
as statea above, the starting currents are low. Consequently, 
this type of motor is suitable for use on the majority of machine- 
tool applications. 

Sqiwel-Cage, High-Resistance-Rotor Motors. —Where heavy 
starting duty is required, or heavy loads of short duration are 
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encountered, as in flywheel presses, squirrel-cage motors with high- 
resistance rotors are recommended. 

These motors have a higher slip than standard motors, which 
means that full-load speed will be 10 to 12 per cent below synchro¬ 
nous speed, instead of 4 or 5 per cent as obtained on standard motors. 
When such motors are used with flywheel machines, the increased 
slip allows the flywheel to deliver a greater amount of energy 
before the motor is carrying full load. The use of these motors 
on such machines is limited to where the work strokes are less 
than 25 per minute. This is evident from the fact that with more 
strokes than this the time interval between strokes is insufficient 
to allow the motor to restore the necessary energy to the flywheel. 

Wound-Rotor Motors. —Alternating-current motors with exter¬ 
nal secondary resistance are used in a manner similar to compound- 
wound, direct-current motors. They are used where some speed 
regulation is necessary and, under these conditions, correspond to 
adjustable varying speed (armature-control) direct-current motors 
since the current consumed in the resistance to reduce the speed is 
wasted. These motors are not recommended for speed reductions 
of more than 50 per cent as their operation is unstable below that. 
The speed also changes with each change in load. Because of this 
characteristic, these motors are not suitable for speed control on 
machine tools since the load varies over a wide range. By inserting 
a permanent resistance in the secondary, these motors can be used 
on large presses, etc., and will operate in a manner similar to high- 
resistance-rotor motors. The use of the external resistor reduces 
the heating of the motor, since the heat is generated in the resistor 
away from the motor. With the squirrel-cage motor, the heat 
is all in the motor itself. 

Variable and Mtflti-Speed Motors. —It is difficult to obtain as 
wide a speed range with alternating-current motors as with direct 
current. The nearest approach to this is the commutator-t)^e 
brush-shifting motor which gives a speed range of 3: i by shifting 
brushes. These motors are rated on a constant-torque basis and 
are not particularly suitable for machine-tool applications, princi¬ 
pally because they must be rated at basic speed, which results in a 
large and expensive machine. Their characteristics are similar 
to a shunt motor in that the speed, when set, remains practically 
the same for all loads. 

Squirrel-cage motors can be so designed by bringing out extra 
leads that two, three, or four speeds can be obtained by regrouping 
the coimections. Such motors can be used on tools requiring 
several speeds provided the motor speeds, with or without a gear 
box, will be sufficient for the service. Where only two-phase 
service is available, standard three-phase multi-speed motors and 
autotransformers are recommended. Where the two phases are 
symmetrically interconnected, autotransformers cannot be used, 
and transformers having separate primary and secondary are 
necessary. 

Direct-Current Motors 

Shunt-Wound Motors.—These are applicable for drivw 
demanding constant load and where fairly close speed regulation is 
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required. They should also be used where adjustable-speed motors 
are necessary. In general, they should be used on all machine 
tools which remove metal by means of a cutting tool or abrasive. 
They are also applicable to punch presses and flywheel loads where 
the actual work strokes are 25 per minute or more. Under these 
conditions the flywheel cannot slow down and then store up enough 
energy between strokes, and the motor must carry the load. 
Rotary shears should also be supplied with shunt motors. 

Compound-Wound Motors.—These motors should not be used 
for adjustable-speed service but are suitable for adjustable varying 
and so-called constant” speeds. They are applicable to drives 
demanding high torque peaks, or comparatively high slip, which 
includes machines which form or bend metal, such as bending rolls, 
shears (except rotary), presses where the actual work strokes are 
less than 25 per minute, etc. These motors are also used where 
heavy starting duty is required, as for instance, cross rail and tool 
traverse. 

Series-Wotmd Motors.—This type of motor is used where high 
torque or high slip is demanded ana where high speed at light load 
is not objectionable. Such motors should always be positively 
connected to their loads. 

Adjustable Varying-Speed Motors.—These are motors in which 
speed regulation is obtained by inserting resistance in series with the 
armature circuit. Under these conditions the speed reduction at 
any load depends upon the torque requirements of the motor at that 
particular load, and the speed may vary over a considerable range 
for any setting. This is a wasteful method, in that energy must be 
absorbed in the external resistor. However, such applications as 
bending rolls require this arrangement. 

Another method of speed regulation is by means of “adjustable- 
speed’^ motors. In these motors the speed change is obtained by 
varying the motor field current. This method is more economical 
than the former and has the further advantage that much wider 
speed range may be obtained. Furthermore, the speed remains 
practically constant at any given setting regardless of the load. 

Where a very wide speed range is necessary, a combination of 
both armature and field regulation may be used, but for all speeds 
below the basic speed the motor is in the adjustable varying-speed 
class, and the load determines the speed obtained. 

Variable-voltage direct-current motor drive offers the most 
satisfactory means of securing extra-wide speed range operation 
without the disadvantages of combined armature and field regula¬ 
tion. Current is supplied to the motor from a separately excited 
variable-voltage direct-current generator driven at constant speed, 
usually by an alternating-current motor. Variation of field current 
adjusts the generator output voltage and, thereby, the speed 
of the direct-current motor, to the value desired. Additional range 
of speed is secured by variation of the motor field in the usual 
manner. Standard variable-voltage equipments with 30:1 speed 
range are used extensively on planer drives; and this scheme is 
applicable to a variety of machines, where stable operation over an 
unusually wide speed range is required. 
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Gear motors provide a low output-speed drive unit which can be 
coupled direct to the input shaft of a machine, eliminating the use of 
belt drives or external gearing. The gear parts can be used with 
any standard type of motor unit, alternating or direct current, con¬ 
stant or variable speed. Use of 900, 1,200, or 1,800 revolutions per 
minute motors in combination with a wide range of gearing ratios, 
provides a full choice of output speeds to suit individual machine 
requirements. 


Guide to Type of Motor 


Refer- 


Motor 

ence 

Letter 

Character of Work 

Alternating 

Current 

Direct Current 

A 

When work is fairly steady 
and constant speed is re¬ 
quired with dose speed 
regulation and no excessive 
starting requirements 

Squirrel cage 

Shunt wound 

B 

Speed changes necessary 
over 3:1 or 4:1 range, with 
close speed regulation at 
speed selected 

Multi-speed, 
squirrel cage 

Shunt-wound, 
adjustable speed 

c 

High slip to prevent excess 
motor overloads on inter¬ 
mittent peak demands as 
on flywheel machines* 

High resistance 
or wound rotor* 

Co mpound-wound, 
20 per cent series, 
80 per cent shunt 

D 

Heavy intermittent starting 
duty as cross rail and tool 
traverse motors* 

High resistance 

Compound-wound 

£ 

Reversing motors for planers* 


Shunt wound, 
adjustable speed 

P 

Ordinary starting duty with 
speed control. MT motor 
speed dependent on load, 
with so per cent maximum 
reduction 

Wound rotor or 
multi-speed 
squirrel cage 

Shunt-wound, 
adjustable speed 

G 

Heavy torque for short 
periods and some speed 
control during light load 
such as bending rolls 

Crane motor 

Compound-wound, 
SO per cent shunt, 
50 per cent scries, 
crane type 

H 

liiiiMi 

Squirrel cage, 
high starting 
torque 

Shunt-wound 


^ With permanent section of resistance in secondary. 

* Usually rated on ^-minute basis. 

* Where a machine is equipped with a flywheel for the purpose of producing 
energy during the work stroke, the motor slip should be suificiint to allow 
the flywheel to give up the maximum energy between cycles, and slow down 
just enough to require about 1^0 per cent load on the motor at the end of the 
Work stroke. In small machines of this type and where the actual work 
strokes are 25 per minute or more, a relatively low slip is needed, and stand¬ 
ard motors can be used (shunt direct current, squirrel cage alternating cur¬ 
rent). This is because there is not sufficient time, in a fast operating 
machine, to restore energy to the flywheel between work strokes. Obviously 
a very light flywheel should be used. 

* ^uilt with special, low inertia armatiure for rapid reversal. 
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Motors for Machine Tools—^Types and Sizes 

The tables on pages 987-1000 are submitted as an aid in selecting 
the proper motor. In general, machine tools used to remove metal 
by cutting tools or abrasives require motors with shunt character¬ 
istics, whereas those used to shape metal require the characteristics 
obtained in compound-wound motors. 

The information given as to the size of motor to be used with 
the different tools is based on average values. For very light or 
very heavy work these figures may be reduced or increased from 
the values given. The letters under each group of tools indicate 
the classes of motors suitable for the application and refer to the 
table on page 987. 

Guide to the Selection of Motors 
Type of Motor Remarks 


Shimt-wound motors, 


Compound-wound motors— 


Series motors. 


Squirrel-cage motors. 

Squirrel-cage motors, high- 
resistance rotors. 


Slip-ring motors. 


Multi-speed motors. 


When the work is of a fairly steady nature. 

When a considerable range of speed adjust¬ 
ment is desired 

When fairly close speed regulation is 
required. 

When there are sudden calls of short dura¬ 
tion for heavy loads. 

When heavy starting^ duty is required. 

Where for these duties series motors could 
not be used on accoimt of excessive light 
load speeds. 

When excessive starting torques are re¬ 
quired, but only when speed regulation 
is not important and only when light 
load speeds do not exceed point of safety. 

When constant speed is desired and when 
normal starting duty is suitable. 

Where heavy starting duty is needed or 
where high slip is necessary to prevent 
excess motor overloads or intermittent 
peak-load demands. 

When heavy starting duty is required and 
speed control is necessary. Maximum 
^eed reduction practicable is so per cent. 
This is obtained by series resistor and 
speed is dependent on load. 

When direct current is not available. 

When three or four definite speeds, in con¬ 
junction with gear changes, will give 
desired speeds. For machine-tool service 
two-phase multi-speed motors are not 
recommended. 
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Individual Motor versus Group Drives 

Selection of power for machine drives should consider several 
points, such as first cost, cost of power, flexibility or possibility of 
moving machines, effect on light and cleanliness of shop, probable 
use of certain machines on overtime work, and general desirability. 
It is generally admitted that group driving costs less to install and 
to operate. In one metal stamping shop with i8o machines, the 
total installation cost of individual motors would have been 
$48,730. Dividing the shop into 25 groups, and with 58 individual 
motors on large machines, the first cost was $27,589, according to 
the Power Transmission Council. 

In spite ol the cost difference, many shops consider the individual 
motor drive worth the extra cost on account of the difference in 
convenience, flexibility, dirt, light, and general appearance. 

There are some shops where group driving may be found more 
desirable than the use of individual motors in both first cost and 
maintenance, particularly where the machines are comparatively 
, small and run intermittently, as the cost of motors will be less. 

Friction load of 2^- to 3-inch shafting, with bearings 8 to 10 feet 
and running at 150 to 200 revolutions per minute, is about i horse¬ 
power for every 30 feet of shafting. This includes the friction of 
countershafts of the machines driven by it. 

In group driving it is usually safe to select a motor having a rated 
capacity of from 25 to 30 per cent of the total power required 
for the machines in the group if this exceeds the maximum power 
needed by a single machine of the group. 

LEVELING MACHINE BEDS 

Leveling machine beds requires the use of a precision level. The 
ordinary level is not satisfactory. A 15-inch Pratt and Whitney, 
or similar, level with a sensitivity of ‘‘10 seconds of arc” is recom¬ 
mended. These have graduations one-tenth inch apart which 
indicate 0.0005 inch deviation in i foot of length. 

An accurate parallel bar is also necessary. This is used cross¬ 
wise of the bed of the machine, the level being placed on this to 
check the bed in both directions. Nearly all machines are now 
provided with leveling plates that go between the bed and the 
foundation and permit adjustment at any time if the foundation 
has settled or the machine is out of alignment. 

Cutting Speed of Wood-Working Tools 

Circular saw teeth. 6,000 to 10,000 feet per minute. 

Band saw teeth, hand feed. 4,000 feet per minute, up to 6 

inches wide. 

power feed. 5,000 to 8,000 feet per minute, 4 

to 8 inches wide. 

Planing and molding cutters- 5,000 to 8,500 feet per minute. 

Shaping and carving cutters... . 6,000 revolutions per minute. 
High speed matcher heads, top 

and bottom. 3,000 revolutions per minute. 

Side heads.'.. 3,75o revolutions per minute. 

Round jointer heads. 4,000 revolutions per minute. 
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MOTORS FOR MACHINE TOOLS 

Engine Lathes I Boring and Turning Mills 

Motor A or B Motor A or B 


Swing, 

Inches 

Horse-power 

Average 

Heavy 

12 


2 

14 

2 

3 

16 

3 

5 

18 

5 

7 i 

20 to 22 

7i 

10 

24 to 27 

10 

15 

30 

IS 

20 

32 to 36 

20 

25 

38 to 42 

20 

25 

48 to 54 

25 

30 


Axle Lathes 
Motor A or B 

Type of Lathe Horse-power 

13- inch center drive_ 25 

14- inch end drive...... 25 


Wheel Lathes 
Motor F 


Size, 

Inches 

Motor D 

Horse¬ 

power 

For Tail 
Stock, 
Horse¬ 
power 

48 

15 to 20 

s 

51 to 60 

15 to 20 

5 

79 to 84 

25 to 30 

5 

90 

30 to SO 

10 

100 

40 to so 

10 


Size 

Horse-i 

Main 

30 wer 

Cross 

Rail 

36 to 44 inches 

7 i to 10 


50 to 53 inches 

7! to 10 


60 inches 

IS 

3 

72 inches 

15 to 20 

3 

84 inches 

15 to 20 

5 

96 inches 

20 to 25 

5 

10 feet 

20 to 30I 

72 

12 feet 

25 to 40 

7 i 

14 feet 

30 to 40 

7 i 

16 feet 

40 to 50 

10 

20 to 25 feet 

50 

IS 

30 feet 

50 to 60 

15 


Horizontal Boring, Drilling 
AND Milling Machines 
Motor A or B 

Horse-power 
Size of Spindle, for Single 

Inches Spindle 

2 5 

si ^ 5 to 

4 i 7 J to 10 

5i 10 to IS 


Cylinder Boring Machine 
Motor A or B 


Diameter 
of Spindle, 
Inches 

Maximum 

Boring 

Diameter, 

Inches 

Horse¬ 

power 

4 

n 

■a 

6 


BSIfl 

8 

40 
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RjSCaPROCATING TABLE PLANERS 

Motor A, B or E^ 


Type of Duty, Horse-power 


Width 

Ordin¬ 

ary 

Light ‘ 

Heavy 

Gen¬ 

eral 

Pur¬ 

pose 

Light¬ 
ly Con¬ 
struct¬ 
ed 

Plan¬ 

ers 

Aver¬ 

age 

Cuts 

Heavy 

Plan¬ 

ers, 

Heavy 

Cuts 

36 inches. 

10 

10 

IS 

48 inches. 

15 

10 

20 

36 inches 

! IS 

IS 

20 

60 inches. 

20 

IS 

25 

72 inches. 

2 S 

20 

35 

84 inches. 

2 S 

25 

35 

96 inches. 

35 

2 S 

SO 

10 feet .. 

3 S 

3 S 

75 

Z2 feet... 

SO 

SO 

75 

16 feet. . 

7 S 

SO 

100 


* For reversing motor only. 

Heavy Forge Planers 
Motor E 


Size, Feet 

Horse-power 

Platen 

Cross 

Rail 


12 by 10 


10 

14 by 12 

B 

10 


Rotary Planers 
Motor A or B 
Diameter 
of Cutter, 

Inches Horse-power 


24 to 

26 

S 

36 to 

42 

10 

43 to 

54 

IS 

72 


25 

84 


SO 

q 6 to 

100 ' 

40 


Shapers 


Motor A or B 

Stroke, Inches 

Horse-powei 

12-16-18 

2 to 5 

20 

3 to 7i 

24-28 

S to 10 


Crank 

Slotters 

Motor A or E 

Size, Inches 

Horse-power 

6 

2 to 3 

8 

3 

10 to 12 

S to 7i 

IS 

7i to 10 

18 

7^ to 10 

20 to 24 

10 to 15 

24 to 30 

10 to 20 


Slotting and Keyseatino 
Machine 
Motor A or E 


Stroke, 

Inches 

Horse¬ 

power 

Stroke. 

Inches 

Horse¬ 

power 

6 to 8 

3 to 5 

18 

7ito 10 

10 

5 , 

20 to 30 

10 to IS 

14 

5 to 


10to IS 


Plain Milling Machines 

Motor A or B 


Feed, Inches 

Horse¬ 

power 

Table 


22 

8 

3 to S 

28 

10 

5 

34 

12 

7J to 10 

4 * 

14 

10 to 15 

$0 

14 

15 to 20 
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Universal Milling Machines 
Motor A or B 


Feed, Inches 

Horsepower 

Table 

Cross 

22 

8 

ij to 5 

28 

10 

3 to s 

34 

12 

S to 7i 

42 

14 

10 to 15 


Vertical Milling Machines 
Motor A or B 


Height under 
Inches 


Height 

Spindle, 


Horse-power 


12 


14 

2 to 

18 

3 to 

20 

5 to 

22 

10 to : 

24 

20 


Cylindrical Grinding 
Machine—^Landis 
Motor A or B 



Motor A 

Motor B 

Diam. of work 

6 

10 


inches 

inches 

Work drive.. . 

J H.P. 

I H.P. 

Pump drive... 

liH.P. i 

2 H.P. 

Spindle drive. 

S H.P. 1 

10-15 

H.P. 


Grinding Wheels, Double 
End 

Motor A 


Size of Wheel. 
Inches 

8 by I 
12 by 2 
i8 by 3 
24 by 4 
30 by 4 


Horse-power 

i 

3 , 

5 to 7i 
7i to 10 
15 to 20 


Horizontal Slab Millers 
Motor A or B 

Width between 

Housings, Inches Horse-power 
20 10 to 15 

30 20 to 40 

36 40 to 50 

48 40 to 60 

72 50 to 75 

90 60 to 75 

Continuous Milling 
Machines 
Motor A or B 
Diameter Table, 

Inches Horse-power 

24 to 30 7 j 

36 to 48 7i 

10 to IS 


Miscellaneous Grinders 
Motor A 

Type of Machine Horse-i)ower 

Wet tool grinder. 2 to 3 

Flexible swinging 
machine polish.... 3 

Angle cock grinder.... 3 

Piston rod grinder.... 3 

Twist-drill grinder_ 2 

Automatic tool 
grinder. 3t05 

Buffing Lathes 
Motor A 

Size of Wheel, 

Inches Horse-power 

8 by li I to 2 

10 I to 2 

14 3 to s 
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Upright Drills 
Motor A or B 
Si2e, Inches Horse-power 
12 to 22 I 

24 to 28 2 

36 to 40 5 


Radial Drills 

Motor A or B 


Aim in Feet 
2J to 3 
5 

8 to 10 


Horse-power 

to 10 
25 to 40 


Sensitive Drills 

Motor A or B 

i-inch drill. i horse-power 

i-inch drill. i horse-power 


|r 

Size, Inches 
24 by 6 
48 by 10 
60 by 12 
72 by 14 
64 by 20 


Gear Cutters 

Motor A or B 

Horse-power 
2 

3 to S 
S to 7j 
to 10 
10 to 15 


Bolt and Nut Machines 

Motor A or B 


Size, 

Horse-power 

Inches 

Single 

Double 

Triple 

i to J 

I 

li 


i to I 

2 

3 

5 

J to ij 

2 

3 

5 

i to 2 

3 

5 

7 i 

i to 2i 

3 

5 


I to 3 
ij to 4 

S 

7 i 

10 



Pipe Threading and Cutting 


Off Machines 

Motor A, 

B, or C 

Size Pipe, 
Inches 

Horse-power 

i to 3 

3, 

1 to 6 

7i 

2i to 8 

10 

4 to 12 

15 

8 to 18 

20 

10 to 20 

25 


Cold Cut-off Saws 

Motor A or B 

Diameter 
of Saw, 

Inches Horse-power 

20 5 

26 10 

32 IS 


36 20 

42 25 

48 25 


56 30 

62 30 

72 40 

00 50 


Bulldozers 

Motor C 


Width, 

Inches 

Head 

Move¬ 

ment, 

Inches 

Horse¬ 

power 

29 

14 

5, 

34 

16 

7i 

39 

16 

10 

45 

18 

IS 

63 

20 

20 





WOOD-WORKING MOTORS 995 

Hammers Punches and Shears 

Motor C _ Motor C _ 

Size, Pound Horse-power ‘ Punch i Shear i 


IS to 75 i to s 

loo to 200 5 to 7J 

Drop hammers require ap¬ 
proximately I horse-power for 
every loo-pounds weight of 
hammer. 


Hydrostatic Wheel Presses 

Motor A 

Horse-power 

Size, Tons for Pump 

lOO 5 

200 to 300 7i 

7 i 

400 15 

600 10 


Bending and Straightening 
Rolls 
Motor G 


Width, 

Feet 

Thick¬ 

ness, 

Inches 

Horse¬ 

power 

4 to 6 

1 to ^ 

5 

6 

} 

15 

10 

li to ij 

40 to 50 

24 

I 

50 


Size of 
Hole. 
Inches 

Size of 
Bar, 
Inches 

Horse¬ 

power 

iby i 

2 iby i 

I 

1 by 1 

3 by 1 

2 to 3 

iby i 


3 to S 

I by i 


5 

I by I 

6 by i 

7 i 

ifbyi 

8 by li 

10 to 15 

2i by li 

9 by li 

IS 

2i by i| 

II by I ^ 

20 

3 by 2 

10 by 25 

2 S 


Motors Usually Employed 
for Cranes and Hoists 


Hoist 



Speed, 


Capacity, 

Feet per 

Horse- 

Tons 

Minute 

powei 

5 


25 

IS 



SO 

25 

10 


30 

25 



40 

40 

15 


20 

25 

20 


15 

25 

25 


10 

25 



IS 

40 

30 


14 

40 

5 aux. 


50 

25 

lo aux. 


25 

25 

50 


10 

40 

5 aux. 


50 

25 

10 aux. 


25 

25 


Bridge 





Trolley 

Capapity, 

^an 

Feet 

, Horse¬ 

Horse¬ 

Tons 

power 

power 

5 

60 

20 

3 

10 

80 

25 

3 

15 

80 

25 

5 

20 

80 

' 25 

5 

25 

80 

25 

5 

30 

80 

40 

7 i 

35 

80 

40 

7 i-io 
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POWER REQXnRED FOR PLANING-MH-L 




EQUIPMENT 




Band Saws 

Cut-off Saws 


Max. 1 




Diam. Wheel, Width Horse- 

Diam. 

No. of Horse- 

Inches 

of Saw power 

Saw 

Saws 

power 

30 


i 2 

i 12-14 

I 

3- 5 

34 


h 3 

16 

I 

5- 7i 

36-38 


t 3-5^ 

16 

2 

7^-10 

40-42 


i 4-7 h 

30 

I 

10-15 

Circular Rip Saws 

Inside Moulders 

Diam. 

No. of 

Horse¬ 



Horse¬ 

Saw 

Saws 

power 

Inches 


power 

14 

I 

5 

8X4 

4 

15 

16 

I 

7i 

10 X 4 

4 

IS 

24 

I 

10 

10 X 6 

4-5 

20-30 

36 

I 

15 




SURPACERS 

Jointers 

Size. 

No. 

Horse 

Inches 

Horse-iKJwer 

Inches 

Heads 

power 

8-12 


2 

30 X 6 

1-2 15- 

-.0 1 t 

16-24 


3 

24 X 6 

I~2 15- 

-20 1 ^ 

30-36 


5 

30 X 8 

2 

3° 1 




26 X 8 

2 

30 j 2 

til 

Tenoning Machines 





No. 


24 X 6 

I 5- 

- 7i 1 ^ 

Inches 

Heads 

Horse-power 

16 X 6 

I S' 

- 7i 1 ^ 

5} X 14 

I 

3- 5 

24 X 8 

I 


si X 15 

2 

5, 

30 X 8 

I 

10 J 3 

23 X 9 

2 

7 i 




54 X 4 i 

4-8 

10 -15 

Planers, 

Matchers and 

78 X 4i 

4-8 

10 -15 

Flooring Machines 

Gainers 


7 i-io-is 

Size, 


Horse¬ 




Inches 

Heads 

power 

Belt Sanders 

9X8 

4-5 

30 

Width of Belt. 


19 X 8 

4-5 

30 

Inches 


Horse-power 

24 X 8 

4-5 

40 

6-14 


2-3 

Outside Moulders 

18 


5 

Capacity, 

No. 

Horse¬ 




Inches 

Heads 

power 

Drum Sanders 

4x4 

1-2 

5 

Length of Drum. 


4X4 

3-4 

7i 

Inches 


Horse-power 

6x4 

1-2 

5, 

30 


7 i 

6x4 

3-4 

7 i 

36 


10 

8x4 

4 

10 

42-48 


IS 

10 X 4 

4 

IS 

S4-6o 


20 

12 X s 

4 

20 

72-84 


30 
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Power Required for Punching and Shearing 

E^eriments tend to show that with steel plates of 60,000 pounds 
tensile strength, the metal is all sheared when the punch has passed 
one-half through the plate. The following formula by L. R. 
Pomeroy takes this into account and also allows the motor an 
efficiency of 80 per cent and the punching machine 75 per cent. 

T^X DX N 
3-78 

where T = full thickness of plate. 

D = diameter of hole punched. 

N = number of holes punched per minute. 

P = horse-power required to drive machine. 

Taking a i-inch hole in a J-inch plate, the power required to 
punch 30 per minute would be 

- ^ ^ ^ or about i horse-power. 

37-8 3*78 

Pressure required for shearing ~ length of cut X thickness in 
inches X shearing strength of material. Dies with “shear” reduce 
this one-third to one-half. 


Power Required to Remove Metal 
Two factors enter into the problem of power for driving machines' 


Time factor = 
Load factor = 


actual cutting time 
total time to complete operation 
average daily load 
full-load rating of motor 


The average load factor for motors driving lathes is from 10 to 
25 per cent. On some special machines, such as driving-wheel and 
car-wheel lathes, the cuts are all heavy, increasing the average load 
factor to from 30 to 40 per cent. 

For extension boring mills, 5-horse-power motors are used to 
move the housings on from 10- to 16-feet mills; 7i horse-power, for 
from 14- to 20-feet mills; and 10 horse-power, for from 16- to 24-feet 
mills. The load factor of the driving motor on boring mills averages 
from 10 to 25 per cent. 

The load factor of motor-driven drills is about 40 per cent when 
the larger drills applicable thereto are used. If the smaller drills 
are used, the load factor averages 25 per cent and lower. 

For the average milling operations the load factor Averages from 
10 to 25 per cent. On slab milling machines, where large quantities 
of metal are removed, it will average from 30 to 40 per cent. 

The work on this class of machinery* is usually light and much 
time is required in making adjustments. Hence the load factor is 
rarely higher than 20 per cent. 
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On planers the load factor averages between 15 and 20 per cent. 
With 10 horse-power or under belt-shifting drives probably give 
better results than direct-connected reversing motors. 

The work done on shapers is of a varying character. With light 
work the load factor will not exceed from 15 to 20 per cent; with 
heavy work, the load factor will be as high as 40 per cent. 

The conditions with slotters are similar to those on shapers. 

HORSE-POWER TO DRIVE MACHINES 

Extensive experiments by L. R. Pomeroy showed that the horse¬ 
power required equals the feed per revolution or stroke X depth of 
cut in inches X cutting speed in feet per minute X 12 X number 
of tools cutting X a constant which depends on the material. 
This checks up fairly well with actual motor tests. The constants 
given are: 


Cast iron.. 0.35 to 0.5 

Wrought iron or soft steel. 0.45 to o. 7 

Locomotive driving wheel tires. o. 70 to i .00 

Very hard steel. i. 00 to i. 10 


Power Used in Drilling 

Drilling tests by Prof. O. W. Boston gave the following results as 
to power consumed on S.A.E. Steel No. 6150: 


DriU 

Diam. 

R. P. M. 
of Drill 

Feed 
per Rev. 

Thrust 
in Pounds 

H. P. 

t 

444 

0.009 

752 

1.19 

I 

368 

O.OII 

838 

1.57 

1 

300 

0.012 i 

1269 

1 .97 

I 

228 

0.013 

1862 

2.72 

If 

175 

0.015 

2430 

3-71 

I* 

149 

o.ois 

3000 

4.08 


Tests on cast iron*were as follows: 


Drill 

Diam. 

R. P. M. 
of Drill 

Feed 
per Rev. 

Thrust 
in Pounds 

H. P. 


446 

0.009 

530 

0.54 

1 

364 

O.OII 

64s 

0.71 

{ 

300 

0.012 

803 

0.90 

I 

230 

0.013 

1088 

1.23 

li 

179 

O.OIS 

1403 

1.60 

1} 

153 

O.OIS 

1700 

1.94 


Handling this in another way, Charles Robbins of the Westing 
house Electric & Manufacturing Co. gives: 

H.P. == cubic inches removed per minute X a constant. 
These constants, for.average conditions with average tools, are: 


Brass aiid similar alloys. 0.2 to o.3 

Cast iron. 0.3 to 0.5 

Wrought iron. 0.6 

Mild steel (0.30 to 0.40 carbon). 0.6 

Hard steel (0.50 carbon).. i. 00 to i. 25 

Very hard tire steel. 1.50 
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A brief summary of the studies by Mr. Robbins gives interesting 
data on various machines, including the following data: 



Time 

Factor 

Load 

Factor 

Vertical boring machine. 

44% 

41 

54 

SO 

55 

27 % 

10 

55 

12 

Radial drilling machine. 

Portable milling machine. 

Portable slotting machine. 

Planers. 



L. R. Pomeroy also gave a method of determining the horse-pow’er 
required by the belt used to drive the machine. The formula is: 

II.P. = thickness of belt in inches X width of belt in inches X 
diameter of pulley in inches X revolutions per minute X 
constant for kind of belt. 

These constants are: 

Leather belt. 0.0062 to 0.0098 

Cotton belt. 0.0036 to 0.0068 

Rubber belt. 0.0050 to 0.0082 

SPEED FOR WOOD TURNING 

A good average surface or cutting speed for a wood-turning lathe 
is from 1,000 to 1,500 feet per minute. Where work does not 
exceed i inch in diameter, the speed may be 3,000 revolutions per 
minute; for 2-inch stock, 2,500; for 3-inch stock, 2,000, or a little 
less; and for larger stock it is reduced in proportion. 

COOLING HOT BEARINGS 

A hotbox can be cooled by pouring sulphur on the bearing. It 
melts at 2 20°F. and puts a smooth surface on both journals and 
bearings. It fills the oil groove but can be dissolved with benzene 
if machine cannot be stopped. Either stick or flowers of sulphur 
will do. Graphite is also good but cannot be used where the color 
is objectionable as in flour mills or other white stock. 

HIGH-CYCLE MOTORS 

High-cycle motors for portable tools use alternating three-phase 
current of 180 cycles with 220 volts. The outstanding advantage 
is the maintenance of speed and power under load, which increases 
the productive capacity of the tool it drives. As there are no wire 
windings, soldered joints, commutation, or brushes, maintenance 
cost ?ind loss of time are greatly reduced. 
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M—-A—^ 


II 

»Lk>B 


it 


Diam.of Sq.»DUmke>tBolt' 


Bolt 


FOUNDATION BOLTS AND WASHERS 

Table 13 .—Foundation Bolts and Washers Used at the 
Chester, Pa., Plant of the American Steel Foundries 


Diam. 

of 

Bolt 

in 

Inches 

A 

in 

Inches 

B 

in 

Inches 

C 

in 

Inches 

Weight 

of 

Washer, 

Pounds 

1 

1 

Weight 1 
of Bolt 1 
I Foot ! 
Long 
Includ¬ 
ing 
Head 

Weight 

of 

Square 

Nut 

in 

Pounds 

Weight 

Square 

Head 

in 

Pounds 

Weight 
of Each 
Addi¬ 
tional 
Inch 
of Bolt, 
Pounds 



S 





2.61 

0.76 

0.085 

0.094 

0.056 



S 





2.59 

1.21 

0 .IS 3 

0.168 

0.087 



6 


1 

1 

[ 

3.74 

1.77 

0.250 

0.273 

0.125 



6 



I 


3.71 

2.46 

0.381 

0.416 

0.170 

I 


6 


I 


3.69 

3.27 

0 .SS 2 

0.598 

0.223 

z 


6 



ij 


3.65 

4.21 

0.769 

0.834 

0.282 

I 


6 



I 


3.62 

5.29 

1.03 

1.12 

0.348 

I 


6 



I 


3.58 

6.51 

1.35 

1.46 

0.431 

I 


8 

1 


1 


8.68 

7.87 

1.72 

1.87 

0.501 

I 


8 



I 


8.62 

9.40 

2.17 

2.3s 

0.588 

ij 

t 

8 

\ 



8,56 

11.09 

2.69 

2.9Z 

0.682 

i] 

1 

8 

\ 


2 


8.49 

12.93 

3.26 

3-54 

0.782 

3 


12 

i 


2i 


29.61 

14.9s 

3.94 

4.27 

0.890 


\ 

12 

i 


2i 


29.37 

19.72 

5 .51 

6.00 

1.127 


1 

Z 2 



2j 

f 

29.10 

24.84 

7.49 

8 . 15 , 

1.391 


The table gives the necessary data from which the weights of 
bolts from i to 2§ inches in diameter can be computed. The weights 
of the nuts and the sizes and weights of the washers are also given. 
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METALS AND OTHER MATERIALS 

HEAT-TREATMENT OF STEEL 

The theory of the heat-treatment of steel rests upon the influence 
which the rate of cooling has on certain molecular changes in struc¬ 
ture occurring at different temperatures in the solid state. These 
changes are of two classes, critical and progressive; the former 
occur periodically between certain narrow temperature limits, 
while the latter proceed gradually with the rise in temperature, 
each change producing alterations in the physical characteristics. 
By controlling the rate of cooling, these changes can be given a 
permanent set, and the physical characteristics can thus be made 
different from those in the metal in its normal state. 

The highest temperature to which it is safe to submit a steel for 
heat-treating is governed by the chemical composition of the steel. 
Very low carbon steel may be heated to about 1650®?., but high- 
carbon tool steels will harden at a lower temperature. The 
steelmaker’s advice as to the best hardening temperature should 
be given careful consideration. From 1400 to i45o°P'. is usually 
sufficient. Some of the high-grade alloy steels may safely be raised 
to I 75 o°F., and the high-speed steels may be raised to just below the 
melting point, usually from 2200 to 24oo°F. It is necessary to 
raise the metal to these points so that the active cooling process will 
have the desired effect of checking the crystallization of the structure. 

Terms Relating to Heat-Treatment Operations 

As Adopted by a Joint Committee of the A.S.T.M., S.A.E., 
and A.S.S.T. 

Heat-Treatment.—An operation, or combination of operations, involving 
the heating and cooling of a metal or an alloy in the solid state. (Heating 
and cooling for the sole purpose of mechanical working are excluded from 
the meaning of this definition.) 

Quenching.—Immersing to cool. 

Hardening.—Heating and quenching certain iron-base alloys from a 
temperature either within or above the critical-temperature range. 

Annealing.—Annealing is a heating and cooling operation of a material 
in the solid state. In annealing, the temperature of the operation and the 
rate of cooling depend upon the material being heat-treated and the purpose 
of the treatment. (Usually relatively slow cooling is Implied.) 

Certain specific heat-treatments coming under the comprehensive term 
“annealing’’ are: 

Pull Annealing.—Heating iron-base alloys above the critical-temperature 
range, holding above that range for a proper period of time, followed by slow 
coofing through the range. The annealing temperature is generally about 
ioo*F. (ss®C.) above the upper limit of the critical-temperature range, and 
the time of holding is usually not less than 1 hour for each inch of section of 
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the heaviest objects being treated. The objects being treated are ordinarily 
allowed to cool slowly in the furnace. They may, however, be removed from 
the furnace and cooled in some medium which will prolong the time of cooling 
as compared to unrestricted cooling in the air. 

Process Annealing.— Heating iron-base alloys to a temperature below or 
close to the lower limit of the critical range followed by cooling as desired 
This heat-treatment is commonly applied in the sheet and wire industries, 
and the temperatures generally used are from 1020 to i20o‘’F. (S§o to bso^C.). 

Normalizing. —Heating iron-base alloys above the critical-tempera¬ 
ture range, f(^lowed by cooling to below that range in still air at ordinary 
temperature. 

Patenting. —Heating iron-base alloys above the critical-temperature 
range followed by cooling to below that range in molten lead maintained at 
a temperature of about 7O0°F. (365°C.). Usually applied in the wire indus¬ 
try either as a finishing treatment or, especially in the case of eutectoid steel, 
as a treatment previous to further wire drawing. Its purpose is to produce 
a sorbitic structure. 

Spheroidizing. —Prolonged heating of iron-base alloys at a temperature 
in the neighborhood of, but generally slightly below, the critical-temperature 
range, usually followed by relatively slow cooling. 

Tempering (also termed Drawing).—Reheating, after hardening to some 
temperature below the critical-temperature range, followed by ahy rate of 
cooling. 

Mafieablizing. —Annealing operation with slow cooling whereby combined 
carbon in white cast iron is transformed’to temper carbon, and in some cases 
the carbon is entirely removed from the iron. 

Graphitizing. —Annealing of cast iron whereby some or all of the combined 
carbon is transformed to free or uncombined carbon. 

Carburizing (Cementation). —Adding carbon to iron-base alloys by heating 
the metal below its melting point in contact with carbonaceous material. 
(“Carbonizing" is an undesirable term.) 

Case Hardening. —Carburizing and subsequent hardening by suitable 
heat-treatment all or part of the surface portions of a piece of iron-base alloy. 

Case. —That portion of a carburized iron-base alloy article in which the 
carbon content has been substantially increased. 

Core. —That portion of a carburized iron-base alloy article in which the 
carbon content has not been substantially increased. (The terms "case" 
and "core" refer to both case hardening and carburizing.) 

Cyaniding. —Surface hardening of an iron-base alloy article or portion of 
it by heating at a suitable temperature in contact with a cyanide salt, fol¬ 
lowed by quenching. 


Methods of Heating 

Furnaces using solid fuel, such as coal, coke, charcoal, etc., are the 
most numerous and have been used the longest. These furnaces 
consist of a grate to place the fuel on, an arch to reflect the heat, and 
a plate to put the pieces on. The plate should be so arranged that 
the flames will not strike the pieces to be heated, and for that reason 
some use cast-iron or clay retorts which are open on the side toward 
the doors of the furnace. 

The use of both gas and oil furnaces is increasing, owing to the 
ease with wh'ch the fire is handled and the cleanliness as compared 
with ‘a coal, coke, or charcoal fire. The electric furnace is also 
growing in use, the ease with which heat can be controlled being an 
important factor. 

Heating in Liquids 

Furnaces using liquid for heating have a receptacle, such as a 
pot or crucible, to hold the liquid, which is heated by coal, oil, gas, 
or other means; the liquid is kept at the highest temperature to 
which the piece should oe heated. The piece should be preheated 
slowly in an ordinary furnace to about ^ degrees, after which it 



ANNEALING 


1005 


should be immersed in the liquid bath and kept there long enough 
to attain the temperature of the bath and then removed to be 
annealed or hardened. 

The bath usually consists of lead, although antimony, cyanate of 
potassium, chloride of barium, a mixture of chloride 01 barium and 
chloride of potassium in the proportion of 3:2, mercury, common 
salt, and metallic salts have been successfully used. 

This method gives good results, as no portion of the piece to be 
treated can reach a temperature above that of the liquid bath; a 
pyrometer attachment will indicate exactly when the piece has 
arrived at that temperature. The bath can be maintained easily 
at the proper temperature, and the entire process is under perfect 
control. 

When lead is used it is liable to stick to the steel, unless it is pure, 
and retard the cooling of the spots where it adheres. Impurities, 
such as sulphur, are liable to be absorbed by the steel and thus affect 
its chemical composition. With high temperatures, lead and 
cyanate of potassium throw off poisonous vapors which make them 
prohibitive, and even at comparatively low temperatures these 
vapors are detrimental to the health of the workmen in the harden¬ 
ing room unless great care is used in exhausting the fumes by 
mechanical means. The metallic salts, however, do not give off 
these poisonous vapors and are much better to use for this purpose, 
but many times the fumes are unbearable. 

Gas and Oil as Fuel 

Furnaces using gaseous fuel are very numerous and are so con¬ 
structed that they can use either na,tural gas, artificial gas, or pro¬ 
ducer gas. They are very easy to regulate and, if w^ell built, are 
capable of maintaining a constant temperature within a wide range. 

In first cost this style of furnace is greater than that of the solid fuel 
furnaces, but where natural or producer gas is used, the cost of 
operating is so much less that the saving soon pays for the cost of 
installation. 

Oil-fired furnaces are also being used in large numbers and 
electric furnaces are to be found even in small shops. Accurate 
temperature control makes them both desirable. 

Annealing 

The appliances for annealing are as numerous as the baths for 
quenching, and where a few years ago the ashes from the forge were 
all that were considered necessary for properly annealing a piece of 
steel, today many special preparations are being manufactured and 
sold for this purpose. 

The more common materials used for annealing are powdered 
charcoal, charred bone, charred leather, slaked lime, sawdust, 
sand, fire clay, magnesia or refractory earth. The piece to be 
annealed is usually packed in a metal box, using some of these 
miiterials or combinations of them for the packing; the whole is then 
heated in a furnace to the proper temperature and set aside, with 
the cover left on, to cool gradually to the atmospheric temperature. 
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Although cast-iron boxes are most common, there is an increasing 
use of such alloys as nichrome (nickel and chromium) on account of 
their longer life under continual heating and cooling. 

For certain grades of steel these materials give good results; but 
for all kinds of steels and for all grades of annealing, the slow-cooling 
furnace perhaps gives the best satisfaction, as the temperature can 
be easily raised to the right point, kept there as long as necessary, 
and then regulated to cool down as slowly as is desired. The gas, 
oil, or electric furnaces are the easiest to handle and regulate. For 
annealing tool steel, about i4oo°F. is usually sufficient. 

Annealing is now used to designate heating for the purpose of 
softening. To remove stresses in steel, it is heated above the 
calescent point. This is called “normalizing.’' 

The Hardening Bath 

In hardening steels the influence of the bath depends upon its 
temperature, its mass, and its nature; or, to express this in another 
way, upon its specific heat, its conductivity, its volatility, and its 
viscosity. With other things equal, the lower the temperature of 
the bath, the quicker the metal will cool and the more pronounced 
will be the hardening effect. Thus, water at 6o degrees will make 
steel harder than water at 150 degrees, and when the bath is in con¬ 
stant use the first piece quenched will be harder than the tenth or 
twentieth, owing to the rise in temperature of the bath. Therefore, 
if uniform results are to be obtained in using a water bath, it must 
either be of a very large volume or kept cool by some mechanical 
means. In other words, the bath must be maintained at a constant 
temperature. 

The mass of the bath can be made large, so no great rise in tem¬ 
perature is made by the continuous cooling of pieces, or it can be 
made small and its rise in temperature used for hardening tools 
that are to remain fairly soft, as, if this temperature is properly 
regulated, the tool will not have to be reheated and tempered later, 
and cracks and fissures are not so liable to occur. 

Another way of arriving at the same results would be to use the 
double bath for quenching, that is, to have one bath of some product 
similar to salt which fuses at 575°F. Quench the piece in that until 
it has reached its temperature, after v\^ch it can be quenched in a 
cold bath or cooled in the air. 

GRADES AND USES OF CARBON STEELS 

Carbon steel is used for more different purposes than any other 
tool steel. These are made in different grades according to the 
work to be done. The Carpenter Steel Company divides them into 
three classes for the following uses. 

I. Average carbon tools: Drills, reamers, taps and dies, blanking dies, 
striking dies, coining dies, forming dies, bending dies, button dies, punches, 
mandrels, arbors, jig bushings, cutters and hobs, dowel pins, stamps, lathe 
centers, knurls, studs, adapters, jig feet, plugs, ring and snap gages. 

i. Tods requiring maximum wear resistance and fair toughness are: 
Drawing dies, cold extrusion dies and punches, shaving dies, sectional blank¬ 
ing dies, forming tools and roUs, burmshing tools, cutting tools for brass and 
non-ferrous metals, finishing reamers, spinning tools. 
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3. Tools requiring maximum toughness with only fair wear resistance are: 
Heavy-duty perforating punches, knockout pins, fingers, clutch pins, stops, 
indexing pins, screw extractors, coining dies, shear blades, spring collets, feed 
fingers, pneumatic chisels, rivet busters, nail sets, flaring tools, sledges, pipe 
cutters, screw drivers, drift pins, rivet sets. 

Similar gradings are made for oil hardening and high-speed steels. 

ALLOY STEELS 

Alloy steels are used because of greater hardness, strength, 
toughness, wear resistance, and uniformity, as well as less distortion 
or liability to crack in hardening. Selection of steels for special 
uses is important. The Carpenter Steel Company divides them 
into three groups: low carbon, case hardening; medium carbon, 
tough temperings for axles, shafts, bolts, etc.; high carbon, hard 
temperings for gears, clutch parts, etc. In some cases the same 
steel can be used for both the second and third groups. Choice 
of the best steel for different work will be easier after studying the 
table on comparative properties of the two types of steel. 

Table i.—Comparative Properties of Case-Hardening and 
Hard-Tempering Steels 



Case-Hardening 

Steel 

Hard-Tempering 

Steel 

Initial cost of steel. 

Same 

Same 

Cost of forging. 

Less 

Greater 

Cost of annealing forgings. 

Less 

Greater 

Cost of machining. 

Less 

Greater 

Cost of finish heat-treatment. 

Greater 

Less 

Distortion in heat-treating. 

Greater 

Less 

Ease of straightening. 

Easier 

More difficult 

Hardness of surface. 

Greater 

Less 

Wear resistance. 

Greater 

Less 

Toughness of surface. 

Less 

Greater 

Tendency to pit under high unit 
pressures. 

Less 

•Greater 

Tendency to upset under heavy 
loads. 

Greater 

Less 

Over-all strength of part. 

Less 

Greater 
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Choosing between a Case-Hardening Steel and a Tempering Steel 

In making a gear, for example, the question frequently comes up 
—should it be made from a case-hardening steel or a tempering 
steel? Table i of comparison will be helpful. The comparison is 
made between steels of the same alloy content —one of them having 
low carbon for case-hardening and the other having about 0.50% 
carbon for tempering. 

Table 2 .—Chemical Compositions of S.A.E. Alloy Steels^ 
Nickel Steels 


S.A.E. 

No. 

Carbon 

Range 

Manganese 

Range 

Phosphorus 

Maximum 

Sulphur 

Maximum 

Nickel 

Range 

201S 

0.10-0.20 

0.30-0.60 

0.040 

0.050 

0.40-0.60 

2115 

0.10-0.20 

0.30-0.60 

0.040 

0.050 

I. 2 S-I. 7 S 

231S 

0.10-0.20 

0.30-0.60 

0.040 

0.050 

3-25-3.75 

2320 

0.15-0.25 

0.30-0.60 

0.040 

0.050 

3.25-3.75 

2330 

0.25-0.35 

0.50-0.80 

0.040 

0.050 

3.25-3.75 

2335 

0.30-0.40 

0.50-0.80 

0.040 

0.050 

3.25-3.75 

2340 

0.35-0.45 

0.60-0.90 

0.040 

0.050 

3.25-3.75 

2345 

0.40-0.50 

0.60-0.90 

0.040 

0.050 

3.25-3.75 

2350 

0.45-0.55 

0.60-0.90 

0.040 

0.050 

3 . 25 - 3-75 

2SrS 

0.10-0.20 

L 

0.30-0.60 

0.040 

0.050 

4 - 75 - 5.25 


Nickel-Chromium Steels 


S.A.E. 

No. 

Carbon 

Range 

Manga¬ 

nese 

Range 

Phos¬ 

phorus 

Max. 

Sulphur 

M^x. 

Nickel 

Range 

Chromi¬ 

um 

Range 

311S 

0.10-0.20 

0.30-0.60 

0.040 

0.050 

I.oo-i.so 

0.45-0.75 

3120 

0.15-0.25 

0.30-0.60 

0.040 

0,050 

1.00-1.50 

0.45-0.75 

3125 

0.20-0.30 

0.50-0.80 

0.040 

0.050 

I.oo-i.50 

0 - 45 - 0.75 

3130 

0.25-0.35 

0.50-0.80 

0.040 

0.050 

i.oo-i.so 

0.45-0.75 

313s 

0.30-0.40 

0.50-0.80 

0.040 

0.050 

I.00-1.50 

0 . 45 - 0.75 

3140 

0.35-0.45 

0.60-0.90 

0.040 

0.050 

I.00-1.50 

0 . 45 - 0.75 

X3140 

0.35-0.45 

0.60-0.90 

0.040 

0.050 

I.OO-I.50 

0.60-0.90 

3145 

0.40-0.50 

0.60-0.90 

0.040 

0.050 

I,OO-I.50 

0.45-0.75 

3150 

0 . 4 S- 0 .SS 

0.60-0.90 

0.040 

0.050 

I.OO-I.SO 

0.45-0.75 

321S 

0.10-0,20 

0.30-0.60 

0.040 

0.050 

I 50 - 2.00 

p.90-1.25 

3220 

0.15-0.25 

0.30-0.60 

0.040 

0.050 

I.50-2.00 

0.90-1.25 

3230 

0.25-0.35 

0.30-0.60 

0.040 

0.050 

1.50-2.00 

0.90-1.25 

3240, 

0.35-0.45 

0.30-0.60 

0.040 

0.050 

1.50-2.00 

p.90-1.25 

324s 

0.40-0.50 

0.30-0.60 

0.040 

0.050 

I.50-2.00 

0.9071.25 

3250 

0.45-0.55 

0.30-0.60 

0.040 

0.050 

1,50-2.00 

0.90-1.25 

3312 

maii.o. 17 

0.30-0.60 

0.040 

0.050 

3 • 25 - 3.75 

I.25-1 .75 

332s 

0.20-0.30 

0.30-0.60 

0.040 

0.050 

3.25-3.75 

1 . 25 - 1.75 

3335 

0.30-0,40 

0.30-0,60 

0.040 

0.050 

3.25-3.75 

1 . 25 - 1.75 

3340 

0.35-0.45 

0.30-0.60 

0.040 

0.050 

13.25-3.75 

1.25-1.75 

3415 

0.ro-o,20 

0.30-0.60 

0.040 

0.050 

2 . 75 - 3.25 

0.60-0.95 

3435 

0.30-0,40 

0.30-0.60 

0.040 

0.050 

12.75-3 .25 

0.60-0.95 

3450 

0 . 45 - 0.55 

0.30-0.69 

0.040 

0.050 

2.75-3.25 

0.60-0.95 
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Table 2.—Chemical Compositions of S.A.E. Alloy 
Steels ^— Continued 
Molybdenum Steels 


S.A.E. 

No. 

Carbon 

Range 

Manga¬ 

nese 

Range 

Phos. 

Maxi¬ 

mum 

Sul¬ 

phur 

Maxi¬ 

mum 

Chromi¬ 

um 

Range 

Nickel 

Range 

Molyb¬ 

denum 

Range 

4130 

0 . 25 - 0.35 

0.50-0.80 

0.040 

0.050 

0.50-0.80 


0.15-0.25 

X4130 

0.25-0.35 

0.40-0.60 

0.040 

0.050 

0.80-1.10 


0.15-0.25 

413s 

0.30-0.40 

0.60-0.90 

0.040 

0.050 

0.80-1.10 


0,15-0.25 

4140 

0.35-0.45 

0.60-0.90 

0.040 

0.050 

0.80-1.10 


0.15-0.25 

41SO 

0.45-0.55 

0.60-0.90 

0.040 

0.050 

0.80-1.10 


0.15-0.25 

4340 

0.35-0.45 

0.50-0.80 

0.040 

0.050 

0.50-0.80 

1.50-2.00 

0.30-0.40 

4345 

0.40-0.50 

0.50-0.80 

0.040 

0.050 

0.60-0.90 

1.50-2.00 

0.15-0.25 

461s 

0.lo-o.20 

0.40-0.70 

0.040 

0.050 


1.65-2.00 

0.20-0.30 

4620 

io.15-0.25 

0.40-0.70 

0.040 

0.050 


1.65-2.00 

0.20-0.30 

4640 

jO. 35-0 .45 

0.50-0.80 

0.040 

0.050 


1.65-2.00 

0.20-0.30 

481s 

0.lo-o.20 

0.40-0.60 

0.040 

0.050 


3. 25-3 - 7.5 

0.20-0.30 

4820 

, 0 . 15 - 0.25 

0.40-0.60 

0.040 

0.050 

. 

3 . 25 - 3-75 

0.20-0.30 


Chromium Steels 


S.A.E. 

No. 

Carbon 

Range 

Manganese 

Range 

Phosphorus 

maximum 

Sulphur 

Maximum 

Chromium 

Range 

5120 

0.15-0.25 

0.30-0.60 

0.040 

0.050 

0.60-0.90 

SI40 

0.35-0.45 

0.60-0.90 

0.040 

0.050 

0.80-1.10 

5IS0 

0.45-0.55 

0.60-0.90 

0.040 

0.050 

0.80-1.10 

52100 

0.95-1•10 

0.20-0.50 

0.030 

0.035 

1.20-1 50 


Chromium-Vanadium Steels 


S.A.E. 

No. 

Carbon 

Range 

Manga¬ 

nese 

Range 

Phos. 

Maxi¬ 

mum 

Sulphur 

Maxi¬ 

mum 

Chromi¬ 

um 

Range 

Vanadium 

Mini¬ 

mum 

Desired 

6115 

0.lo-o.20 

0.30-0.60 

0.040 

0.050 

0.80-1.10 

0. IS 

0.18 

6120 

0.iS-0.25 

0.30-0.60 

0.040 

0.050 

0.80-1.10 

0. IS 

0.18 

6125 

0.20-0.30 

0.60-0.90 

0.040 

0.050 

0.80-1.10 

0 . IS 

0. r8 

6130 

0.25-0.35 

0.60-0.90 

0.040 

0.050 

0.80-1.10 

0. IS 

0.18 

6135 

0.30-0.40 

0.60-0.90 

0.040 

0.050 

0.80-1.10 

o.is 

0.18 

6140 

0.35-0.45 

0.60-0.90 

0.040 

0.050 

0.80-r.10 

^.rs 

0.18 

6145 

0.40-0.so 

0.60-0.90 

0.040 

0.050 

0.80-1.10 

0. IS 

0.18 

6150 

0 . 4 S- 0 .SS 

0.60-0.90 

0.040 

0.050 

0.80-1.10 

0.15 

0.18 

619s 

0.90-1.os 

0.20-0.4S 

0.030 

0.035 

0.80-1.10 

O.IS 

0.18 
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Table 2.—Chemical Compositions of S.A.E. Alloy 
Steels ^— Continued 
Tungsten Steels 


S.A.E. 

No. 

Carbon 

Range 

Manga¬ 

nese 

Range 

Phos. 

Maxi¬ 

mum 

Sulphur 

Maxi¬ 

mum 

Chromi¬ 

um 

Range 

Tungsten 

Range 

71360 

0.so-o.70 

0.30 

0.03s 

0.040 

3.00-4.00 

12.00-15.00 

71660 

0.50-0.70 

0.30 

0.03s 

0.040 

3.00-4.00 

15.00-18.00 

7260 

0.50-0.70 

0.30 

0.035 

0.040 

0.50-1.00 

1.50- 2.00 


Silicon-Manganese Steels 


S.A.E. 

No. 

Carbon 

Range 

Manganese 

Range 

Phosphorus 

Maximum 

Sulphur 

Maximum 

Silicon 

Range 

9255 

9260 

0.50-0.60 ' 
0.55-0.65 

0.60-0.90 

0.60-0.90 

0 0 

0 0 

0 0 

0.050 

0.050 

I.80-2.20 

I.80-2.20 


1 S.A.E. Handbook, 1936, (These are as adopted by the Society of Auto¬ 
motive Engineers in January, I93S. and are subject to future revision.) 


Characteristics of Tool Steel 

The characteristics of tool steel, as shown in Fig. i are for general 
information, not for the selection of specific steels for specific uses. 
It will serve as a guide for making a chart to fit the particular needs 
of any shop. In making up such a chart for shop use, the best 
exp>erience available in that shop should be included in that chart 
and all later experience added as it occurs. It may be well to add 
trade names, as well as the shop symbols used, as these make a 
convenient reference. An additional list of the heat-treatments 
of each steel will be of value. 

Deep Freezing 

Deep freezing is another application of artificial cold to machine 
work. It has been found that cutters of various kinds have a 
greatly increased life if they are frozen for several hours at 120 
degrees below zero and then permitted to return to room temper¬ 
ature. It is claimed that broken milling cutters can be brazed, and 
will become hardened if deep frozen. 

Deep'freezing is also said to improve the machining quality of 
S.A.E. 4340. Some other steels, such as S.A.E. 2512, can be made 
somewhat harder by deep freezing after heat treatment. The 
effect of the treatment depends on the content of the steel, those 
high in nickel being most affected. 



TOOL STEEL CHARACTERISTICS 
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METALS AND OTHER MATERIALS 



♦ In cyanide or activated baths. J For case hardness only, 

t Normalize at least so°F* above carburizing temperature. § For core hardness. 
















Table 3 .—Recommended Heat-Treatment of S.A.E. Steels ^— Continued 
Tempering Alloy Steels 


HEAT-TREATMENT 1015 


Draw 

To required hardness 

To required hardness 

To required hardness 

To required hardness 

To required hardness 

To required hardness 

To required hardness 

To required hardness 

To required hardness 

To required hardness 

To required hardness 

To required hardness 

To required hardness 

To required hardness 

To required hardness 

To required hardness 

To required hardness 

To required hardness 

To required hardness 

To required hardness 

To required hardness 

To required hardness 

Cooling Method 

Quench 

Quench 

Oil 

Oil 

Oil 

Quench 

Quench 

Oil 

Oil 

Oil 

Oil 

i Oil 

So 0 

0 s 

So 

Quench 

Oil 

Oil 

Hardening 

Temperature 

0 0 to 

0 0 t'- 

io 10 Tf Tt rf 

'00^ 

10 10 <H t't N 
rt rf Tf ^ rt 

000000 0 
lO 10 to 10 to 10 to 
to 10 to to to to to 

o' 6 ‘'o d o' 0 o' 
000000 0 
to to to to to to to 

0 to to 

to to 

d to to 

0 ft 

to '<t 

>0 to 

fi 

to 't 

to to 

N 

to 0 
to 

0 to 0 
to ft 0 

0 OO 

^ to^ 

to ft 0 
to to to 

Anneal 

Yes—(to machine) 

Yes—(to machine) 

Yes—(to machine) 

Yes—(to machine) 

Yes—(to machine) 

Yes—(to machine) 

Yes—(to machine) 

Yes—(to machine) 

Yes—(to machine) 

Yes—(to machine) 

Yes—(to machine) 

Yes—(to machine) 

Yes—(to machine) 

Yes—(to machine) 

Yes—(to machine) 

Yes—(to machine) 

Normalize 

Yes 

Yes 

Yes 

’ 0 -O' 

• to • to • 

! M i M . V) w 

• 0 • 0 -pH 

. to • to • 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Treat. 

No. 

I 

II 

I 

II 

I 

t-4 (-1 h-f t-t t-l M 

H-l t-t 1—1 

►-(M >-1 


HHI-H 

HH h-tt-H 








CO 

0 to 0 to 0 

ro ro'^^to 
fO ro ro ro fO 

N « N M « 

too 0 0 too 
« ro PO'tt'tt Tf 10 

M M H M H M H 

cOfOrofOrO tO ro 

X 

0 0 to 0 

fo 'It tHO 

N N N N 
fO fO fOfO 

to to 0 

N fO Tt 
ro fO fO 
ro fO fO 

3435 

3450 

0 0 00 

fO fO^ttO 

X 















Table 3.—Recommended Heat-Treatment of S.A.E. Steels ^— Continued 


1016 METALS AND OTHER MATERIALS 


1 Draw 

To required hardness 

350/450 

To required hardness 

To required hardness 
375/450 

To required hardness 
375/425. 

To required hardness 

To required hardness 

To required hardness 

To required hardness 

To required hardness 

To required hardness 

To required hardness 

To required hardness 

To required hardness 

Cooling Method 

0 00 

Oil 

Oil 

Oil 

Oil 

Water 

Oil 

Quench 

Quench 

Oil 

Oil 

Water 

Oil 

0 

Hardening 

Temperature 

* 

to 0 0 

N 0 

HO tfl 

M M H 

to 0 0 
r- 10 10 

* 

0 0 »o 0 

0 0 

0 VO »0 TfO 

0 VO N 0 

VO rf Tf Tf Tf to 

to to 0 to to 0 

N N to « Q 

00 'O 0 tTO 

VO to 0 VO VO 0 

10 N N 0 
lovo to VO ttvo 

1500/1650 

Anneal 

Yes—(to machine) 

Yes—(to machine) 

Yes—(to machine) 

Yes—(to machine) 

Yes—(to machine) 

Yes—(to machine) 

Yes—(to machine) 
1350/1450 and cool slowly 

Yes—(to machine) 

Yes—(to machine) 

1330/1380 and cool slowly 



2 

> 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

1650/1750 

Yes 

Yes 



Treat. 

No. 

I 

II 

* * 

* * 

(-« t-H 

l-t H 4 >-( 
t-» 

1—1 

S.A.E. 

No. 

0 to 0 

2 . ® 5 

■<t *0 0 

M M M 

10 lA e« 

w> 

VO 0 >0 0 VO 0 VO 

Cl ro ro ^ ^ VO Ot 

0 vO ^ 0 0 0 vD 

VO 0 
too 

M 


♦ In cyanide or actuated baths. For gear. 
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The Rockwell Test 

The Rockwell test, like the Brinell test, measures indentation 
hardness (resistance to penetration) but differs in that the Rockwell 
Tester is a direct-reading instrument. Two loads are applied: one, 
resulting from bringing the specimen into spring-loaded contact 
with the indenter, which breaks through dirt and irregularities of 
finish on surface of specimen; and the other, which is the major or 
testing load, causing an increase in penetration due to increment of 
load. The dial readings are actually readings of penetrator motion 
with respect to the head of the machine, and, as the operator sets 
the dial to zero after the minor load is applied, the readings indicate 
the increment of indentation due to the increment of load. To 
meet the general concept high numbers for hard materials, the 
pointer is made to move to lesser and lesser numerical values as 
the indentation increases. 

The Rockwell Tester is made in two general types. The Normal 
type applies a minor load of 10 kilograms (about 22 pounds) and 
selective major loads of 60 kilograms, 100 kilograms, and 150 kilo¬ 
grams. The Superficial t>pe applies a minor load of 3 kilograms 
and selective major loads of 15 kilograms, 30 kilograms, and 45 kilo¬ 
grams. The purpose of the Superficial type is to test to only a very 
shallow extent, as required on lightly carburized or nitrided steel 
and any metal in sheet or strip form that is too thin for indentation 
with the Normal type. 

One point of hardness on the dial of the Normal type corresponds 
to 0.00008 inch in depth of impression. The Superficial type has a 
depth-measuring system of twice that sensitivity. 

With both the Normal and Superficial type of the Rockwell 
Tester, hardened steel is tested with a diamond penetrator ground 
to a cone of 120 degrees and a tangentially spherical point of 0.2 
millimeter radius. Unhardened steel and brass are tested with a 

inch diameter steel ball penetrator. 

Principally Used Scales. —The most extensively used scales 
(combinations) are as follows: 

1. With a spheroconical diamond penetrator different loads 
give scale A for 60 kilograms; scale C for 150 kilograms; scale 15-N 
for 15 kilograms; scale 30-N for 30 kilograms. 

2. With -^^-inch ball penetrator, the loads give scale B for 100 
kilograms; scale F for 60 kilograms; scale 15-T for 15 kilograms; 
scale 30-T for 30 kilograms. 

Scleroscope Reading 

In the Shore Scleroscope, a miniature drop hammer tup falls from 
a fixed height to the surface of the metal being tested. The height 
of the rebound indicates the hardness on an arbitrary scale which 
has 115 divisions, these meeting all usual requirements. This 
method can be applied to any material which will take a permanent 
set under impact. For, no matter how hard the material, the 
falling weight, weighing about 40 grains, makes a dent which can be 
seen with a glass. 

The following table shows the readings which will be obtained on 
th^ Scleroscope for the materials indicated, thus giving the com¬ 
parative hardness of the materials. 
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ScLEROscoPE Hardness Scale 


Metal 

Annealed 

Hammered 

Lead — cast. 

2- 5 

4 “ 0 

4 — 7 

Babbitt. 


Gold . 

c 

81 

20- 30 

Silver. 

6i 

7 - 3 S 

8 

Brass — cast. 

Pure Tin — cast. 

12 

Brass — drawn. 

10-15 

9 

20- 45 

Bismuth — cast. 

Platinum. 

10 

17 

14- 20 

20 

Copper — cast. 

6 

Zinc — cast. 

8 

Iron — pure. 

18 

25- 30 

30- 45 

55 

Mild steel, 0.15 carbon. 

22 

Nickel Anode — cast. 

31 

30-45 

Iron, gray — cast. 

Iron, gray — chilled. 

so- 90 

40- SO 

Steel, tool, 1% carbon. 

30-35 

35-40 

35-45 

47 

Steel, tool, 1.65% carbon. 

Vanadium steel. 


Chrome Nickel. 


Chrome — Nickel, hardened. 

60- 95 
70-105 
90-110 

Steel, high speed, hardened. 


Steely carbon, tool, hardened. 





Note. —These figures vary with the composition and density 
of the metals. They are about J those of the Brinell test for equal 
hardness, varying somewhat with the kind of metal. 


HARDENING STEEL BY SHOT-BLASTING AND MAGNETISM 

It is well known that some steel “work hardens” from contact 
with the cutting tools, especially after they become dull. Shot¬ 
blasting with steel balls also hardens the surface by a peening 
action. In Britain this is called “cloudburst.” Edward G. Her¬ 
bert has found that work hardened steel becomes harder still when 
placed across the poles of an electro-magnet and rotated first in 
one direction and then in the other. We know of no practical 
application of this method as yet. 

FUNDAMENTAL HARDENING RULES^ 

Heating is to be done gradually and penetratingly, until the whole 
section of the part of the tool to be hardened has reached the right 
hardening temperature of the particular steel used. The tool 
should be kept at the hardening temperature only long enough to 
permit thorough heating. 

1 Weston Electrical Instrument Corporation. 
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The tool should then be hardened in accordance with its require¬ 
ments more or less vigorously by quenching in a suitable hardening 
medium. Temper can be drawn if required. 


Frequent Faults in Hardening 


Fault in Hardening 

Appearance of the 
Tool Resulting 
from the Fault 

Appearance of 

1 Fracture 

Possible Means 
of Correcting the 
Faults of 
Hardening 

The tool has been 
heated insuffi¬ 
ciently, that is, 
has not been 
heated at the 
correct harden¬ 
ing temperature 

Has not been 
hardened or is 
insufficiently 
hard. Has re¬ 
tained its scale 
wholly or in 
part. Can be 
filed 

Has more or less 
the appearance 
of unhardened 
steel 

Hardening is to 
be repeated at a 
higher tempera¬ 
ture 

The tool has been 
heated to above 
the correct hard¬ 
ening tempera¬ 
ture. that is. 
overheated 

Sufficient hard¬ 
ness; normal 

amount of scale; 
cannot be filed. 
The tool may 
crack easily 
during harden¬ 
ing owing to in- 
sufficient 
toughness. 
Breaks away 
during use 

Varying from fine 
to coarse grain, 
in some cases, 
glittering; occa¬ 
sionally stony 
appearance 

Should the over¬ 
heating be only 
slight, hardening 
can be repeated 
at a lower, that 

is, the right, 
temperature. 
Should the heat¬ 
ing, however, be 
greater, the steel 
should be an¬ 
nealed before¬ 
hand and then 
rehardened. If, 
as with chisels, 
the form of the 
tool will permit 

it, the steel 
should be re¬ 
forged 

The tool has been 
very severely 

overheated, that 
is, burned 

Sufficient hard¬ 
ness ; normal 

amount of scale; 
cannot be filed. 
Owing to lack of 
toughness, the 
tool cracks and 
breaks out easily 
during use 

Coarse grain to 
coarse crystal¬ 
line, strong 
white sparkle 

A burned tool 
cannot be ren¬ 
dered service¬ 
able 

The tool has not 
been sufficiently 
protected against 
decarburization 
of the surface 
during heating 

Has apparently 
not taken suffi¬ 
cient hardness; 
imperfect scal¬ 
ing- surface can 
be filed; beneath 
soft decarbon¬ 
ized surface 
proper hardness 
IS often found 

A wider or nar¬ 
rower edging, 
depending on 
the intensity of 
the decarboni¬ 
zation, will 
show on the 
outside. This 
edging will be 
very sparkling 
and resemble 
cast iron. Be¬ 
low it the grain 
will be in ac- 

Grind away the 
decarbonized 
surface. If this 
is not possible 
and the decar¬ 
bonization is not 
deep, the tool 
may be annealed 
in a case-hard- 
eping material 
(that is, carbon¬ 
ized leather) 
and then re- 
hardened. 
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Frequent Faults in Hardening— Continued 


Pault in Hardening 

Appearance of the 
Tool Resulting 
from the Fault 

Appearance of 
Fracture 

Possible Means 
of Correcting the 
Faults of 
Hardening 



cordance with 
hardening 

Should the de¬ 
carburization be 
deep, anneal and 
reforge the piece 
and then harden 
afresh 

The tool has been 
heated too quick¬ 
ly and irregular¬ 
ly 

Unequal hard¬ 
ness (the edges 
are generally 
sufficiently 
hard); imper¬ 
fect scaling. 
Can be filed in 
places. The 
tool cracks eas¬ 
ily, corners or 
teeth break out 
with shell frac- 
tures, large 
pieces burst 

Unequal appear¬ 
ance. Partly 
unhardened, 
partly proper¬ 
ly hardened. 
Often overheat- 
ed grain on 
edges and thin 
portions 

' Anneal and re¬ 
harden correctly 

The part of the tool 
to be hardened 
has not been 
cooled suddenly 
enough, either 
because the 
hardening medi¬ 
um has become 
too warm or be¬ 
cause a wall of 
steam has been 
allowed to form 
between the tool 
and the harden¬ 
ing medium 

Insufficient hard¬ 
ness, especially 
with large 
pieces. Edges 
are generally 
hard. Sur¬ 
faces, particular¬ 
ly large ones, 
can be filed,how- 
ever, even 
though they 
scale properly 

Only edges and 
thin portion 
properly hard¬ 
ened, otherwise 
—particularly 
on the surface— 
unhardened or 
not quite 
enough grain 

The hardening is 
to be repeated, 
care being used 
that the cooling 
takes place rap¬ 
idly enough, ei¬ 
ther by the use 
of a spray or 
blast pipe or by 
moving the piece 
about in the 
hardening medi¬ 
um. Compli¬ 
cated pieces 
should De an¬ 
nealed before¬ 
hand 

The tool has been 
hardened in a 
hardening medi- 
um (for ex- 
ample; oil, air, 
etc.) which was 
too mild for the 
quality of the 
steel, or for the 
particular pur¬ 
pose for which 
the tool is re¬ 
quired 

Insufficient hard¬ 
ness; edges and 
thin sections 
sometimes 
hard; larger sec¬ 
tions and sur¬ 
faces soft; gen¬ 
erally insuffi¬ 
cient scaling; 
can be filed in 
i parts 

Resembles at the 
soft parts more 
or less the frac¬ 
ture of the un¬ 
hardened steel 

Hardening is to 
be repeated in a 
stronger harden¬ 
ing medium 

The tool has been 
hardened in a 
' hardening medi¬ 
um (for exam¬ 
ple,brine) which 
was too strong 
for the quality 
of the steel or 
for the particu¬ 
lar purpose for 
which the tool is 
required 

Proper hardness, 
normal scaling, 
cannot be filed; 
hardening 
cracks appear; 
i great distortion; 
i tool is brittle 

Hardening grain 
is good; very 
deep; some¬ 
times shows 
complete hard¬ 
ening 

Relieve the brit¬ 
tleness by draw¬ 
ing the temper 
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The Natoal Fracture of the Tool Steel (Unannealed, Unhard¬ 
ened). —This should show an even gray, dull grain, which is coarse 
with soft steels and finer with hard steels. Alloy steels show a 
fracture in accordance with the alloy used and have a more or less 
velvety appearance and a coloring of their own. 

The Fracture of Annealed Tool Steel.—Through proper annealing 
the texture of the steel becomes brighter, the fracture is more 
regular, the grain rather fine. The brightness, however, is easily 
distinguishable from the sparkling brightness of overheated steel. 

The Fracture of Badly Annealed Tool Steel. —Insufficiently 
annealed steel has a fracture more or less like the natural fracture. 
Overannealed steel has a coarser crystalline and very brilliant 
fracture. Should air have penetrated to the steel during the 
process of annealing, the fracture will show, on the surface, a 
decarburized edging resembling cast iron. 

The Fracture of Hardened Tool Steel. —The fracture of the 
hardened layer of a properly treated steel will have the finest grain 
that it is possible to attain with the particular quality of steel used. 
This grain will be very fine, velvety, and dull. The differences of 
grain between a soft and hard steel will almost entirely disappear 
at the hardened layer. The fracture of alloyed steels will have a 
particularly fine dull texture. Depth of the hardened layer depends 
on the chemical composition of the steel and, in some qualities, also 
on the manner of annealing. 

The Right Hardening Temperature of a Steel. —This is the lowest 
temperature at which the steel will take a good hardness. At this 
temperature the steel will have the best combination of hardness 
and toughness. If treated at a higher temperature, it will simply 
lose in toughness without gaining in hardness. This correct harden¬ 
ing temperature is not the same in all qualities of steel. 

The ^ght Tempering Color. —This is the color by which the tool 
obtains sufficient toughness for the purpose for which it is intended 
while retaining the greatest possible hardness. 

HEATING RATE OF VARIOUS SHAPES 

The relative time needed to heat pieces of different shapes is 
shown in Table 3. 

Work with black surface heats faster than that with bright 
surfaces. The table, from the Carpenter Steel Company, shows 
the comparative rates. 

In drawing the temper of carbon tools remember that both time 
and temperature affect the results. The lower the drawing heat, 
the more time must be given to relieve strains. A general rule is to 
draw at least i hour for every inch in thickness. This should be 
doubled where there are sharp corners or unequal sections. 
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Time Required to Heat Monel, Nickel, and Inconel 
TO Forging Temperature 


Size of Round 
or Square, 
in Inches 

Total Time in Furnace, in Minutes 

Monel 

Nickel 

Inconel 

i 

2-5 

3-7 

4-10 

I 

6-10 

9-16 

12-20 

2 

16-23 

23-35 

34-45 

3 

30-40 

45-60 

60-80 

4 

4 S- 6 o I 

70-90 

90-120 

6 

7S-IOO 

110-140 

150-200 


Furnace Atmosphere 

Three types of furnace atmosphere are now recognized; oxidizing^ 
neutral^ and reducing. An oxidizing atmosphere has more air than 
is necessary for combustion. A reducing atmosphere has too little 
air for combustion leaving an excess of gas. Complete combustion 
produces a neutral atmosphere, which it is almost impossible to 
maintain. 

An oxidizing atmosphere produces scale and tends to melt this 
scale on the surface of the work which some call ^‘sweating.” A 
reducing atmosphere prevents scale at the high temperatures used 
in hardening high-speed steel and is not active in decarburizing the 
surface. In a reducing atmosphere the excess fuel will burn at the 
ports in contact with the outside air. A wood block will char but 
not flame in a reducing atmosphere. 

QUENCHING BATHS 

Still, fresh water is not a good cooling bath. Fresh water dis¬ 
solves gas from the air. This gas settles on the tool, forming 
bubbles that retard cooling at these points, leaving soft spots on the 
work. Salt in the water prevents the formation of the gas and 
throws the scale better than fresh water, this being its only advan¬ 
tage. From 5 to lo per cent of salt in a still tank is good for 
quenching tool steel. Temperature should be from 70 to ioo°F. the 
year round. A 5 per cent caustic soda bath is fast and efficient 
but is corrosive to hands and clothes. It is seldom necessary. 

Oil Baths 

Oil baths of many kinds are used for high-speed and other oil¬ 
hardening steels. It should have a flash point of 35o°F., or higher, 
and low viscosity. It should not have a bad odor. Oil flows 
freely at i40®F. and quenches well at that point. It is circulated 
through cooling coils where large quantities of work are handled. 
On cold mornings it should be heated to 90 or ioo°F. before using. 
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Salt Baths 

Sometimes used for high-speed steel. They permit rapid cooling 
to bath temperature and slower rate to room temperature. Must be 
finally cooled below 2oo®F and drawn as in other cooling methods. 


Table 4.—Fixed Points for Thermometer Calibration 
Commonly Used in the Heat-Treating Department 




Temperature 

Substance 

Point 

Thermo, 

Scale, 




“C. 

Alcohol, ethyl. 

Boils 

173.0 

78.3 

Aluminum (Al), pure metal. 

Melts 

1218.0 

658.7 

Antimony (Sb), pure metal. 

Melts 

1166.0 

630.0 

Barium (chloride) (BaCL) salt. 

Melts 

1760.0 

960.0 

Benzene. 

Boils 

176.0 

80.0 

Cadmium (Cd), pure metal. 1 

Melts 

624.2 

320.9 

Cobalt (Co), pure metal. 

Copper (Cu), pure metal. 

Melts 

2696.0 

1480.0 

Melts 

1983.0 

1083.0 

Glycerine. 

Boils 

554-0 

290.0 

Gold (Au), pure metal. 

Melts 

1945 -4 

1063.0 

Iron (Fe), pure metal. 

Melts 

2912.0 

1600.0 

Lead (Pb), pure metal. 

Melts 

620.0 

327.0 

Mercury (Hg), pure metal. 

Solidifies 

1730 1 

78-5 

Mercury (Hg), pure metal. 

Boils 

675 0 ! 

357-3 

Nickel (Ni), pure metal. 

Melts 

2645.6 

1452.0 

Platinum (Pt), pure metal. 

Melts 

3191.0 I 

1755 ° 

Potassium nitrate (KNO3) salt. 

Melts 

642.0 

337.0 

Silver (Ag), pure metal. 

Melts 

1769.0 ! 

960.5 

Sodium chloride (NaCl) salt. 

Melts 

1481.0 

805.0 

Sodium nitrate (NaNOg) salt. 

Melts 

S 93-6 i 

312.0 

Sodium sulphate (NagSO^) salt. 

Melts 

1623.2 

884.0 

Sulphur (S), amorphous. 

Boils 

833-0 

444-7 

Tin (Sn), pure metal. 

Melts 

450.0 

232 .0 

Tungsten (W), pure metal. 

Melts 

7052.0 

3400.0 

Water, distilled. 

Boils 

212.0 

100.0 

Zinc (Zn), pure metal. 

Lead, 35%slowest melting alloy of 

Melts 

786.2 

419.0 

Tin, 65%/ these two metals. 

Melts 

358.0 

181.0 

melting 

SoSi""' 

sulphate, 55%) . 

Melts 

1154.0 

623.0 

r/^o? ) lowcst melting mix- 

nitrate, 50%) .j 

Melts 

424.0 

218.0 
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Air Quenching 

Air cooling, recommended for some highly alloyed steels, requires 
a free circulation of air past the steel. A fan blast accelerates 
cooling. Dry compressed air is sometimes used to cool parts 
of the steel rapidly. Moisture in air may crack the steel. 

Do not temper (or draw) tool steel until it has cooled so it can be 
handled. But do not let it get really cold before drawing. Keep it 
warm if necessary, in warm quenching oil. 


Table 5.—Drawing Bath Mixtures 
For names of salts designated, see Table 4 


Material 

Melt¬ 

ing 

Tem¬ 

pera¬ 

ture 

Range, 

“F. 

Remarks 

67 % NaNOa 

33 % KNO3 

450 

SOO-IOOO 


SO % NaNOa 

50 % NaNOa 

350 

355-1000 


100 % NaCl 

. 

100 % Na 2 S 04 

1510 

1535 

1515-1830 

1545-1830 

Fumes destructive to fire 
clay 

Na 2 S 04 destructive—use 
metal pots 

77 % NaCl 

23 % Na 2 S 04 

1340 

1350-1830 

Fumes not to come in con¬ 
tact with fire clay 

50 % NaCl 

50 % Na 2 S 04 

1157 

1170-1650 

Lowest melting salt mix¬ 
ture 

27 % NaCl 

73 % Na 2 S 04 

136s 

1375-1740 

Not corrosive to metal 

100 % KNOs 

100 % NaNOs 

650 

590 

655-1200 

600-1200 

Decomposes before boiling 
Do not oveiheat 

78 % KNO3 

22 % NaNOa 

490 

500-1290 

Good temper bath 

S4 % KNO3 

46 % NaNOs 

430 

435-1200 

Lowest melting salt mix¬ 
ture 

23 % KNO3 

77 % NaNOa 

545 

555-1200 

Overheating breaks up salt 

100 % Sb 

100 % Pb 

1170 

620 

1180-1470 

630-1290 

Cover metal with charcoal 
Oxidizes rapidly if over¬ 
heated 

Good for normalizing 

35 % Sb 

6 s % Pb 

750 

760-1290 

13 % Sb 

87 % Pb 

475 

485-1290 

Lowest melting alloy 
Lighter in weight than lead 

SS % Sb 

45 % Pb 

930 

j 945-1380 


A very good table from which to make up baths for drawing the 
temper follows. See Table 6. 

Sodium cyanide is now used in place of potassium cyanide where 
only a thin skin of hardening, or light case, is desired. It is much 
less expensive than potassium cyanide and equally effective. 

HARDNESS AND TENSILE STRENGTH 

As some hardness specifications refer to tensile strength instead 
of the Brinell or Rockwell numbers, the table on page 1057 will be 
foimd useful in making comparisons. 
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Table 6.—Other Baths for Drawing Carbon Tools 


Composition 
of Bath 

Lead and Tin 

Melting 
Point in 
Degrees 
Fahren¬ 
heit 

Color of Steel at 
Temperature Given 

Good Temper for 
Carbon Steel 

14 

8 

420 

Very faint yellow 


IS 

8 

430 

Faint yellow 


16 

8 

440 

Light straw 


17 

8 

450 

Straw 

Drills, taps, dies, ream- 

i8.s 

8 

460 

Full straw 

ers, punches, and shear 
blades 

20 

8 

470 

Dark straw 


24 

8 

480 

Old gold 


28 

8 

490 

Brown 

Cold chisels, large 

38 

8 

510 1 

Brown with pur¬ 

punches, beading and 
calking tools 

60 

8 

530 1 

ple spots 

Purple 


96 

8 

550 

Deep purple 

Smith’s tools, swages, 

200 

8 

560 

Blue 

hot and cold cutters 

Boiling linseed 

600 

Dark blue 

Boiler snaps or sets, 

oil 

1 

Melted lead 

1 

610 

Gray blue 

stamping and pressing 
dies 


These are used in a similar manner to the hardening baths, select¬ 
ing the bath which gives the proper drawing temperature. 


USES OF CARBON TOOL STEELS^ 

Carbon—0.60 to 0.70.—Use where a keen edge is not necessary, 
as for: 


Brick chisels Rivet sets 

Drop hammer dies Setscrews 

Gardening tools Tongs 

Granite wedges Valve links 

Pick points Key steel 


Forge at i6oo°F. Harden at 1410 to i45o°F. 

Carbon—0.70 to 0.80.—Combines toughness with considerable 
degree of hardness. Use for: 


Anvil faces 

Blacksmiths’ hammers and tools 

Bucket teeth 

Cold chisels 

Log^ng tools 

Mining drills 


Pneumatic hammer tools 

Shear blades (large) 

Tongs 

Wrenches 

Rivet sets 


Forge at i6oo®F. Harden at 1400 to i44o°F. 

> The Midvale Company. 
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Carbon—o.8o to 0.90.—Combines toughness with hardness. 
Use for: 


Ball peen hammers 
Beading tools 
Cruciform drill steel 
Hand chisels 
Hot chisels 
Punches 


Pneumatic hammers 
Cylinders 
Quarry drills 
Shear blades 
Sprinjg steel 
Vise jaws 


Forge at i6oo°F. Harden at 1390 to i43o°F. 

Carbon—0.90 to i.oo.—Combines hardness with toughness. 
Use for: 


Cant dogs Machinists’ hammers 

Cold heading dies Pocket knife blades 

Forming, punching, and trimming Shear blades (small) 

dies Spring steel 


Forge at i6oo°F. Harden at 1390 to i43o°F. 

Carbon—i.oo to i.io.—For tools in which hardness is prime con¬ 
sideration. Examples: 

Axe bits Lathe centers 

Collets Molders’ tools 

Coining dies Scythe edges 

Flat dnlls 


Forge at i6oo®F. Harden at 1390 to i43o®F. 

Carbon—i.io to 1.20.—For use where hardness is prime con¬ 
sideration. Examples: 


Ball bearings 
Cold cutting dies 
Drawing dies 
File cutting chisels 
Flat or twist drills 
Lathe and planer tools 


Reamers 

Silversmiths’ dies 
Taps 

Plug drills 

Woodworking knives 


Forge at i5oo®F. Harden at 1385 to i430°F. Small tools 
should be treated in oil. 

Carbon—1.20 to 1.30.—Tools for which hardness or a keen cutting 
edge is necessary. Examples: 


Brass turning tools Reamers 

Cabinet files Stpne planing tools 

File cutting chisels Wire drawing dies 

Granite chisels and points Wood turning tools 

Forge at i5oo®F. Harden at 1385 to i430°F. Small tools should 
be treated in oil. 

Carbon—1.30 to 1.40.—For use where a keen edge is of prime 
importance. Examples: 

Boring and finishing tools 

Cutters 

Wire drawing dies 


Forge at i$oo°F. Harden at 1385 to i425®F. Small tools 
should be treated in oil. 


Heat-Treatment 

Annealing.—Carbon tool steel to be annealed should be heated 
uniformly and slo.wly to i4oo®F., and not in direct contact with the 
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fire. It should then be buried in air-slaked lime, dry sand, fine 
ashes, or other poor conductor of heat. If the pieces are small, the 
covering material should be heated, or they can be placed while hot 
between two pieces of pine wood and buried as previously stated. 
Do not remove until cold. If the forgings are thick-walled or of 
complicated shape, the best practice after rough machining is to 
quench them in oil from a temperature slightly above the critical 
point and temper them below the critical range, at about i25o°F. 
Final hardening can then be done without distortion. 

Hardening. —Heating for hardening must be uniform, the degree 
to be governed by the carbon in the metal. High-carbon steel is 
heated to a lower temperature than low-carbon steel. If tool steel 
is slightly overheated, let it cool down to a black condition and 
reheat for hardening; never let it cool to the proper temperature 
and then quench. Intricate sections are often hardened in oil, and 
it may be necessary to go from 50 to 100 degrees above the hardening 
temperature proper for water. 


Table 7.—Tempering Table 


Tempera¬ 
ture for 

I Hour 

Color 

Tempera¬ 
ture for 

8 Minutes 

Suggested Uses 

F. 

C. 


F. 

C. j 


370 

188 

Faint 

yellow 

460 

238 

Scrapers, brass turning tools, 
reamers, taps, milling cutters, 
saw teeth 

390 

199 

Light 

straw 

510 

265 

Twist drills, lathe tools, planer 
tools, finishing tools 

410 

210 

Dark 

straw 

560 

293 

Stone tools, hammer faces, chisels 
for hard work, boring cutters 

430 

221 

Brown 

610 

321 

Trepanning tools, stamps 

Cold chisels for ordinary work, 
carpenters’ tools, picks, cold 
punches, shear blades, slicing 
tools, slotter tools 

450 

232 

Purple 

640 

337 

490 

254 

Dark 

blue 

660 

349 

Hot chisels, tools for hot work, 
springs 

Sio 

265 

Light 

710 

376 

Springs, screw drivers 



blue 

1 




Note. —It will be noted that two sets of tenmeratures in Fahrenheit and 
centigrade degrees are shown, one being specified for a time interval of 8 
minutes, the other i hour. Articles to be tempered should be placed in the 
bath, the temperature then being brought up to that shown in the table and 
held for the time required. This method gives results far superior to the 
old, and the long draw at the lower temperature will put the steel in the best 
condition of all. 
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HIGH-SPEED STEELS 

These steels are made by alloying tungsten, chromium, molyb¬ 
denum, vanadium, and other alloys with steel. These compositions 
completely revolutionize the points of transformation. Chromium, 
which has a tendency to raise the critical temperature when added 
to a tungsten steel in the proportion of i or 2 per cent, reduces the 
critical temperature to below that of the atmosphere. Tungsten 
and molybdenum prolong the critical range of temperatures of the 
steel on slow cooling so that it begins at about i3oo°F. and spreads 
out all the way down to 600 degrees. 

These steels are heated to 1850 degrees for the molybdenum and 
2350 degrees for the tungsten and are cooled moderately fast, 
usually in an air blast, to give them the property known as “red- 
hardness.” This treatment prevents the critical changes altogether 
and preserves the steel in what is known as the “austenitic condi¬ 
tion.” The austenitic condition is one of hardness and toughness. 

One rule which has given good results in heat-treating these 
high-speed steels is to heat slowly to i5oo°F., then heat fast to 
235 o°F.; after which, cool rapidly in an air blast to i55o°F.*, then 
cool either rapidly or slowly to the temperature of the air. Others 
advocate cooling in crude oil. 

Commonly used high-speed steels are known as 18-4-1 and 
18-4-2, composed of 18 per cent tungsten, 4 per cent chromium, and 
I or 2 per cent vanadium. In some 18-4-1 steels from 5 to 12 per 
cent of cobalt is added. 

ALLOY-STEEL DEVELOPMENT 

Alloy steels have been developed to meet the needs of modern 
industry which required tougher, stronger, and harder steels than 
can be obtained in simple carbon steels. The growth of the auto¬ 
mobile has been made possible by this development, which, in turn, 
came to meet the needs of the automobile builders. The alloy 
steels vary widely in kind of alloy and in the proportion of alloy 
and of carbon content. The special alloy should be chosen to suit 
the particular requirements of each special case, although there 


Ingredient Its Effect 

Iron. The basis of all steel. 

Carbon. The determinative. 

Sulphur. The strength sapper. 

Phosphorus. The weak link. 

Oxygen. A strength destroyer. 

Manganese. Adds strength. 

Nickel. Adds strength and toughness. 

Tungsten. Hardener and heat resister. 

Chromium. For resisting shocks. 

Vanadium. Purifier and fatigue resister. 

SiHcon. Impurity and hardener. 

Titanium. Removes nitrogen and oxygen. 

MolyMenum... Hardener and heat resister. 

Aluminum.. Kills or deoxidizes steel. 
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are, of course, several alloy steels which will satisfactorily cover 
a large variety of requirements. It must be remembered, however, 
that no alloy steel is a universal steel and best for all purposes. 

The making of alloy steel requires care since much of its value 
depends upon its being uniform both in physical and in machining 
qualities. 

The various ingredients of alloy steels may be summed up in 
the working of steel as shown in the table on page 1030. 

Functions of Different Elements 

We can sum up the different elements in ordinary alloy steels to 
have the following functions: carbon for hardness and rigidity; 
manganese for toughness; silicon as a sort of adjuster; sulphur and 
phosphorus as lubricants; chromium as a refiner of grain and to add 
hardness to help carbon; nickel as a protecting support of structure 
and as an aid to stability; and vanadium in small doses to act as a 
scavenger—in high percentage it is a great resister of friction. 

In heat-treating alloy steel there are certain factors to bear in 
mind. These factors may vary slightly as to the duration of heat 
limits, but they are always present, and the following points must 
be considered: 

1. We must know the critical points. 

2. We must not fall below high critical point when soaking steel. 

3. Steel of the same analysis must have the same length of time 
for soaking to give uniform results. 

4. Quenching must be done within certain limits of temperature, 
depending on the quality of the work performed, or uniform results 
cannot be obtained. 

5. Tempering heats vary on a io°F. basis; very close heat limits 
must be established for the quality of work desired. 

6. A low limit must be set as to the time necessary for soaking 
at high heat. This heat must not fall below the heat wanted while 
being soaked, for if it does, the timing must begin when this tem¬ 
perature is again reached. Too long soaking may cause a reaction, 
giving a dry steel with a great drop in elastic strength. 

7. When taken out of the furnace, the work should be buried in 
lime and thoroughly covered with no chance for air pockets. Air¬ 
cooled steel will contain hard spots on the surface and soft spots in 
the interior. If no information is at hand as to the critical points 
of steel, they can very easily be ascertained by pyrometer or 
magnet methods. 


Critical Temperatures of Steel 

The critical temperatures of steel in heating and in cooling are 
very important. These are called ‘‘calescent” and ‘‘recalescent’* 
and are found by careful use of the pyrometer. The calescent point 
can be determined by use of the pyrometer by closely watching 
its needle. The thermocouple, or nre end, should be inserted in 
the steel. Drill a hole in the piece to take in the fire end of the 
thermocouple. As the heat advances, the needle will follow until it 
reaches a point where it suddenly stops, wavers, and then suddenly 
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drops several degrees, although the heat is constantly advancing; 
then the needle will again suddenly commence its upward swing. 
Where the needle stops its upward swing and rests is the calescence, 
or low critical, point. 

Now reverse the operation. Heat beyond the critical point 
and shut off the fuel and watch for the same phenomena. The 
needle will fall with heat, suddenly stop, then advance several 
degrees, when it again starts to drop for good. This upper change 
is called the “ recalescence ” point. 

You can also test with an ordinary horseshoe magnet. Touch 
the steel with a magnet during heating, and the temperature at 
which the steel fails to attract the magnet or, in other words, loses its 
magnetism is the point of calescence, or critical point. 

Even Heating Necessary 

Strains in steel are very often caused by having no heat circulation 
about the work, particularly when heating in furnace, by work 
being placed on the furnace floor. Circulation of heat is necessary, 
and the best method is to lay long pieces or strips on raised per¬ 
forated platforms. 

The furnace should be “balanced’’; in other words, the heat 
must be evenly distributed; in fact, several firing ends should be in 
the furnace at all times, connected by a switch to the same pyrometer. 

The cooling agent should also be kept within very close tempera¬ 
ture limits. 


Colors of Heated Steel in Diffused Daylight 

The following list of colors is given by the Vanadium Corporation 
of America: 


Colors Degrees Fahr. 

Dark blood red or black red. 990 

Dark red, blood red or low red. 1050 

Dark cherry red. 1175 

Medium cherry red. 1250 

Cherry, full red. 1375 

Light cherry, bright cherry, *scaling heat. 1550 

Salmon, orange, free scaling heat. 1650 

Light salmon, light orange. 1725 

Yellow. 1825 

Light yellow. 1975 

White. 2200 


♦ Scaling heat: Scales just form but do not fall away when cooling. 

English Suggestions on Hardening High-Speed Steel 

The Sheffield Twist Drill and Steel Company, Ltd., very large 
users of high-speed steels, give general directions as follows: 

Forging.—Heat the steel as slowly as possible to 85o®C., and then 
fairly rapidly to a temperature of 1050 to iioo®C., ensuring even 
heat before working. Care must be taken not to work the steel 
below a red heat hr 850^0. 
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Annealing. —Heat slowly to a temperature of 850 to 9oo°C., and 
maintain this heat until the steel is uniformly heated throughout. 
Then allow the steel to cool down very slowly inside the furnace. 

Hardening. —Preheat slowly to 850 to goo^C., then raise the heat 
rapidly to 1250 to i300°C. Quench in air or oil. 

Tempering or Secondary Treatment. —After the steel is cooled 
from hardening, reheat to a temperature of 560 to 6io°C. It is of 
the utmost importance that the tempering temperature should be 
within the above range. 

Magnetic Superhardening 

Edward G. Herbert of England has found that steel may be 
superhardened by placing the hardened surface across the poles of a 
powerful electromagnet, tapping it lightly, and turning the piece to 
different angles. This is particularly effective in steel that has been 
surface-hardened by the cloudburst method. It is not known to 
what extent this method has been put into practical use. 

Cloudburst Hardening 

This method of raining balls on a metal surface is also used to 
harden it by the cold-working process. The drop is so adjusted as 
to just mark the surface and the piece subjected to a rain of blows 
for a short period till the surface is thoroughly cold-worked. The 
height of the drop is then increased and the process repeated to 
promote hardening without damage to the metal. This is repeated 
until desired results are secured. 

STELLITE 

Stellite was originated and developed by Elwood Haynes. It 
is composed principally of cobalt and chromium with a small 
amount of tungsten. It is not a steel, as it contains practically 
no iron. 

One of the most remarkable properties of stellite is its ability 
to retain a cutting edge at high temperatures. This permits higher 
cutting speeds than are possible with steel tools. Stellite tools 
are made in different grades for various kinds of work. Tools are 
cast close to size and finished by grinding. Turning tools are made 
by brazing stellite tips on steel shanks, which should be large 
enough to prevent springing. In milling cutters, stellite teeth are 
held in a steel body and should be well supported. Stellite tools 
work equally well when hot. Sudden cooling causes checks and 
should be avoided. 

The quality of red-hardness makes stellite particularly useful 
for wearing surfaces subjected to high temperature. Inserts having 
a face of stellite are being used for valve seats in internal-combustion 
engines. 

Chip wear on boring bars and tool blocks can be greatly reduced 
by applying stellite or other wear strips near the cutters to prevent 
ships from cutting the bar. 
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Table 8.—Carpenter Stainless Steels 


Group A 

Group B 

Group C 

Analysis; Groups A and 
chromium steels. Mu 
carbon in the steel by 
the percentage of chron 
result is less than 12.5 ] 
greater than 12.5 per cei 
group may contain sm^ 
nickel, silicon, molybd 
special purposes 

B are primarily straight 
Itiply the percentage of 
17. Subtract this from 
nium in the steel. If the 
^er cent, it is Group A; if 
it, it is Group B, Either 
ill percentages of copper, 
enura, sulphur, etc., for 

Contains at least 24 per 
cent of chromium and 
nickel combined. Nei¬ 
ther chromium nor nick¬ 
el should be less than 
8 per cent. May con¬ 
tain small percentages 
of other elements for 
special purposes 

Magnetic Properties; 
This group is magnetic 

This group is magnetic 

This group is nonmag¬ 
netic 

Heat Treatment; 

Respond to hardening 
and tempering like 
ordinary steels. 

Resulting physical 
properties depend 
largely on carbon 
content 

Do not respond to hard¬ 
ening by heat-treat¬ 
ment 

Do not respond to hard¬ 
ening by heat-treat¬ 
ment 

Toughness: 

Are structurally de¬ 
pendable. Are not 
brittle in sharp- 
notched sections or 
under impact 

Have low impact resist¬ 
ance in notched sec¬ 
tions 

Extremely tough at all 
times. Thoroughly de¬ 
pendable for any type 
of shock service within 
the capacity of their 
strength 

Grain Growth at High 
Temperatures: 

Not subject to exces¬ 
sive grain growth at 
elevated tempera¬ 
tures. Remain 
tough at all tem¬ 
peratures up to 
I40 o“F. 

Prolonged exposure to 
elevated temperatures 
usually causes excessive 
grain growth and brit¬ 
tleness 

Grain growth is rapid 
above i8oo“F. Cau¬ 
tion must be used for 
operating temperatures 
between 800 and 
i50o“P. 

Hot-working Properties: 
Readily forge d, 
pierced, or rolled 

Readily forged, pierced, 
or rolled 

Readily forged, pierced, 
•or rolled 

Air Hardening: 

This group air-hardens 
from above iSOO®F. 

Do not appreciably air- 
harden 

Do not air-harden at all 

Cold-working Qualities: 

Can be cold-drawn in¬ 
to wire, cold-rolled, 
bent, formed, upset, 
coined, and deep- 
drawn 

Can be cold-drawn into 
wire, cold-rolled, bent, 
formed, upset, coined, 
and deep-drawn 

Can be cold-drawn into 
wire, cold-rolled, bent, 
formed, upset, coined, 
and deep-drawn. Work 
harden twice as rapidly 
as Groups A and B 
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Table 8.—Carpenter Stainless Steels— {Continued) 


Group A 

Group B 

Group C 

Machinability: 

Machine satisfactorily 
with properly de¬ 
signed tools. High- 
sulphur types ma¬ 
chine like Bessemer 
screw stock 

Machine satisfactorily 
with properly designed 
tools 

Difficult to machine. 
Become free-machining 
when sulphur or seleni¬ 
um is added to the 
analysis 

Riveting: 

Make excellent cold 
rivets. Not recom¬ 
mended for hot 
rivets driven above 
I500°F. on account 
of air-hardening 

Owing to low impact 
values, special precau¬ 
tions are necessary 
when used for rivets 

Excellent for either hot 
or cold rivets. Hot 
rivets should be heated 
all over to at least 
i8oo°F. 

Welding: 

Can be welded with 
gas, electric arc, or 
resistance. Weld 

air-hardens. No 

grain growth. Free- 
machining types are 
not recommended 
for welding 

Can be welded with gas, 
electric arc, or resist¬ 
ance, Grain growth 
and brittleness may re¬ 
sult 

Easiest group to weld. 
Welds are tough. Cor¬ 
rosion resistance may 
be badly damaged by 
welding. Free-machin¬ 
ing types are not re¬ 
commended for welding 

Corrosion Resistance: 

Very satisfactory for 
resisting weather, 
water, and some 
chemicals 

Better than Group A 

Better than steels of 
equal chromium con¬ 
tent in Group B 

Scale Resistance: 

Recommended for 

continuous service 
up to I200°F. 

Better than Group A. 
Useful temperature in¬ 
creases with the per¬ 
centage of chromium 

Better than steels of 
equal chromium con¬ 
tent in Group B 

Strength at High Tem¬ 
peratures : 

Has better strength 
than carbon steel 
up to I200®F. 

Better than Group A 

Best srecls available are 
of this group 


Stellite is also used for facing the cutting edges of dredge buckets 
and other implements subject to wear from abrasion. Metal¬ 
cutting shear blades are also faced with stellite to increase the wear 
life. In such cases the facing material is usually deposited by the 
oxyacetylene process, using a flame with an excess of acetylene. 

COBALT TOOLS 

In forging high-cobalt steel it must be heated slowly to a scaling 
heat, lemon color, 1800 to 2 ioo°F. Forging at too low a heat causes 
cracks. With the shank and the tip machined ready to braze, the 
tip should be slowly preheated to about i5oo°F. then put in the 
heating furnace and brought up quickly to 2300 or 2375°F., brazing 
the tip at the same time. Cool it in air to about 220 degrees and 
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draw immediately to 750 to 850 degrees for at least an hour after 
the steel has reached this temperature. From 4 to ^ inch must 
be ground from the cutting profile to remove the decarburized 
surface. This must be done wet, with a fast cutting wheel, as 
heating the tip in grinding produces cracks. 

Stainless Steel 

Stainless steel contains chromium of at least 12 per cent and up to 
30 per cent in Type 446 of Republic Steel Corporation. The name 
“stainless” was originally patented by the Firth Company of 
England, but similar steels are made with other trade names. It 
is used for turbine blades, cutlery, thin sheets for airplanes, and 
other uses where resistance to corrosion is imp)ortant. Care must 
be used in forging to prevent stresses due to unequal cooling. High 


Table 9.—Typical Heat-Treatment of Stainless Steels 


Brand 

Name 

Type Analysis 

Forging 

Heats, 

Heats, 

Degrees 

Fahren¬ 

heit 

Annealing 

Treat¬ 

ment, 

Degrees 

Fahren¬ 

heit 

Harden¬ 
ing Treat¬ 
ment, 
Degrees 
Fahren¬ 
heit 

Drawing 

Range 

C. 

Cr. 

Ni. 


Carpenter 
Stainless 
No. I 

0.10 

11.50 

to 

1300 



2100 cool 
in air 

1350 cool 
in air 

1700 to 
1800 
quench 
in oil 

400 to 

1300 

Carpenter 
Stainless 
No. N-i 

1.10 

13 00 

2.00 






Carpenter 
Stainless 
No. 2 

0.30 

in 

13 00 



2100 cool 
slowly 

1450 cool 
in 

furnace 

182s 

quench 
in oil 

300 to 400 

Carpenter 
Stainless 
No. 2-B 

1.00 

17 00 



2000 cool 
slowly 

1600 cool 
in 

furnace 

1900 
quench 
in oil 

300 to 400 

Carpenter 
No. 3 

0.30 

20.00 


Cu 

1.00 

2100 cool 
slowly 

1550 cool 
in 

furnace 

Will not 
harden 


Carpenter 
Stainless 1 
No. 4 

0.10 

18.00 

9.00 


2100 cool 
in air 

1800 to 
2100 
quench 
in water 

Hardens 
only by 
cold 
work 


Carpenter 
Stainless 
No. s 

0.10 

14.00 


S 

0.30 

2 100 cool 
in air i 

1300 cool 
in air 

182s 

quench 
in oil 

400 to 
to 1300 

Carpenter 
Stainless 
No. 6 

0.10 

17.00 



2100 cool 
in air 

1350 cool 
in air 

Will not 
harden 


Carpenter 
Stainless 
No. 8 

0.10 

18.00 

9.00 

Se 

0.2s 

2100 cool 
in air 

1800 to 
2100 
quench 
in water 

Hardens 
only by 
cold 
work 
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polish helps to resist corrosion. It is made in various grades to 
suit different requirements, some grades being easily machined. 

Forging of stainless steel is done at about 2ioo°F., cooled slowly 
in air. Annealing temperatures recommended by Carpenter Steel 
Company vary from 1300 to 2ioo°F., depending on the amount of 
chromium, 1350 to i5oo°F. being more common. Some of these 
steels will not harden. Others heated from 1700 to i900°F. will 
harden in oil. Drawing temperatures vary from 400 to i300®F. 
Pack hardening is not recommended. Stainless steel can be 
melted except in open fire, and also brazed and soldered. 

Chromium is added to steel to make it nonrustable by weather. 
Other elements are added for various reasons, but all stainless 
steels, according to the Carpenter Steel Company, fall into three 
groups which are called A, B, and C. The characteristics of these 
steels are tabulated, as are suitable heat treatments, in Table 8. 

Highly polished steel of any kind resists corrosion better than a 
rough surface. 


Annealing Temperatures 

Stainless Steels Temperature 

10 to 13 per cent chrome. Heat to 1650®!'.; furnace cool to 

iioo°F. 

14 to 23 per cent chrome. Heat to 1450 to i5oo°F.; air cool 

.10 per cent carbon—18 percent 

chrome (known as 18-8).... Heat to 1900 to 2ioo°F.; cool 

rapidly 

Stainless steels are made in various grades. Some will not 
harden, others only harden by cold-working. Several harden by 
heating from 1700 to igoo^F. and quenching in oil. Makers 
instructions should be followed. 

Heat-Treatment of Spring Steel 

The following heat-treatment for springs has been recommended 
by the American Society of Steel Treaters. The steels referred to 


Heat-Treatments for Leaf and Coil Springs 


Steel 

Normalizing 

Tempera¬ 

ture, 

Degrees 

Fahr, 

Hardening 

Tempera¬ 

ture, 

Degrees 

Fahr. 

Approxi¬ 

mate 

Tempering 
Tempera¬ 
ture, * 
Degrees 
Fahr. 

Brinell 

Hardness 

Number 

c. 

1575-1625 

1525 

600-950 1 

352-41S 

Cr. 

1600-1650 

1525 

650-950 

363-444 

CrV. 

1600-1675 

1550-1600 

675-975 

363-444 

CrMo. 

1600-1675 

1550-1600 

675-975 

363-444 

CrSiMn. 

1600-1650 

1600-1650 

675-975 

363-444 

SiMn. 

1600-1650 

1600-1650 

650-950 

363-444 


* The tempering temperatures are to be used only as a guide in obtainin'* 
the Brinell hardness numbers given in the table. 
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are C, carbon; Cr, chromium; CrV, chrome-vanadium; CrMo, 
chrome-molybdenum; CrSiMn, chrome-silicon-manganese; SiMn, 
silicon-manganese. 

The steel is normalized when considerable machining is required, 
when severe cold-working is to be done or when the product has 
been subjected to localized heating at several places for the purpose 
of forging. The normalizing temperatures are given in the table 
on page 1037. 


CARBURIZING 

Case hardening, carbonizing or carburizing, is largely used so 
that the outer shell can be made hard enough to resist wear, while 
the core of the piece can be left soft enough to withstand the shock 
strains to which it is subjected. 

Case hardening is, in reality, the quenching of the metal after its 
surface has absorbed carbon so that it hardens on being quenched 
suddenly. Generally speaking, carbon is absorbed from bone, 
leather or similar materials, while the low-carbon steel is properly 
packed and heated. Another method allows the carbon to be 
absorbed from gas instead of from solid materials. 

The result of the carburizing operation is determined by five 
factors, which are as follows: First, the nature of the steel; second, 
the nature of the carburizing material; third, the temperature 
of the carburizing furnace; fourth, the time the piece is submitted 
to the carburizing process; fifth, the heat-treatment which follows 
carburizing. 

If the steel used has a carbon content up to 56 points, the rate of 
penetration in carburizing is practically constant; but the higher the 
carbon content is in the core, the more brittle it becomes by pro¬ 
longed annealing after carburizing. Therefore, it is necessary that 
the carbon content should be low in the core, and for this reason a 
preference is given to steels containing from 15 to 20 points of 
carbon for carburizing or case-hardening purposes and the carbon 
brought up to 80 or 85 points. Tool steels may be carbonized up to 
250 points, a point is o.oi of i per cent. 

Manganese, chromium, tungsten, and molybdenum increase the 
rate of penetration. Nickel, silicon, titanium, and aluminum retard 
the rate of penetration—5 per cent of silicon reducing it to zero. 

The Carburizing Materials 

The nature of the carburizing materials has an influence on the 
sp)eed of penetration, and it is very essential that the materials be of 
a known chemical composition, as this is the only way to obtain like 
results on the same steel at all times. 

These materials or cements are manufactured in many special 
and patented pteparations. The following materials are used and 
commanded in these preparations, but many of them give as good 
results when used alone as when compounded with others in varying 
percentages: powdered bone; wood charcoal; charred sugar; charred 
feather; potassium cyanide; potassium ferrocyanide; bichromate; 
animal black, acid'cleaned; prussiate oi potash potassium; anthra- 
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cite; mixture of barium carbonate; graphite; petroleum gas; 
acetylene; horn; etc. 

Sodium cyanide is being used in place of potassium cyanide as it 
is much cheaper. The following mixture makes a cheap and efficient 
case-hardening bath: sodium cyanide, 3 pounds; sodium chloride 
(common salt), 3 pounds; and soda ash, 4 pounds. 

Wood charcoal is very largely used in carburizing steels, but the 
value of this material varies with the wood used, the method 
employed in making the charcoal, and other factors. Used alone it 
gives the normal rate of penetration for the first hour, but after that 
the rate gradually decreases until at 8 hours it gives the lowest 
rate of penetration of any of the carburizing materials. The best 
wood charcoal is that made from hickory. 

Powdered charcoal and bone give good results as a carburizing 
material and are successfully used in carburizing nickel-chrome 
steel by packing in a pot and keeping at a temperature of about 
20oo°F. for 4 hours, and then cooling slowly before taking out the 
pot or uncovering it. Pots are made of cast iron, nichrome, or 
other heat-resisting alloys. 

The General Motors Company specifics that carburizing material 
be made from charcoal, coke, and carbonate energizers. Hardwood 
charcoal must be used, and it must pass through a f-inch sieve, 
but not through a i-inch mesh. Coke is of Solvay process or equiv¬ 
alent and of same size as charcoal. 

Two compositions are used: 



G. M. C. 2002 M 

G. M. C. 2001-M 

Coke. 

Not over 25 per cent 

3 to 5 per cent 
3 to s per cent 

5 to 7 per cent 
Not over 0.5 per cent 
Not over 4 per cent 
Balance 

Not over 8 per cent 

Not over 25 per cent 

8 to 12 per cent 



Barium carbonate. 


Total sulphur. 

Not over 0.25 per cent 

Moisture. 

Not over 6 per cent 

Charcoal and binder. 

Inorganic matter, exclusive 
of carbonates 

Balance 


Not less than 97 per cent of mixture must pass through a 0.371- 
inch opening, and not over 5 per cent through a 0.131-inch screen. 
The shrinkage by volume shall not be over 25 per cent on a 6-hour 
run at i7oo°F. 


Automatic Carburizing 

Packard has two heat-treating units for automatically carburizing 
transmission gears and other parts at the rate of 720 sets in 24 hours 
in each unit. Transmission gears are carburized to a depth of 0.035 
to 0.040 inch on the pitch line. Ring gears have an effective case 
of 0.045 to 0.050 inch on the pitch line. Some are made of S.A.E. 
4620 nickel-molybdenum, and others of 3115 chrome-nickel steels. 
Parts are carburized at i68o®F., and transmission gears are drawn 
to 43 S°F. 
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Materials Used and Rate of Penetration in Inches 


TcmTOrature 
in Degrees 
Fahrenheit 
for Eight 
Hours 

Charcoal 60 
Per Cent -f 
40 Per Cent 
of Carbonate 
of Barium 

Ferrocyanide 
66 Per Cent -f 
34 Per Cent 
of Bichromate 

Ferrocyanide 

Alone 

Powdered 
Wood Char¬ 
coal Alone 

1300 





1475 

0.020 

0.033 

0.020 

0.020 

1650 

0.088 

0.069 

0.079 

0.048 

1825 

0.128 

0.128 

0.128 

0.098 

2000 

0.177 

0.177 

0.198 

0.138 


Chapmanizing 

Chapmanizing is a process of surface hardening that uses a liquid 
bath to convey the necessary heat and active nitrogen direct to 
the metal. Any type of steel, malleable or cast iron, may be surface 
hardened by this method. Any depth of case from 0.002 to 0.035 
inch can be secured. Lower temperatures can be used than in 
carburizing, and less time is required than by some carburizing 
methods. A 3-hour heat at i5oo®F. gives a 0.030-inch case in 
S.A.E. 1020 steel. 


Colors in Case Hardening 

Wrenches and other work of low-carbon steel may be case 
hardened and at the same time given an attractive coloring or 
‘‘mottling” by exercising a little care in the process. The work 
must be perfectly clean and free from grease, and should be nicely 
polished. Unless this is done, bright colors cannot be secured. 

To secure good colors, the bone must be thoroughly charred. 
This can be done by covering it tightly in iron boxes and placing 
in the furnace at night or when the heat is going down. If too hot, 
it will burn instead of charring. 

The work should be even more carefully packed than for case 
hardening without color, leaving more space between the work 
itself and between the work and the box. The degree of heat and 
the length of time must, of course, depend on the size of the work, 
but, generally speaking, a cherry red is correct. The main thing, 
however, is to maintain an even heat. If the heat is too great, it is 
impossible to receive a good color or any color. 

The work must be dumped without exposing it to the air. It 
is customary to suspend a sieve beneath the surface of the water 
in the tank to catch the pieces as they are dumped. The water 
Should be soft for best results and should be kept in motion. 
There should be sufficient volume, or the water should change often 
enough to cool the work quickly. A stream of air blowing through 
the water also helps to agitate it and to secure good coloring. 
Small lots, of course, do not require so large an amount of water. 
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The dumping of the work must be carefully done. The box 
should be held close to the water and dumped quickly. Should the 
air strike the work before it is quenched, it is almost sure to turn 
black or blue-black and be streaky. 

After cooling, the work is taken out, separated from the bone, and 
boiled in clean water. It is then dried in sawdust and oiled slightly, 
which brings out the colors and prevents tarnish. 

Further coloring may be done by tumbling the work in a barrel 
until the work is thoroughly p>olished. It is then placed over a gas 
flame or other source of heat and drawn to the desired color, much 
as we draw the temper on hardened steel. The articles are then 
plunged in cold water, dried in sawdust, and oiled. Combustion of 
the fire used must be good, as any gas given off affects the color. 

Use of Bone and Charcoal 

Case hardening with granulated raw bone is a common practice 
in many large manufacturing plants. Bone which is hard and 
flinty, such as that which comes from the skin bones of animals, is 
considered better than soft, pithy, and greasy bone, as there is no 
waste. Good bone can be used over and over again by adding 
fresh stock to it in about the proportion of 1:2 or 1:3. In other 
words, use two or three parts of old bone to one part of new raw 
bone. 

Raw bone is usually white and burns black when first used. As 
it loses its carbon, it becomes lighter, and when it burns white, it is 
of no further value for case hardening. Some raw bone, on the 
other hand, is quite dark, and only experience with the various 
materials will make a person familiar with the best mixtures to 
use for different purposes. 

Some case hardeners secure good results and economize on the 
use of bone by mixing one part of raw bone with three parts of 
pulverized charcoal. The mixing should be thorough with a little 
charcoal dust sprinkled over the top. 

Where the tendency of case hardened work to scale is objection¬ 
able, a thin layer of charred leather next to the work will help to 
check the scaling. 


Carbtirizing Large Flat Work 

The larger the piece, the more bone should be used in packing it 
for carburizing. With a disc approximately 4 inches thick and 24 
inches in diameter, the lower layer of bone should be from 4 to 5 
inches thick and the same distance allowed all around the disc. 
The side to be hardened should be placed down and the top covered 
to about the same depth as the bottom, the cover then luted in 
place. 

A piece of this size will probably require 8 or 10 hours’ soaking 
at a bright cherry red; it should not be heated above this tempera¬ 
ture on account of the increased tendency to warp. This tendency 
can also be overcome by dipping edgewise into a large body of cold, 
running water so as to remove the heat quickly. Salt water is also 
advised in dipping heavy work, as it conducts the heat away more 
rapidly than fresh water. 
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Sometimes a mixture of half charcoal and half used bone is used 
with low-carbon steel. This will not recarburize much more than 
5 per cent, or about enough to maintain the original amount of 
carbon in the steel. 

Small or thin iron castings can be annealed by packing in a cast- 
iron pot or box with a mixture of bright cast-iron turnings or 
filings and pulverized charcoal. Use about half charcoal and half 
turnings or filings. Put a layer of the mixture between the castings 
to prevent warping and to allow them to heat more evenly. 

Heat to a cherry red and hold this heat for from 2 to 3 hours. 
The castings must be left in the pots to cool off. 

Sizes of Granulated Bone 

The Rogers and Hubbard Company give the following list of 
sizes of granulated raw bone: 

No. I. Will not pass through smaller than J inch square mesh 
in screen. Best for heavy work. 

No. 2. Mesh I inch square. 

No. 3. Mesh I inch square. 

Nos. 2 and 3. Best for bicycle, fire arms, sewing machine, and 
general machine work. 

No. 4. Mesh ii^ch square. Good for small work, such as 
small screws, etc. 

No. 5. Smaller than jV inch. Used only for the very finest 
work. 


NITRIDING STEEL 

The nitriding process consists in the subjection of special alloy 
steels to the action of ammonia gas at a suitable temperature, 
producing a hard, wear-resistant surface, similar to that produced 
in case hardening, but more easily obtained and of greater hardness. 
The surface produced is free of scale, of attractive appearance, and 
requires no after treatment. Hardening of certain sections only 
is easily accomplished by any one of several methods. 

The steels best suited to case hardening by ammonia are those 
containing 0.75 to 1.25 per cent aluminum and i.oo to 1.50 per 
cent chromium, with 0.20 per cent molybdenum added to give 
greater toughness to the case and core. These steels are manu¬ 
factured under the name ‘‘Nitralloy” in carbon contents ranging 
from 0.20 to 0.40 per cent. 

Parts to be case-hardened are first machined slightly oversize. 
They are then heat-treated and afterward machined or ground to 
the finish size in order to remove the skin of decarburized material 
and provide a clean surface. They are then placed in a suitable 
furnace in an atmosphere of ammonia and heated to a temperature 
of 900 to iooo°F., 975‘’F. being the most common. They are held 
in the furnace from 2 to 90 hours, depending on the depth of case 
desired, and are then cooled in the furnace, the ammonia atmos- 

E here being maintained. Upon removal from the furnace, they are 
ard and may be put in service without further treatment. 

It is necessary to remove all decarburized material from the 
surface before nitriding. Strains should be removed from all 
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parts to be nitrided by drawing at temperatures equal to or higher 
than the nitriding temperature. A slight growth, amounting to 
0.001 inch or less, takes place on nitriding. The hardness, equiva¬ 
lent to 1000 to 1100 Brinell, is greater than that obtainable by any 
other treatment. The low temperature used gives low-fuel con¬ 
sumption and easy control, as well as long furnace life. The low 
temperature also eliminates distortion if the parts are properly 
drawn before nitriding. Besides great hardness, the nitride case 
shows remarkable resistance to corrosion. 

CASE-HARDENING CAST IRON 

A bath recommended for hardening cast iron for various reasons, 
such as gaging or locating points, is made up of 16 ounces of sul¬ 
phuric acid, I ounce of nitric acid, and ij gallons of water. The 
piece is heated to a bright red and quenched in the mixture. 

SELECTING THE PROPER TEMPERATURE FOR 
QUENCHING 

A hardening process that will produce a steel that is as homo¬ 
geneous as possible is always sought for in practice. This is easily 
obtained in a high-carbon steel, and especially if it contains 85 
points carbon, by passing the recalescent point before quenching. 
The desired homogeneity is not so easily obtained, however, in the 
low-carbon steels, as they have several points of transformation. If 
these are quenched at a point a little above the lowest point of trans¬ 
formation, the carbon will pass into solution, but the solution is not 
homogeneous. To obtain this result it is necessary that the quench¬ 
ing be done from a little above the highest point of transformation. 
This is higher in the low- than in the high-carbon steels. In prac¬ 
tice, this calls for a quenching of the low-carbon steels at about 
i65o°F., while a high-carbon steel should be quenched at about 
I45o°F. 

Testing Pyrometers 

Pyrometers can be tested by placing some common salt in an 
iron box and heating until it melts. Put the pyrometer in the 
molten salt, and, if correct, it will register 1441“!'. 

A very convenient table of Fahrenheit and centigrade thermome¬ 
ter scales is given on pages 1023 and 1024. 

AUTOMOTIVE STEELS 

The engineers of the automobile industry have developed a 
number of steels and heat-treatments that are equally useful in 
many other lines of work. These steels are designated by numbers 
with S.A.E. before them, meaning the steels have been approved 
and recommended bv the Society of Automotive Engineers. The 
most commonly usea steels are given herewith. The uses and heat- 
treatments follow. 

The S.A,E. Ntimbering System 

The S.A.E. Standard System, was developed by the Society of 
Automotive Engineers, Inc., to provide a simple means of indicating 
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the chemical composition of the various steel grades in more com¬ 
mon use. The system is based on the use of numbers composed of 
four or five digits, and certain letters used as prefixes. The first 
digit of the standard number indicates the type to which the 
particular steel belongs. Thus i indicates a carbon steel, 2 a 
nickel steel, 3 a nickel-chromium steel, 4 a molybdenum steel, etc. 
In the case of the alloy steels, the second digit, and sometimes the 
third, usually indicates the approximate percentage of the principal 
alloy; in the case of simple alloys, the alloy from which the steel is 
named. The final two (sometimes three) digits indicate the mean 
carbon content in “points,’’ or one-hundredths of i per cent. 
Thus, 2320 indicates a nickel steel of approximately 3 per cent 
nickel content (3.25 to 3,75 per cent) and 0.20 per cent average 
carbon 0.15 to 0.25 per cent); 52100 indicates a chromium steel of 
more than i per cent average chromium content (1.20 to 1.50 per 
cent, as compared with 0.60 to 0.90 per cent or 0.80 to i.io per cent 
for the 5100 series) and i.oo per cent carbon (0.95 to i.io per cent), 
while 71360 indicates a tungsten steel of 13 per cent tungsten content 
(12 to 15 per cent) and 0.60 per cent carbon (0.50 to 0.70 per cent). 

The prefix X is used in several instances to indicate variations 
in the range of sulphur, manganese, and chromium, and the prefix 
T is used with manganese steels to indicate a higher range of 
manganese than that found in steels of the X1300 series. 

Basic numerals of the system are: 


Carbon steels—first digit—i: 

Plain carbon. 10 

Free cutting (screw stock). ii 

Free cutting (manganese).X13 

High manganese.T13 

Alloy steels—Nickel—first digit—2: 

0.50 per cent nickel. 20 

1.50 per cent nickel. 21 

3.50 per cent nickel. 23 

5.00 per cent nickel. 23 

Nickel-chromium—first digit—3: 

1.25 per cent nickel, 0.60 per cent chromium. 31 

1.75 per cent nickel, i.oo per cent chromium. 32 

3.50 i>er cent nickel, 1,50 per cent chromium. 33 

3.00 per cent nickel, 0.80 per cent chromium. 34 

Corrosion and heat resisting (stainless). 30 

Molybdenum—first digit—4: 

Chromium-molybdenum. 41 

Chromium-nickel-molybdenum. 43 

Nickel-molybdenum. 46 

and 48 

Chromium—first digit—5: 

Low chromium (up to i.io per cent). 51 

Medium chromium. 52 

Corrosion and heat-resisting (stainless). 51 

Chromium-vanadium (0.80 to i.iopcr cent chromium) 61 

Tungsten. 7 • 

' and 71 

Silico-manganese. 0 • 
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Summary of S.A.E. Steels and Their Uses 

S.A.E. steels 1010, lois, X1015, 1020, and X1020 are carburizing steels for 
which various heat-treatments are used. A typical treatment is: Carburize 
at 1650 to I70 o“F.; quench direct; temper to 250 or 325“?. 

No. 1020.—Used for piston pins, cam shafts, drag links, clutch fingers, etc. 

No. 1030.—Machines well and is used for seamless tubing, key stock, 
shift and brake levers, shift forks, etc. It is quenched in water from 1575 
to i6so°F. and tempered to required hardness. 

No. 1035.—Largely used for wire and rods for upsetting cold. 

No. 1040.—Is also used for tubing and crankshafts, connecting rods, axles, 
spring clips, brake levers, studs, and similar parts. 

No. 1045.—Crankshafts, starter ring gears, axle and spline shafts. 

No. 1050.—A medium-carbon steel for larger sections than No. 1045. 

No. 1055.—A hard-drawn, oil-tempered wire for general coil spring work. 

No. Xioss. —Snap rings, cushion springs, lock washers, etc. 

No. 1060.—Snap rings, valve springs, cushion springs, clutch springs. 

Nos. 1065 and A1065.—For hard-drawn spring wire. 

No. 1070.—Cold-rolled or planished for clutch discs and plow beams. 

No. 1075.—Agricultural industry for cultivator discs and plows. 

No. 1080.—Also agricultural machinery. 

No. 1085.—Bumper bars, clutch discs, leaf springs, and mower knives. 

Nos. 1090 and 1095.—Carbon steel balls, bumpers, keys, coil springs. 

Free-Cutting Steels 

No. 1112.—Screw stock; studs, screws and automatic products. 

Nos. 1115 and 1120.—Open hearth screw stock. Does not machine so 
well as No. 1112, but stronger and better for carburized parts. No. 1120 
likely to be discarded soon. 

Nos. X1314 and 1315*—Good general purpose for carburized parts. 

Nos. X1330, X1335, and X1340.—Free-cutting, hardening steels for many 
purposes. 


Manganese Steels 

Nos. Ti330, T1335, Ti 340, T1345, and Ti3^o.—Used in same way as 
other medium-alloy steels with same carbon. Primarily oil-hardening steels 
and care must be taken in using water. 

Nickel Steels 

No. 2015.—Used as substitute for carburizing carbon steels. 

No. 2115.—Carburizing grade of ij per cent nickel steel. 

No. ,2515.—When used for accurate gears, it should be normalized before 
carburizing to reduce distortion. 

No. 2320.—Machines better than No. 2315. 

Nos. 2330 and 2335.—Used for strength and toughness, such as keys, 
heat-treated bolts, studs, and similar parts. 

Nos. 2340 and 2345.—Propeller shafts, spline shafts, axles, etc. 

No. 2350.—Used primarily for oil-hardened gears. 

Nickel-Chromium Steels 

Nos. 3115 and 3120.—Ring gears, pinions, transmission gears, piston pins. 

Nos. 3125 and 3130.—Steering arms, cylinder studs, rod bolts, etc. 

Nos. 3135 and 3140.—Crankshafts, axles, spline shafts, etc. 

Nos. 3215 to 3250.—For harder service than the No. 3100’s. 

Nos. 3312 to 3340.—For still harder service than the No. 3200's. 

Nos. 3315, 3435, and 3450.—Rear axles and gearing for heavy bus and 
work truck. 


Molybdenum Steels 

Nos. 4130 to 4820.—Used by some for truck and bus work. 

Chrome-Vanadium Steels 

Nos. 6115 to 6x9*^.—Used with various heat-treatments for same parts as 
other alloy steels with similar carbon content. 

Nos. 9255 and 9260.—Silicon-manganese steels mainly for leaf springs. 
Nos. 30905 and 30915.—An 18-8 stainless steel, tough and stringy. 

Nos. 5X3X0 to 51710.—Stainless steels for various purposes. 
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Tough Steels for Truck Service 

The Autocar Company uses the following nickel-alloy steels in 
their trucks, in the parts shown: 


Table ii.—Truck Steels 


Transmission.. 


Springing, 


Part 

Steel Used 

Connecting rods 

S.A.E. 2340 

Connecting rod bolts 

S.A.E. 313s 

Inlet valve 

S.A.E. 3140 

Cylinder head studs, 


crankcase (main- 


bearing) studs 

S.A.E. 2330 

Transmission gears 

S.A.E. 4620-1; 


4820 and 3312 

Transmission main- 


shaft 

S.A.E. 4340 

Clutch collar 

S.A.E. 4620-1 

Clutch hub 

S.A.E. 4340 

Transmission shifter 


rods 

S.A.E. 3120 

Rear axle driving axle 


shaft 

S.A.E. 4340 

Rear axle ring gear 

S.A.E. 2520 

Rear axle bevel gears 


and jackshaft 

S.A.E. 3312 

Rear axle differential 


gears 

S.A.E. 251S 

Rear axle differential 


bolts 

S.A.E. 2330 

Rear axle hub studs 

S.A.E. 2330 

Rear axle wheel studs 

S.A.E. 3135 

Front axle centers 

S.A.E. 3130 

Front axle spindles 

S.A.E. 3130 

Front axle steering arm 

S.A.E. 3130 

Steering ball bolt 

S.A.E. 251S 

Spring clips 

S.A.E. 3120 

Spring tube and bolt 

S.A.E. 3115 

Spring cross shaft 

S.A.E. 3140 

Frame bracket bolts 

S.A.E. 2330 


Treatment 

Heat-treated 

Heat-treated 

Heat-treated 


Heat-treated 

Case hardened 

Heat-treated 
Case hardened 
Heat-treated 

Heat-treated 

Heat-treated 
Case hardened 

Case hardened 

Case hardened 

Heat-treated 

Heat-treated 

Heat-treated 

Heat-treated 

Heat-treated 

Heat-treated 

Case hardened 

Heat-treated 

Case hardened 

Heat-treated 

Heat-treated 


MACHINE-TOOL STEELS 

Steels used in turret lathe and similar construction by the Warner 
and Swasey Company: 


Gears. 

Pinions, highly stressed. 

Pinion shafts, highly stressed. 

Heavy-duty clutches. 

Highly stressed studs, bolts, screws.. 

Sleeves and spline shafts. 

Lock bolts and bushings. 

Intricate parts requiring machining 

in heat-treated condition. 

Rolls, ball bearings. 

Roller bearings. 


S.A.E. ! 

Type 

No. 3150 

Low Cr-Ni 

No. 3250 

Med. Cr-Ni 

No. 3250 

Med. Cr-Ni 

No. 2512 

5 per cent nickel 

No. 313s 

Low Cr-Ni 

No. 2315 

3i per cent nickel 

No. 2315 

3i per cent nickel 

No. 4140 

Cr-Mo 

No. S2IOO 

High Cr-C 

No. 4615 

Cr-Mo-Ni 
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COLOR CODE FOR MARKING STEEL BARS 

Simplified Practice Recommendation R166-3 7 was issued on 
April I, 1937, by the Bureau of Standards, United States Depart¬ 
ment of Commerce, concerning a color code for marking steel bars. 
The work of preparing the recommendation was undertaken ini¬ 
tially at the request of the National Committee on Iron and Steel 
of the National Association of Purchasing Agents. A recom¬ 
mendation was referred to all interests for consideration in August, 
1935, and again resubmitted to industry in September, 1936. 
Since that time producers, users, and others concerned have 
accepted the code. 

The color markings provided in the code may be applied by 
painting the end or ends of bars having a diameter of i inch or 
larger. For bars less than i inch in diameter, in bundles that are 
to be marked with one or two colors, the colors may be applied 
either by painting across the end or ends of the bundle, or marked 
on tags attached to the bundles. Where two colors are provided, 
the colors are applied side by side. 

Table 12.—Carbon Steels 


S.A.E. Code Color 

No. 1010. White 

No, 1015. White 

No. X1015. White 

No. 1020. Brown 

No. X1020. Brown 

No. 1025. Red 

No. X1025. Red 

No. 1030. Blue 

No, 1035. Blue 

No, 1040. Green 

No. X1040. Green 

No. 1045. Orange 

No. X1045. Orange 

No. 1050. Bronze 

No. 1095. Aluminum 

Table 13.—Free-Cutting Steels 
S.A.E. Code Color 

No. 1112. Yellow 

No. X1112. Yellow 

No. 1120. Yellow and brown 

No. X1314. Yellow and blue 

No. X1315. Yellow and red 

No. X133S. Yellow and black 

No. X1340. Yellow and black 


The code gives color data for: 

I. Only the steels in greatest demand. The revised code pro¬ 
vides for 89 steels, whereas the current S.A.E. list covers over 140 
chemical specifications. 
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2. Solid colors are reserved for carbon steels. 

3. Striping is eliminated. 

4. So far as possible, one color in combination with other colors 
is used for each series. For example, Table 13 shows that the key 
color for free-cutting steels is yellow, and that additional colors 
are added, such as brown, blue, red and black, to differentiate 
between different grades of free-cutting steels. 

Table 14.—Manganese Steels 
S.A.E. Code Color 

No. T1330. . . . .. Orange and green 

No. T1335. ... Orange and green 

No. T1340. ... ... Orange and green 

No. T1345. .... Orange and red 

No. T1350.Orange and red 

Table 15.—Nickel Steels 
S.A.E. Code Color 

No. 2015. . . Red and brown 

No. 2115.Red and bronze 

No. 2315.Red and blue 

No. 2320.Red and blue 

No. 2330.. .Red and white 

No. 2335. ... . Red and white 

No. 2340. . Red and green 

No. 2345.Red and green 

No. 2350. Red and aluminum 

No. 2515. Red and black 

Table 16.—Nickel-Chromium Steels 
S.A.E. Code Color 

No. 3115. Blue and black 

No. 3120.Blue and black 

No. 3125.Pink 

No. 3130. Blue and green 

No. 3135. Blue and green 

No. 3140. Blue and white 

No. X3140. Blue and white 

No. 3145.Blue and white 

No. 3150. Blue and brown 

No. 3215. Blue and purple 

No. 3220.Blue and purple 

No. 3230. . Blue and purple 

No. 3240.Blue and aluminum 

No. 3245.Blue and aluminum 

No. 3250. Blue and bronze 

No. 3312. Orange and black 

No. 3325.Orange and black 

No. 3335. Blue and orange 

No. 3340. Blue and orange 

No. 3415. Blue and pink 

No. 3435.Orange and aluminum 

No. 3450. Black and bronze 
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Table 17.—Molybdenum Steels 
S.A.E. Code Color 

No. 4130. Green and white 

No. X4130. Green and bronze 

No. 4135.Green and yellow 

No. 4140. . Green and brown 

No. 4150. .. . . Green and brown 

No. 4345. . Green and aluminum 

No. 4350. . Green and aluminum 

No. 4615. ... ... . Green and black 

No. 4620. .Green and black 

No. 4640. . Green and pink 

No. 4815. .... Green and purple 

No. 4820.Green and purple 

Table 18.—Chromium Steels 
S.A.E. Code Color 

No. 5120. . Black 

No. 5140. .... Black and white 

No. 5150. .Black and white 

No. 52100. Black and brown 

Table 19.—Chromium-Vanadium Steels 
S.A.E. Code Color 

No. 6115. . White and brown 

No. 6120. White and brown 

No. 6125. . . White and aluminum 

No, 6130. White and yellow 

No. 6135. White and yellow 

No. 6140. . White and bronze 

No. 6145.. . White and orange 

No, 6150. White and orange 

No. 6195.White and purple 

Table 20.—Tungsten Steels 
S.A.E. Code Color 

No. 71360.Brown and orange 

No. 71660.Brown and bronze 

No. 7260. Brown and aluminum 

Table 21.—Silicon-Manganese Steels 
S.A.E. Code Color 

No. 9255. . Bronze and aluminum 

No. 9260. Bronze and aluminum 


THE SPARK METHOD OF DETERMINING GRADES OF 
IRON AND STEEL 

The method of determining the kind of ferrous material illus¬ 
trated herewith was devised by John F. Keller, instructor of forg¬ 
ing at Purdue University, Lafayette, Ind., and has proved very 
successful as a practical shop test. See the illustration on page 
1054. The material should touch the wheel lightly, and the spark 
should be carefully watched. 
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TESTS OF HARDNESS 

The hardness of metals, particularly of steels which are heat- 
treated, is now tested with either the Shore Scleroscope, or by the 
Brinell or Rockwell method, as described on page 1017. 


Wrought Mild Tool High-Corbon High-Speed Manganese Mushett Magnef 
Iron Siecl S+eel Sfecl Sfeel Iron or Steel Steel Steel 



Light Straw Light Straw White White Chrome-Yellow White Dark Red Orange 
Spark Test for Grades of Steel. 


The Brinell Test 

The Brinell method of testing consists of forcing a hardened steel 
ball of given dimension into the metal to be tested under a given 
pressure. The diameter of the impression made is read with a 
graduated microscope and the hardness found by consulting a 
table like that shown on page 1058. In this the ball is 10 millimeters 
in diameter. If, with a pressure of 3,000 kilograms, as indicated 
by the testing machine, the diameter of the depression is 3 milli¬ 
meters, the hardness number is 415 with a standard ball or 418 with 
a tungsten-carbon ball. Comparative test values are given for 
Rockwell, monotron and other methods of testing. 

Cloudburst Hardness Testing 

In this test, devised by Edward G. Herbert of England, the work 
is subjected to a shower of hard steel balls falling from a given 
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height. Some of the smaller machines use 3-millimeter or J-inch 
balls falling from a height of 2 to 4 meters at the rate of about 
750,000 per minute. These balls normally make no visible depres¬ 
sion, but they so affect the surface that hard and soft spots are 
clearly shown. Balls of 5 millimeters in diameter are also used. 

In testing manufactured parts by this process^ a block of the 
desired hardness is placed in the machine and the distance the balls 
fall adjusted so that they just fail to mark the surface. Then 
work pieces which are not marked are at least as hard as the stand¬ 
ard. Soft spots will be marked by the balls. ^ 

File Hardness Tests 2 

Files are still used to test hardness. Standard files for this 
purpose can be obtained from reputable file makers. One maker 
recommends a lo-inch mill, bastard file. Others suggest 6- or 8- 
inch pillar or three-square files. One maker states that special 
files which will not cut straight carbon steel immediately after 
quenching to Rockwell C64-66 will cut it after tempering to 375°F. 
though the Rockwell hardness remains the same. 

Monotron Hardness Test^ 

This testing machine registers on a dial the load required to 
produce a definite penetration. Two dials are used, one measuring 
pressure, and the other, the depth of penetration. The depth 
indicator shows the extent of elastic recovery of the specimen and of 
permanent deformation. The diamond ball used is J millimeter 
in diameter and penetrates to a depth of inches. A scale 
known as M-i reads directly in Brinell numbers. 

Vickers Diamond Pyramid Hardness Test^ 

This is similar to the Brinell method but uses a diamond, cut rod 
polished to the shape of a square-based pyramid. This gives a 
square impression which is easily read across the corners. The 
impression appears as a dark square on a light ground. The hard¬ 
ness numbers compare with Brinell up to about 300. At higher 
values the Brinell falls progressively lower and is not reliable above 
about 600 Brinell. The irregularity is caused by the flattening of 
the balls under heavy loads. 

Magnafltix Method of Detecting Cracks 

As cracks of all kinds, whether in the original bar of steel, or 
due to heat or fatigue stresses afterwards, precede failure, it is 
important to detect them before failure occurs. The Magnaflux 
method, by which the piece is magnetized and forms north and 
south magnetic poles each side of the crack, has become standard 
practice on all airplane engine parts and in other places where 
failure would be disastrous. 

1 k. C. Brumfield. 

* H. T. Morton. 

» O. W. Boston. 

* S. L. Goodole and B. B. Rosenbaum. 
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Two methods are used, known as the “wet” and “d^” methods. 
In both, the parts to be inspected are magnetized by suitable means. 
In the wet method the magnetized part is then dipped in a tank in 
which a very fine powder of magnetic oxide is suspended in a liquid 
resembling kerosene. If there is a crack, the powder gathers at 
that point, even where the crack is so small as to be invisible with 
100 times magnification. 

In the dry method the magnetic powder is sifted over the part 
to be tested and forms along the line of any crack that may exist. 
The parts can be magnetized in any convenient way. A common 
method is to put a magnetic coil over a part at each end of the place 
to be tested. 


Comparison of Hardness Numerals 

Table 22 is a very complete comparison of different methods of 
testing materials. It was prepared by the Chapman Valve Manu¬ 
facturing Company. 


SHOP RECIPES 
U. S. Armory Browning Solution 

First, make “tincture of steel,” by putting 3 pounds of carbonate 
of iron in a stone jar and pouring over this 3 quarts of muriatic acid. 
Let this stand, stirring it occasionally, until the acid “cuts” or 
takes up all of the iron that it will. After the muriatic acid becomes 
saturated with the carbonate of iron, pour it into a glass demijohn, 
being careful that none of the remaining sediment goes with it. 
To this add 9 quarts of grain alcohol, completing the tincture of 
steel. 

To make the Browning solution proper, take 6 ounces of the 
tincture of steel, 6 ounces of sweet spirits of niter, i ounce of nitric 
acid, i ounce of sulphate of copper, i ounce of corrosive sublimate, 
and 2 quarts of soft water, using a glass stopped bottle to prevent 
evaporation. 

This should stand for 24 hours, if possible, although it can be 
used immediately, but does not give so good results. The solution 
is applied with a sponge. 

U. S. Armory Etching Acid 

There are sometimes pieces that are riveted in place after being 
browned. As the riveting must be smoothed down, thereby remov¬ 
ing the browning, a special etching acid is used for coloring the 
polished portions to match the browning previously put on. The 
etching acid is Comprised of i ounce of tincture of steel, previously 
mentioned, 2 ounces of corrosive sublimate, and i ounce of nitric 
acid. Some of the etching acid is put in a shallow glass dish, and the 
p^rts to be colored are dipped into it. In order to check the working 
of this acid, the parts are immediately dipped in hot water, and then 
in a dish of ammonia at full strength, and finally covered with oil. 
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Table 22.—Hardness Strength of Steel 
The following table (prepared by Sir Robert Hadfield of the 
Research Laboratory, Hadnelds, Ltd., Sheffield, England) repre¬ 
sents the average of a large number of tests on all types of steel, and 
is intended as an approximate guide. Individual results vary con¬ 
siderably from the average. It also gives a comparison of Brinell 
ball and Scleroscope hardness numbers with their relation to the 
compression strength, also yield point and tenacity, of steel. 


Zones of Hardness F to A 

Approx. Scleroscope Hardness 
Number 

Brinell Ball Hardness 

Number 

Tensile Strength 

Compression on Speci¬ 
mens .564" Diam. and 
.70" in Height 

Yield Point 

Maximum 

Stress 

Elastic Limit 
and 25 % 
Compression 

Compression, Per 
Cent. (loo Tons per 
Sq. In.) (160 Kilo¬ 
grams) per Sq. M/M 

Tons per 
Sq. In. 

Kilograms 
per Sq. 
M/M 

^ A 

Kilograms 
per Sq. 
M/M 

U 

M , 

U) 

Sr; 



ISO 

20 

31 

36 

57 

17 

27 

49.0 

P 


175 

26 

41 

41 

65 

19 

30 

40.0 


34 

200 

32 

SO 

46 

72 

21 

32 

35.0 


38 

22S 

38 

60 

51 

80 

23 

36 

31.0 


42 

250 

44 

69 

S 6 

88 

26 

41 

27.9 

B 

46 

275 

50 

79 

6t 

96 

30 

47 

23 .0 


SO 

300 

S 6 

88 

66 

104 

34 

54 

19.0 


54 

325 

61 

96 

71 

112 

38 

60 

15.2 



350 

67 

los 

76 

120 

43 

68 

11.3 

D 

61 

375 

73 

IIS 

81 

128 

49 

77 

8.0 


64 

400 

79 

124 

86 

135 

55 

87 

5.6 


68 

42s 

84 

132 

91 

143 

61 

96 

3.8 


71 

450 

90 

142 

96 

ISI 

67 

los 

2.4 

C 

75 

475 

96 

151 

lOl 

159 

74 

116 

1.3 


78 

500 

102 

161 

106 

167 

81 

127 

0.6 


80 

52s 

107 

169 

in 

175 

87 

137 

0.23 


H 

550 

113 

178 

116 

183 

94 

148 

0.21 

B 

86 

575 



121 

190 

101 

159 

0.20 


89 

600 



126 

198 

108 

170 

0.18 


92 

62s* 

1 




IIS 

i8r 

0.16 


95 

650 

1 Not 

131 

206 

122 

192 

0.14 

A 

99 

675 

1 determined 

136 

214 

129 

203 

0.13 


lOl 

700 

J 


141 

222 

136 

214 

0.12 


* Glass scratching hardness commences here. 


Hardening Cast Iron 

According to a British authority cast iron can be hardened by 
heating to i55o°F., and by heating to i65o°F and quenching in oil. 
This increases hardness from 259 to 474 Brinell but reduces the 
breaking strength nearly one-half. Reheating to 57o°F is said 
practically to restore the strength and only reduces the Brinell 
to 425. Heating the iron to 700®F. makes the iron stronger than 







23-—Conversion Table of Hardness Numerals—Chapman Vale Manufacturing Co. 


1058 METALS AND OTHER MATERIALS 



10 0 0 »o 0 

00 00 0 vO 

adoosojtiQ 

. . . . Tt ro N w 0 a O\00 00 0 lO ^ rt fO fO PI N M M 0 0 0 

. . . . lo 10 10 10 to Tf TtrJ-rt ^ •’t ^'t ^ 't tT Tt tT Tf tT Tf-Tl” Tt Tf 

adoosojapg 

\0 PIOO t^TfMOO-O rOMoeO "itN M Oi ^ ro t-i 0 0\ t^O ‘O rf 

0 0 0\ 0\ aoo 00 00 C't^vc OOvOO tolOlOtolOlOlOT^'tTtr^T}■ 

Hebert 

Pendulum 

a 

r}- OiO IN 0\ r- to N 0 00 r"0 to Tf (V) N 0 O\00 t^-'O 'OtO^Tf-POfON N 
vOtOlOlOT}-'«t'>t'^'^f0P0P0P0r0P0fOP0MNNPlMPIP«<NPtPtP»P« 


0 tooo N r^cooo fOMOO p'-tM Ott^tOTfPOPi 0 aoo t^vo 't ^ fO 

O>00 00 r-^r^vO'O'O lOIOtOTj-Tj-rj-rtrOfOPOPOPOPOPON N N N (N Pt N 

•sSx -uipM 
‘ssaupjBji dojQ 


c 

0 

u 

0 

d 

0 

ipuag 

‘J9:^9UJ'BIQ 

OOO'O'^O'^-r-r'«OOOO'OO00OO0MNr0fO 'too o o o o 
0 rOfOtoOvtoOvO Pt 00 rococo 0 \ 1^0 lO fO O O\00 P'O 

(s >-1 0 OoQ 00 00 1^0 000 toiototovo'tTt^rf-'t't'tPOroPOPO 

J9;91UHIQ 

;juh:^suo3 

0 PI H roO •-'xo NOO rtMoOO fO*'* ©00 p-iortpj m o Ox 

ro Pt 0 Ox Oxoo oO O'OO tototOtOiOiOTt^'^J-Tt^Tt'tfO 

j9:}9uiojnQ 

00 x-t PI t P' 0 PO too 00 Ox 0 M N PO ICO 00 Ox 0 N PO't iCO 00 Ox O M 
PI POfOPOPO't't't't't'ttCtOtOtOlOtOlOlOOOOOOOOO 

Rockwell Standard jRockwell Superficial] 

X“oe 


N-St 

• • • loto to to to to to to to 

• • • Pt M 0x0 ’'t PI 0 p'to't fo X'l Ox f'O to't PO PI OxOO 0 to rt PO H 

• • • p» t^o0 0 00 to to to to to Tt 't't "pt't ^ po po po fo po po fO 

N-oe 

• . • 10 toto to to to to toto 

• < • PI i-t Ox P'0't PI 0 Oxoo p- to »t pt PI M 0 Oxoo 0 0't po N H 0 

• • • 00 00 p* p' ('• P'0 oooooooO tototototoiototoio 

N»Si 

• . .10 to lotototo toiototo 

’ ’ • PI PI M 0 Oxoo P'0 tort'^tPOPI'HMOOOx Oxoo t^O O to to't 

• • • Ox Ox Ox OxoO 00 00 00 00 00 00 00 00 00 00 00 00 p'p'p-p't'-p~ 

a iFa 

qouj-f 


9 iFa 


Y SUJHJ3 

09 

• • -to W> 1C to to to to to toto to to toto to to to 

• • • Tf ro PI XH 0 0x00 p"0 'OtOTtTtPONPlwMOOxOxP' P"0 xO to 

• ■ -oooooooooo r^p^r'’P'p'p't^p'p^i^i^p'P' P'xO xO <0 O O xO xO 

Q suibjS 
-opx 001 

• • •POPlX'xOOOP'tOTt-poPIiHOOxW P'XO xOtO'tPOPlOOOxoOP' 

. . . t- I'-xO O'OxO'O'O'O'O lOtOtOtOtOtOlOtOlOtOlOTt^^ 

Q suibjS 
'Oirx OS I 

. . . to Tf PI 0 00x0 PI 0 Oxoo xO to PP) PI 0 OxoOxO to PO PI M 0 Ox 

. . • xO xO xO xO to to to to to 't ^'Xf xtt 'I" ^ ^ PO PO PO PO PO PO PO PO PI 

BrineU 

ipa apiqJBQ 

ua^sSunx 

ptopiitO''xrpi'0 'too ioto'<tP'OPiooxHootoTtPi'''OpiMpi . • 

*>. rt M OxxO PIOO rt XH to PI X-I p"0 PO XH 0 00 P'XO to rt PO PI M 0 • • 
00 00 00 fX" P* P'xOjO'O to to to to'tt't It't't PO PO PO PO PO PO PO PO PO • • 

]pa pjBpuB^s 

OtOPIPIPOt't'iOOtO'trttOP'i't'tOxtOi-iOOlOPOPIWMX-iMNPOtO 

oO'tMootoPiOP''OfO'''Ox t^xo xxt M M 0 00 r^xO to rt po Pt x.* O Oxoo 
t' p' P'XO xO'OxOtOtOtotO't't't't't't'tPOPOPOPOPOPOPOPOPOPI Cl 

SJ9^aiuipii\[ 

‘japuJBiQ 

otooiootootootootootootootoo'ootooiooiootoo 
PI PI PO PO't't to toxO xOP-r'00 00OxOxOOMMciPiP0f0''t'tto too 

PIPIPIPIPIPIPIPIPICIPIPIPIPIPICIPOPOPOPOPOPOPOPOPOPOPOPOPO 

JO 8J93|0I^ 

xxtxo w H 00 itxo 'tO'Or'''''tPi'totoPO'HOOH'tTtox'ipoPito 
PI XH fi 't'O 0 it^tOOoO tOPOO P'XO PO PI 0 Oxoo xO IT PO PI M 0 0X00 

PI M 0 OlOO 00 l^xOxOxO lOiOtOtO^'t'tT't^fOPOPOPOPOPOPOPOPI N 
K M H 























COMPARATIVE HARDNESS NUMBERS 1059 



















































io6o 


METALS AND OTHER MATERIALS 


originally but reduces the Brinell to 390. Heating still hotter, to 
925, again reduces the strength and gives a Brinell of 342. 

Some cast irons can be hardened by subjecting them to ammonia 
gas at 925 to 1025°!". for a long period, one test being for 80 hours. 
This gives a very hard surface. Cast iron is sometimes hardened 
by heating to bright red in cyanide and quenching. Gage points 
have been hardened in this way for temporary or infrequent use. 

How to Niter-Blue Steel 

Immerse the chemically clean components in a mixture of 10 parts 
of niter (saltpeter) to i part of black oxide of manganese (Mn02), 
by weight, heated to 800 to 85o°F. The mixture should be con¬ 
tained in a cast-iron pot, heated by any suitable fuel. 

Best results are obtained when the components are contained in a 
wire basket. They are allowed to remain in the niter for from 
5 to 10 minutes, the longer the time, the darker the blue. 

Upon withdrawing the components, quench them in water at a 
temperature of from 125 to i5o°F., and when dry, cover them with 
raw linseed oil and allow them to drain. 

Springs are generally drawn back at from 450 to 6oo°F., depend¬ 
ing upon the analysis of the steel. Higher carbon content requires 
higher temperature. Even the 600-degree tempering temperature 
is too low for the niter-bluing process and another method must be 
used. To get good results have the springs clean and then heat 
them on the surface of a layer of sand, contained in a pan, either 
in the furnace or by a fire applied underneath the pan, until the color 
desired has been obtained. The parts should be turned occasionally 
during the heating, and after the coloring has been completed, they 
should be spread out to cool. 

Quenching or Cooling Steel 

Cooling apparatus is divided into two classes—baths for hard¬ 
ening and the different appliances for annealing. 

The baths for quenching are composed of a large variety of 
materials. Some of the more commonly used are as follows, being 
arranged according to their intensity on 0.85 per cent carbon steel: 
mercury; water with sulphuric acid added; nitrate of potassium; sal 
ammoniac; common salt; carbonate of lime; carbonate of magnesia; 
pure water; water containing soap, sugar, dextrine, or alcohol; sweet 
milk; various oils; beef suet; tallow; wax. These baths, however, 
do not act under all conditions with the same relative intensity, as 
their conductivity and viscosity vary greatly with the temperature. 

With the exception of the oils and some of the greases, the quench¬ 
ing effect increases as the temperature of the bath lowers. Sperm 
and linseed oils, however, at all temperatures between 32 and 
25 o°F., act about the same as distilled water at 160 degrees. 

Arsenal “Hot-Dip” l^ocess for Tinning 

Use a metal composed of 80 parts of lead to 20 parts of tin by 
weight. The steel plate to be tinned is first pickled in a bath of 
40 parts of water to one part of sulphuric acid by volume. After 
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pickling, the metal is washed in clean water to remove all traces 
of the pickling acid. The work is then dipped in a flux which is 
made by dissolving zinc in hydrochloric acid until it is saturated. 
After dipping in the flux, the pieces are dipped in the melted metal 
(8o per cent lead, 20 per cent tin) until thoroughly coated and are 
then shaken off and thrown in a pile to cool. 

A Method of Tinning Brass Parts 

Brass parts are placed in layers in a screened basket with tin 
plates between each layer. They are then placed in a copper tank 
filled with water supplied with steam coil and brought to a boiling 
point. Sufficient amount of cream of tartar is added until the 
parts are properly plated. Four hours are required to properly 
tin these parts. 

Small parts are placed in a cheesecloth bag in a solution of one 
pint of phosphoric acid (U.S.P. 50 per cent) to four gallons of water. 
Heat to a boiling point until parts begin to turn white, requiring 
about 2 hours. Remove and place in linseed oil. They are then 
rolled on straw boards to remove the surplus oil. 

Etching Fluid 

An etching fluid for etching steel by the use of rubber stamps is 
made as follows: 


Nitric acid. 75 parts 

Nitrate of silver. 2 parts 

Water. 23 parts 


To use, a piece of blotting paper or thin asbestos is laid on a sheet 
of glass and saturated with the fluid which takes the place of the 
ink generally used with rubber stamps. The stamp is pressed on 
the saturated pad and then on the steel which is etched lightly with 
the desired design. 

After using, the saturated paper should be destroyed as it tends 
to rust any ferrous material near it. 

Rust Remover 

For rust remover mix the following ingredients: 

Petrolatum. 3 ounces 

P 907 oil. 2 ounces 

Tripoli. 6 ounces 

P 907 oil is made by the Vacuum Oil Company. A similar oil 
is made by the Texas Oil Company known as “Spindle oil B.” 
Either can be used. 

Steam the two oils together until very warm, and then add the 
Tripoli. Spread the mixture on the rusted part. Rub off with a 
cloth after a few moments and the rust should come off with it. 

Marking on Steel 

For marking steel a china-marking pencil may be used. This 
will mark just as readily and distinctly on almost any polished 
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surface, such as steel, brass, or nickel. It makes a sharp line that 
is distinct; it does not injure the surface, and the mark does not 
come off too easily. 

THE PICKLING OF IRON AND ITS ALLOYS^ 

Pickling consists in treating metals with dilute acid solutions 
to remove scale or rust. Scales on iron and its various alloys are 
usually iron oxides classifiable in three groups: 

1. Hydrated ferric oxide (Fe203, H2O)—ordinary brown rust 
and soluble in dilute pickling acid. 

2. Anhydrous ferric oxide (Fe203)—similar to brown rust but 
formed in the absence of water. It is the commonly known “blue 
scale” and is somewhat soluble in pickling acids. 

3. Magnetic oxide (Fe304)—the black scale formed in hot- 
working operations, and only slightly soluble in acids. 

Scales which must be removed by pickling consist chiefly of the 
two last-mentioned oxides which are removed not so much by dis¬ 
solving the scale itself as by the resultant mechanical action. A 
thin layer of metal only enters into the solution when the acid 
penetrates the scale, but the forming of hydrogen forces scale off 
mechanically, and it falls to the bottom of the tank. 

Pickling acids have little or no effect on oil, grease, or lubricating 
compounds which must be removed before pickling. Proper 
cleaning of the material before pickling has a markedly beneficial 
effect on pickling results. At the same time as much as one-half 
of the acid otherwise required may be saved where proper cleaning 
for grease, etc., precedes pickling. 

Acids 

Sulphuric acid is most commonly used for pickling, owing chiefly 
to its low cost. Concentrations of the pickling solutions vary 
from 2 per cent to 15 per cent acid, the bath being heated in order 
to insure the maintenance of a fairly rapid rate of pickling. An 
unfortunate disadvantage of such hot baths is that the fumes are 
disagreeable, but in modern plants ventilation systems have 
eliminated much of the trouble. 

Muriatic acid is used in strengths of 10 to 50 per cent commercial 
acid. While the pickling action of this acid is more rapid and lower 
temperature can be maintained in the baths, the use of muriatic 
acid is generally prohibited on account of its high cost as compared 
with sulphuric acid. 

Acid Strength and Temperature 

Acid strength and temperature should be considered together, 
for both factors affect the rate of pickling. Pickling may be 
speeded up by increasing the acid content up to about 20 per cent 
actual acid. Beyond this point an increase in acid slows down 
pickling. In actual practice the acid strength is between 2 and 
15 per cent. 

^ Weaver Brothers, Clinton, Mich. 
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Changes in temperature have a greater influence on rate of 
pickling than do variations in acid strength. An increase of 2o°F. 
will double the rate of pickling. The temperature range for most 
pickling operations is between 140 and i8o^F. 

Acid content and temperature are largely dependent upon 
individual plant conditions and tank capacities. Acid strength 
of 5 per cent and temperatures between 140 and i8o°F. are advis¬ 
able in most cases, giving as they do a minimum of fumes and the 
best working conditions. Stronger solutions and higher tempera¬ 
tures will increase production, but the added tonnage will be 
attended by greatly increased volume of fumes, together with the 
danger of overpickling, pitting, and acid brittleness. 

Use a good inhibitor. 

Since no matter what the class of work may be, the conditions 
for good pickling hinge upon each other, they can be determined 
and fixed for control for the foreman with the aid of simple tools. 
All he needs is a thermometer, a burette, a clock, and a hydrometer, 
and he can pickle metals accurately and well. 

COPPER ALLOYS 

Strictly, a brass is a copper-zinc alloy containing one-third zinc 
and two-thirds copper; whereas a bronze is a copper-tin alloy con¬ 
taining approximately 10 per cent tin and 90 per cent copper. 
The old-style gun metal contained from 90 to 92 per cent copper 
and from 8 to 10 per cent tin. Lead is frequently added to both 


Composition of Bronzes (Navy Department) 
White Metal: 

Tin. 

Copper. 

Zinc. 

Antimony. 

Lead. 

Hard Bronze for Piston Rings: 

Tin. 

Copper.. 

Bearings—Wearing Surfaces, etc.: 

Copper. 

Tin. 

Zinc. 

Naval Brass: 

Copper. 

Tin. 


Parts 


7.6 


2.3 

83 -3 


3-8 


3-0 


22.0 
78. o 

6 

I 

i 

62.0 
1.0 


Zinc. 

Brazing Metal: 

Copper. 

Zinc. 

Antifriction Metal: 

Copper (best refined). 

Banca tin. 

Regulus of antimony.. 

Well fluxed with borax and rosin in mixing. 
Bearing Metal (Pennsylvania Railroad): 

Copper. 

Tin. 


37.0 

85.0 

ISO 

3-7 

88.8 

7-5 


77.0 

8.0 


Lead.... 15.0 

Admiralty bronze, for condenser tubes; copper 70, zinc 29, tin i. 
Phosphor bronze: copper 83—90, zinc 3, tin 6—10, traces of iron, lead and 
phosphorus. 
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H a 


c c 

SS 

Ih U 

IK 


* Patented 1925; contains 4.5 per cent of silicon and i.o 
t Patented 1925; contains 3.0 per cent of silicon and i.o 
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Note for Table 24 

These alloys are usually furnished in the following tempers and anneals: 

Reduction, 

Tempers B. &. S. Gage 

g uarter Hard. i 

alfHard. 2 

Hard. 4 

Extra Hard. 6 

Spring. 8 

Anneals 
Light 
Drawing 
Soft Drawing 

these classes of alloy to make them machine more easily, and both 
tin and zinc are commonly used in the same alloy, so that today we 
have a series of copper-tin-zinc alloys of almost infinite variety. In 
all cases in the useful alloys of this class, however, there is present 
more than 50 per cent copper. 

In most of the modern alloys tin is depended upon to give strength 
and zinc to cheapen the mixture. Some of the old-style gun metals 
contained as much as 16 per cent tin and 84 per cent copper, but 
such metals were brittle and hard. The common yellow brass 
employed by plumbers in making ordinary valves and fittings may 
be considered as composed of approximately 16 pounds of copper, 8 
pounds of zinc, and ^ pound of lead. It will be noticed that this 
consists of approximately one-third zinc and two-thirds copper, 
with a little lead added to improve the machining qualities. For 
the making of high-grade castings, ingots or new metal should be 
used in all cases. In making a brass the copper should be melted 
first and the zinc added, care being taken not to let the tempera¬ 
ture rise too high, for if it does, the zinc will ignite and burn. The 
lead is added last and the metal thoroughly stirred. 

Navy Department Specifications for Journal Bronze 
(Composition H) 

The chemical properties shall be as follows: 


Copper, 
Per Cent 

Tin, 

Per Cent 

Zinc, 

Per Cent 

Iron 
(Maxi¬ 
mum), 
Per Cent 

Lead 
(Maxi¬ 
mum), 
Per Cent 

Normal 

82-84 

12.S-14.5 

2 - 5 - 4.5 

0.10 

I .0 

83 -i 3 i- 3 J 


Brass Terminology 

Admiralty Metal. —Contains 70 per cent of copper, 2^ per cent of zinc, 
and 1 per cent of tin. Care must be taken not to confuse admiralty metal 
with avdmiralty metal or admiralty bronze, names frequently applied 
to a sand-cast alloy containing 88 per cent of copper, 10 per cent of tin, and 
2 per cent of zinc. Admiralty metal is one of the best known alloys for 
condenser and heat-exchanger tubes. 
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Aluminum Bronze. —Has 1.25 to ii per cent aluminum. 

Brass Forging Rod. —Is an alloy containing 60 per cent of copper, 38 per 
cent of zinc, and 2 per cent of lead. It is extensively used in the manufac¬ 
ture of parts by hot-forging and hot-pressing operations. 

Brass Rod. —Specifically designates a free-cutting alloy of 61.5 per cent 
of copper, 35.5 per cent of zinc, and 3 per cent of lead. It is extensively 
used in automatic screw machine work, where ease and speed of cutting are 
important factors. 

Cartridge Brass. —Designates an alloy of about 70 per cent of ci^per and 
30 per cent of zinc. The term implies an alloy low in impurities. Cartridge 
brass possesses a high degree of mechanical strength combined with good 
ductility. 

High Brass. —Is a general term applied to alloys containing about 2 parts 
of copper to i part of zinc. The A.S.T’.M. recognizes two grades. No. i 
grade is frequently known as spinning brass, eyelet brass, or drawing brass. 
No. 2 grade is generally known as “common high brass.” It has less copper 
than No. i. 

Low Brass. —Contains 80 per cent of copper and 20 per cent of zinc. 
Another grade, known as “rich low brass” contains 8s percent of copper and 
IS per cent of zinc. 

Manganese Bronze. —The 18.5 per cent manganese gives a vyhite-colored 
alloy. Adding 1.25 per cent aluminum tends to prevent oxidation. 

Muntz Metal. —Is an alloy of 60 per cent of copper and 40 per cent of 
zinc. It is used for condenser tube applications, and gives good service in 
the circulation of clean, fresh water. It is not recommended for use with 
salt water or polluted fresh water. 

Naval Brass. —Is 60 per cent of copper, 39.25 per cent of zinc, and 0.7s 
per cent of tin. 

Red Brass. —Has 85 or more per cent of copper. Tin gives it an orange 
color. 


High-Silicon Bronzes 

Duronze is a high-silicon bronze alloy of the Bridgeport Brass 
Company. It is made in four grades for different uses. It weighs 
less than copper and melts at a lower point. Both weight and 
melting point depend on the grade. 

Machining practice for this is about the same as for steel. Tools 
should not be set much above the center, and no land is permissible. 
Tools recommended are shown. Speeds and feeds for drilling and 
turning are shown in the tables. 

Drills with a short helix are best. Undercutting the edges to 
increase rake angle is suggested for long drills. Drills with narrow^ 
polished margins are best. Drills should cut constantly to avoid 
glazing and work hardening of the metal. Use plenty of lubricant. 
Oil hole drills advisable in large or deep holes. 

Taps should have back taper and narrow lands, with flutes of 
10 to 15 degrees lip. Chamfer should cover two threads, and 
tapping speeds should be about 20 feet per minute with plenty of 
sulphurized oil. Tap drills larger than standard and oversize 
taps are recommended. 

Thread chasers in dies should have 10 to 15 degrees lip or hook 
and a narrow land. Speed 15 to 20 feet per minute. 

Reamers should have narrow lands and well polished flutes. 

Milling cutters with coarse teeth are recommended to permit 
chip removal. A cutting rake of 10 to 15 degrees, with 10 degrees 
back rake, is suggested. Use plenty of good lubricant. Form 
cutters should have top and side rake and no lands. Ample chip 
clearance is essential. Speeds of 45 to 55 feet per minute and 
feeds of 0.003 to^ 0.008 inch are suggested. Cuts deeper than i 
inch may give trouble. 



USE OF BRASSES 


1067 


Uses of S.A.E. Brass and Bronze Alloys 

Descriptions of Brass and Bronze Alloys 

A survey of motor vehicle and parts manufacturers in 1932-33 indi¬ 
cated that S.A.E. brass and bronze specifications are used in parts and types 
of service such as those listed below: 

No. 40. Red Brass. —Water-pump impellers, fittings for gasoline and oil 
lines, small bushings, small miscellaneous castings. 

No. 41. Yellow Brass. —Radiator parts, fittings for water-cooling systems, 
battery terminals, miscellaneous castings. 

No. 42. White Nickel Brass .—Control brackets, levers to match nickel- 
silver trimmings and fittii^s on motorboats. 

No. 43. Manganese Bronze. —Gear-shifter forks, counters, spiders, 
brackets and similar fittings, parts for starting motors, landing-gear and 
tail-skid castings for airplanes. 

No. 44. Brass to Be Brazed. —Fittings for water pipes which are brazed. 

No. 45. Brazing Solder.— For brazing. 

No. 02. Hard Bronze. —Gears, bearings, bushings for severe service, valve 
guides, valve-tappet guides, camshaft bearings, fuel pump, timer and dis¬ 
tributor parts, connecting-rod bushings, piston pins, rocker lever, steering- 
sector and hinge bushings, starting-motor parts. 

No. 63. Leaded Gun Metal. —Bushings and bearings, fittings for moder¬ 
ately high water or oil pressures. 

No. 64. Phosphor Bronze. —Wrist pins, piston pins, valve rocker-arm 
bushings, fuel and water-pump bushings, steering-knuckle bushings, aircraft 
control bushings, resistance to wear and scuffing. 

No. 640. Nickel Phosphor Bronze. —Cones of synchronizer gears. 

No. 65. Phosphor Gear Bronze. —Not regularly used. 

No. 66. Bronze Backing for Lined Bearings. —Main bearings, connecting- 
rod bearings. 

No. 67. Semi-Plastic Bronze. —Water-pump bearings. 

No. 68. Aluminum Bronze. —Valve seats, worm wheels, gears, valve 
guides and forgings. 

No. 70. Commercial Brass Sheets. —General purposes, gasoline tanks, oil 
tanks; radiator shells, trim rods, pipe, rivets, water-jacket plates, flat 
springs, de^ drawings and stampings. 

No. 71. Copper Sheets.-^-Minor parts such as connectors and terminals, 
cover plates, radiators, fittings on wing beams and struts. 

No. 72. Free-Cutting Brass Rods. —Small screw-machine parts, pins, 
nuts, plugs, screws, valve disks, valve caps. 

No. 73. Naval Brass or Tobin Bronze Rods. —Forgings, water-pump 
shafts, gears, gear bearings, propeller shafts, studs and nuts, bushings, 
turnbueiJe barrels, adjusting strut ends, valve-stem bushings, screw-machine 
parts. 

No. 74. Annealed Seamless Brass Tubing. —Brass water pipe, ignition 
tubes, foot-rest bars, radiator attachments and spacers, heaters, hghting 
plants. 

No. 7. Copper Tubing. —Oil and fuel lines, oil-gage tube in lighting plants. 

No. 76. Naval Brass or Tobin Bronze Tubing.— Bushings and bearings 
for starting motors and lighting plants. 

No. 77. Phosphor Bronze Strips. —Grade A—friction plates in clutches, 
thrust washers, small springs, contact springs. Grade B—contact supports 
and springs, starting-switch springs. 

No. 79. Red Brass Sheets. —-Radiators; lamp shells, special drawing 
purposes. 

No. 80. Brass Wire. —General purposes for springs, also for wrapping 
turnbuckles and locking wire. 

No. 81. Phosphor Bronze Wire.—Minor springs. 

No. 82. Brass Wire. —Safety wire for fastening nuts and bolts. (See 
also S.A.E. No. 80.) 

No. 83. Soft or Annealed Copper Wire. —Electrical purposes, wire, and 
cable. 

No. 88. Brass Rods. —Forgings, screws, and studs. 

“Supplement to S.A.E. Handbook,” issued August, 1934 by the Society of 
Automotive Engineers, New York. 
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Tempers of Sheet Brass 

Brass finished by annealing is designated as follows: 

Light anneal or blued. 

Drawing anneal or blued soft. 

Soft drawing anneal or soft. 

The first-named terms have been adopted by the S.A.E. and the 
A.S.T.M. and are to be preferred. 

Brass finished by rolling is designated according to the amount 
the thickness of the sheet is reduced from the original thickness. 
When the thickness is reduced one number by the Brown and 
Sharpe gage, the sheet is known as “i hard.’^ The sheet tempers 
follow. 


Reduction in 
B. & S. Gage- 
Numbers 


2 . 

3 - 

4 - 
6 . 
8 .. 
lO 


Designation 
OF Temper 
} hard 
5 hard 
J hard 
Hard 

Extra hard 
Spring 

Extra Spring 


Brass rods are usually drawn to what is called drill temper. 
It is produced by reducing the diameter from 5 to 10 per cent. 
Rods are also drawn “hard’^ by reducing the diameter from 12 to 
20 per cent. 

Tolerances allowed by the Chase Metal Works are: Sheets— 
0.00025 to 0.006 inch for Brown and Sharpe gages Nos. 38 to 0000 
respectively; wire and rods—0.00025 inch for 0.025-inch rods to 
0.010 inch for 3.5-inch rods; tubes—0.001 inch for i-inch tubes of 
No. 26 gage to 0.031 inch for tubes 10 inches or over, of No. 0000 
Stubs’ gage. 


Tolerances on Brass and Copper 

Tolerances on sheet brass and copper depend on the width of 
the sheet as well as the thickness. On thicknesses from 0.460 to 
0.324 inch (Nos. 0000 to o) the tolerance is 0.005 ii^ch on sheets up 
to 8 inches in width; 0.0055 ii^ch on 8 to ii inches in width; and 
0.006 on width of ii to 14 inches. The tolerances decrease to 
0.000025, 0.0005 and 0.00075 inch respectively on sheets 0.0056 to 
0.0040 inch thick (Nos. 35 to 38). These are Brown and Sharpe 
gage. 

Wall thickness of seamless tubing is measured by Stubs gage. 
Tolerances vary both with wall thickness and with tube diameter. 
On tubes under 2 inches diameter with walls 0.454 inch thick, the 
tolerance is 0.019 inch. Tubes over 10 inches, with the same wall, 
are 0.031 inch. Tubes with a wall thickness of 0.083 inch have toler¬ 
ances of 0.0045 ii^ch for 2 inches and of o.oi6 inch for 10 inches in 
diameter. Intermediate sizes and thicknesses vary in proportion. 
These tolerances are plus or minus (Chase Metal Works). 
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Common Uses and Tempers of Wrought-Copper Alloys 


Straight Brasses 


Common 

Mill Name 

Approxi¬ 

mate 

Com¬ 

position 

Cu j Zn j 

Form 

Typical Uses 

Usual 

Temper 

Copper. 

100 

Sheet ' 

Radiator cores 

Soft 




Electrical 

J hard and 





soft 



Wire 

Electrical purposes 

Soft 



Tube 

Heater coils 

Soh 




Gasoline supply 

Soft 


1 


Marine work 

Blued or 





half hard 

Gilding. 

95 5 1 

Sheet 

Screw shells 

Blued 




Inexpensive jewelry 

Blued 

Commercial bronze. 

90 10 

Sheet i 

Radiator cores 

Soft 




Screw shells 

Blued 




Kick plates 

i hard 



Wire 

Screws 

Screw 




Rivets 

Rivet 

Rich low brass. 

8S IS 

Sheet 

Hardware 

Blued 

Low brass. 

80 20 

Sheet 

Ornamental work 

Blued 




Clock dials 

i hard 

Cartridge brass. 

70 30 

Sheet 

Cartridges 

Blued soft 




Musical i n s t r u - 

Blued soft 




ments 





Brazed tubes 

Soft 




Spinning 

Soh 




Springs 

Spring 



Tube 





(usually- 





brazed) 

Bedsteads 

Half hard 




Plumbers’ bends 

Blued soft 

High brass. 

67 33 

Sheet 

Deep drawing 

Blued or 





blued soft 




Spinning 

Soft 




Eyelet 

Blued soft 




Radiator cores 

Blued 



Tube 

Pump liners 

Half hard 




Miscellaneous 

Blued or 





half hard 

Common high brass 

6S 35 

Sheet 

Drawing 

Blued and 
blued soft 




Blanking 

i hard 




Stamping 

Soft 




Spring 

Spring 



Wire 

Screws 

Screw 




Rivets 

Rivet 




Safety pins 

Spring 

Pin metal. 

62 38 

Wire 

Pins 

Extra hard 




Soft wire 

Soft 




Brazing 

Soft 

Muntz metal. 

60 40 

Tube 

Condensers 

Condenser 




Miscellaneous 

Blued or 





half hard 
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Leaded Brasses 


Common 

Approximate 

Composition 

Form 

Typical Uses 

Usual 

Mill Name 

Cu 1 

Zn 

|pb 

Temper 

Leaded yellow.... 
Leaded high. 

' 66 

33 

I0.8 

Tube 

For free turning ' 

Half hard 

66 

33.5 

0.4 

Tube 

Miscellaneous 

Blued or 
half hard 

Butt brass. 

64 

3S.25 

0.75 

Sheet 

Wire 

Butts 

Hinges 

Matrices 1 

Screw eyes 

Half hard 

J hard 
Hard 

Rivet 

Clock brass. 

64 

34 

il 

Sheet 

Clock and watch 
backs, gears, etc. 

Hard 

Free turning. 

61 

36 

3 

Rod 

Most sere w-ma- 
chine work 

Drill 

Forging. 

60 

38 

2 

Rod 

Hot forgings 

Drill 


Tinned Brasses 



Cu 

Zn 

Pb| Sn 

1 

Commercial bronze 

rod. 

Admiralty. 

Naval brass. 

86 

70 

60 

12J 

29 

39 

I 

1 

i 

I 

i 

Rod 

Tube 

Rod 

Tube 

Hardware 
Condenser tubes 
Bolts and nuts 
Marine use 
Marine use 

Drill 

Condenser 

Drill 

Drill 

Blued 


Nickel Silvers 



1 Cu 

Zn 1 

Ni 

1 



S per cent nickel.. . 

64 

31 

S 

Sheet 

Wire 

Trimmings 
Inexpensive jewelry, 

Blued 

Blued 

10 per cent nickel.. . 

64 

26 

10 

Sheet 1 

Inexpensive jewelry 
Inexpensive table¬ 
ware 

Blued 

Soft 

18 per cent nickel.. . 

64 

18 

18 

Sheet 

Tableware 

Drawing 

Spinning 

Base for most silver- 
plated ware 

Soft 

Soft 

Soft 

Soft 


Low Melting Alloys 

Low melting alloys are used extensively for securing punch and 
die parts, anchoring machine parts, short run forming dies, stripper 
plates, and similar work. For this work a metal known as Cerro- 
matrix, melting at 250 degrees F., is largely used. 

For proof castings in forging dies molds, gun chambers, etc., 
Cerrosafe, melting at 190 degrees F., is used. 

An even lower melting metal, Cerrobend, melting at 158 degrees 
F., is used to fill thin walled tubes to prevent crushing when bend¬ 
ing, and for some of the above mentioned uses. 
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Bismuth Alloys (Fusible Metals) 



Bismuth 

Lead 

Tin 

Cadmium 

Melting 

Point 

Newton’s alloys ... 

50.0 

31-25 

i 8 - 7 S 


C" 

95 

Rose’s “ ... 

50.0 

28.10 

24.64 

— 

100 

Darcet’s “ 

50.0 

25.00 

25.00 

— 

93 

Wood’s “ ... 

50.0 

24.00 

14.00 

12.00 

66-71 

Lipowitz’s ** 

50-0 

27.00 

13.00 

10.00 

60 


Alloys 



Copper 

Tin 

Lead 

Zinc 

Nickel 

Anti¬ 

mony 


Babbitt . 

8. 

92. 






Bell metal .... 

76.5 

23*5 





“Big Ben,” 


74.8 

25.2 





Westminster. 

Brass .. 

63-72 



27-34 



Typical brass. 

** wire .... 

70.29 

0.17 


29.26 




Britannia. 

1.46 

90.62 




7.81 

Birmingham 








sheet. 

Bronze. 

95 

4. 


I. 



British coinage. 


80-90 

12-18 


7 - 



Heavy bearings 

German silver.. 

60 



20. 

20 


Nickel varies. 

Gun metal .... 

91 

9 - 





Cannons. 

Mannheim gold 

80-88 



20-12 




Muntz metal .. 

60-62 



38-40 



Ship sheathing. 

Packfong. 

43-8 



40.6 



Chinese alloy. 

Shot metal .... 



99.6 


15.6 


Trace of arsenic. 

Speculum. 

70.24 

29. n 


trace 



Telescope mir¬ 








ror. 

Type metal.... 

2.0 

10. 

70 



18. 




3-2 

82 



14. 

Stereotyping. 

White metal .. 

6 . 

82. 




12. 

For bearings. 


Alloys for Coinage 



Gold 

Copper 

Silver 

Other 

Constitu¬ 

ents 

Remarks 

Gold coin . 

91.66 

8.33 

_ 

_ 

British standard. 

“ “ 

90.0 

lO.O 

— 

— • 

“Latin Union” and American. 

U •< 

1.33 

82.73 

X5.93 

— j 

Roman, Septimus Severus, 
26s A.D. 

“ '• . 

40-35 

19.63 

40.03 

— 

Early Britbh B.C. 50. 

Roman B.C. ^1, almost same 
as Britbh silver coin. 

Silver coin. 

O.X 

7-1 

92.0s 

Lead 0.3 

H <1 


7 -S 

93.$ 


Britbh standard. 
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Cubic feet of water at 4®C. = 62,3565 pounds; weight per cubic inch = 0.036086 pound. 
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Shrinkage op Castings 

Aluminum—pure.2031 in./ft 

“ Nickel Alloy.1875 “ 

“ Special Alloy.1718 “ 

Iron, Small Cylinders.0625 “ 

“ Pipes.125 “ 

“ Girders and Beams.100 “ 

Large Cylinders, Contraction of Diam. at Top.. .0625 “ 

“ Large Cylinders, Contraction of Diam. at Bottom .083 “ 

“ Large Cylinders, Contraction of Length.094 “ 

Brass—Thin.167 “ 

“ Thick.150 

Copper.1875 “ 

Bismuth.1563 “ 

Lead.3125 “ 

Zinc.3125 “ 

Magnesium.1875 “ 


.28125 “ 

METALS USED IN DIE CASTING 

The metals used in die castings are limited by certain require¬ 
ments peculiar to the process. Either they must not be subject 
to excessive shrinkage at high temperatures, or else they must be 
sufficiently strong to withstand the shrinkage. Unless one of these 
two conditions is met, the castings will crack before they can be 
removed from the die. For example, an alloy of aluminum and 
zinc, while common in sand casting, is not suited to die casting, 
although an alloy of aluminum and copper can be die-cast suc¬ 
cessfully. The metals used must not be such as will attack the 
surface of the die. It has been found that an alloy of copper and 
aluminum can be cast in permanent molds, while an alloy of 
copper and zinc, fusing at no higher temperature, will seriously 
injure the surface of the mold. The metals must fuse at a tem¬ 
perature low enough to avoid destroying the section of the casting 
machine in which the molten metal is contained, at least for a 
reasonable length of time. This condition has so far been one of 
the chief handicaps to the use of aluminum bronze in the produc¬ 
tion of die castings. 

Die-casting alloys, in general, may be divided into four groups: 

I. Zinc-Base Alloys.—These were early used in die casting, 
and are still employed to a large extent in the production of 



Per Cent 

Per Cent 

Tin. 

6 

None 

Copper. 

i 

89I 


Aluminum. 

0 

c 

Zinc. 

*92 



* Horsehead spelter or its equivalent should be used in this alloy, or, in fact, 
any zinc alloy where the aluminum content is higher than if per cent. 
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many types of parts on account of their adaptability in taking 
accurate shapes when forced into the die under pressure. The 
two mixtures shown in the table at the bottom of page 1074 are rep¬ 
resentative of the alloys of this class now in use. 

2. Tin-Base Alloys.—These are more generally known as babbitt 
metals. They have become of special use in the production of 
automobile bearings and have also become commonly used in 
connection with various parts requiring acid-resistant or non- 
corrosive properties. The following mixtures are representative 
of this class: 



Per Cent 

Per Cent 

Per Cent 

Per Cent 

Tin. 

87 

84 

81J 

78^ 

Antimony. 

7 

9 

I 3 f 


Copper. 

Lead. 

6 

7 

4 f 

4 l 

4 


3. Lead-Base Alloys.—These are alloys containing a high per¬ 
centage of both tin and lead. They are also used for bearings, but 
only where the speed is slower and the heat conditions are less 
severe, for example, in stationary engines. The following alloys 
may be considered representative: 



Per Cent 

Per Cent 

Per Cent 

Per Cent 

Per Cent 

Lead. 


42 

67J 

75 

1 

84^ 

Tin. 

61} 

48 

17 

15 

S 

Antimony..., 

loi 

8i 

15 

10 

10 

Copper. 

3 

li 

00 } 

00 

oo§ 


4. Aluminum-Base Alloys.—They may be divided into various 
groups: aluminum copper, aluminum silicon, aluminum copper 
silicon. Other elements, such as magnesium, manganese, and 
nickel, are sometimes introduced to give special color, toughness, 
or wearing qualities. 

In considering the various alloys used in die casting, the limits 
of weight, accuracy, and other properties possible in each are of 
interest. They may be classified approximately as follows: 

Limits,* Maximum Weights for Castings 

Pounds 

Aluminum-base. 3 


Tin-base. 8 

Lead-base. 10 

Zinc-base. 6 


* These limits may sometimes be exceeded where the nature of the part is 
favorable to die casting. 
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Limits, Minimum Wall Thickness 

Inc 

Lead-base. ^ 

Tin-base. ^ 

Zinc-base. | (on small castings) A 

Aluminum-base. | (on small castings) 


Possible Variations from Drawing Dimensions, per Inch 
OF Diameter or Length 


Inch 

Lead-base. 0.001 

Tin-base. o. 0005 

Zinc-base. 0.001 

Aluminum-base. 0.0025 


Where the distance involved is several inches, these limits may 
sometimes be reduced. 


M/\ximum Number of Threads 


Lead-base, external. 24 per inch 

Zinc-base, external.30 per inch 

Tin-base, external.34 per cent 

Aluminum-base, external. 20 per inch 


In the case of aluminum, where close fit is required, the threads 
should be cast oversize and chased. Where economical, internal 
threads may be cast in parts made from zinc-, tin- or lead-base 
alloys, but this is seldom possible in parts made of aluminum. 

Holes 

Lead-base, tin-base, and zinc-base, ^ inch minimum. Regulated 
by depth of hole and thickness of casting. 

Aluminum-base, inch minimum. Size of hole is dependent 
on its length and the general design of castings. Holes not cast 
can usually be spotted to facilitate drilling. 

Draft 

Lead-base and tin-base. Cores 0.0005 inch per inch of length 
and diameter. Side walls o.oi inch per inch. 

Zinc-base. Cores 0.001 inch per inch of diameter and length. 
Side walls 0.001 inch per inch. 

Aluminum-base. Cores 0.015 inch per inch of length and 
diameter. Cores less than \ inch in diameter should have 0.005 
inch draft per inch of length. Side walls 0.005 inch per inch. It 
is sometimes possible to modify these limits when they interfere 
with the service required. 

Brass Die Castings 

After much experimenting, die castings are now made successfully 
in brass, white-nickel brass, and manganese bronze. These 
pressure die castings are about three times as strong as sand castings 
of 60-40 brass. “Brastil,’^ the name of Doehler brass pressure 
castings, has a tensile strength of 90,000 pounds. It is easily 
machined and makes a good bearing. 
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ALLOYS FOR SPECIAL PURPOSES 
Alcumite 

Alcumite is a non-ferrous alloy with a golden appearance. It 
melts at approximately ipoo^F. and remains strong and ductile 
up to about 1600 degrees. Ultimate tensile strength is about 
75,000 pounds, cast elongation, about 25 per cent. In rolled form 
the tensile is 100,000 to 110,000 pounds per square inch, and the 
elongation, 30 to 40 per cent. It resists sulphuric and most other 
corrosive acids and gases. 

Alcumite is an aluminum bronze alloy with a copper base and 
some iron, manganese and nickel. It is malleable, can be machined 
at 80 feet per minute, and welded. It can be cast and forged. 
Specific gravity 8.3; weight per cubic inch is 0.299 pound; it melts 
at i 900°F.; shrinkage is per foot. Brinell hardness is 130 for 
castings, 195 for hot-rolled sheets. Tensile strength is 75,000 
pounds for castings, 110,000 pounds for hot-rolled sheets. 

Alummum 

Can be melted in ordinary plumbago crucibles, like brass, and 
will not absorb silicon or carbon to injure it unless overheated. 
Melts at i 2I7°F. or 625^0. Becomes granular and easily broken 
at about iooo®F. From 0.5 to 2 per cent. 

Shrinkage of pure aluminum... 0.2031 inch per foot 
Nickel-aluminum casting alloy. 0.1875 inch per foot 
Special casting alloy. 0.1718 inch per foot 

The most used alloys have a strength of about 20,000 pounds to 
the square inch at a weight of one-third that of brass. 

Iron or sand molds can be used and the metal should be poured 
as cool as it will run to avoid blowholes. 

Burnishing .—Use a bloodstone or steel burnisher, with mixture 
of melted vaseline and kerosene oil or two tablespoonfuls of ground 
borax, dissolved in a quart of hot water and a few drops of ammonia 
added. 

Frosting .—Clean with benzine. Dip in strong solution of caustic 
soda or potash, then in solution of undiluted nitric acid. Wash 
thoroughly in water and dry in hot sawdust. 

Polishing .—Any good metal polish that will not scratch will clean 
aluminum. One that is recommended is made of i part of stearic 
acid, I part of Fuller’s earth, and 6 parts of rotten-stone; grind fine 
and mix very well. 

Castings are cleaned with a brass scratch brush run at a high 
speed. Sand blasting is also used both alone and before scratch 
brushing. 

Spinning .—A high speed, about 4,000 feet per minute, is best for 
spinning. This means that for work 5 to 8 inches in diameter, 
2,800 to 2,600 revolutions per minute is good, while for smaller work 
of 4 inches this would go up to 3,200 r.p.m. 
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Turning .—Use a tool with shearing edge similar to a wood¬ 
cutting tool, as they clear themselves better. Use kerosene or water 
as a lubricant, or if a bright cut is wanted, use benzine. For 
drawing on a press use vaseline. 

Ascoloy 

Ascoloy is a chromium-steel alloy sometimes called “rustless 
iron.” It can be machined in about the same way as high-carbon 
steel and can be welded by either oxyacetylcne or arc, although the 
former is preferred. Tensile strength annealed is 80,000 pounds; 
properly heat-treated, it has shown 200,000 pounds. It has a 
Brinell up to 364; good for use in mines. 

Bakelite 

Bakelite is a synthetic product formed from formaldehyde and 
phenol or carbolic acid, which form a resin-like material which 
hardens with heat. It is molded into many forms, and by impreg¬ 
nating sheets of paper or cloth with the resin and baking it under 
pressure, a very strong sheet is produced. Gears are made from 
sheets made up of strong cotton duck and bakelite and give quiet 
service and long life. Specific gravity is 1.35. Tensile strength of 
average products is 13,000 pounds; of molded products, 4,500 
pounds. 


Calite 

Calite is a heat-resisting alloy in which nickel and aluminum are 
the principal alloys. It is used for carburizing boxes and similar 
purposes. Cast calite cannot be machined or cut with the oxyacet- 
ylene torch. All finish is by grinding. It also resists corrosion 
from salts. 


Physical Properties 


Melting point. 

Softening point. 

Working temperature. 

Specific gravity. 

Weight per cubic inch. 

Tensile strength. 

Brinell hardness, annealed 
Scleroscope. 


. 2777 degrees Fahr. 

. 2500 degrees Fahr. 

.. 2200 to 2370 degrees Fahr. 

. 7-03 

. o. 25 lb. 

36,800 pounds per square inch 

. 286 

. 40 


Duralumin 

Duralumin is an aluminum alloy that has the advantage of being 
approximately one-third the weight of steel, or o.ioi to 0.103 pound 
per cubic inch. It can be supplied in various types and sections 
ranging from plates and sheets to angles and tubes, and can be cast, 
forged, or stamped so that it may be used for a variety of parts. 
Duralumin is the trade name of the product, and similar metals are 
made under otl^er names carrying the same characteristics. 
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Composition 

The composition of the finished alloy can be stated as follows: 


Copper. 

Manganese. 

Magnesium 

Silicon. 

Iron. 

Aluminum. 


Per Cent 

• • 3-5-40 

■ • 0.5-0.75 
. . 0.5-1.00 
Under 0.60 
Under 0.60 
Balance 


Silicon and iron are generally impurities. The form in which 
the raw material is used is important and can be stated as follows: 

Ingot aluminum. over 99 per cent purity 

Copper-aluminum alloy.( Copper 50 per cent 

I Aluminum 50 per cent 

Aluminum-magnesium.f Aluminum, 90 per cent 

I Magnesium, 10 per cent 

Aluminum-manganese.f Aluminum, 90 per cent 

I Manganese, 10 per cent 


Annealing 

Temperatures to which duralumin is subjected must be carefully 
watched and checked by the use of accurate pyrometers. The 
secret of good Duralumin lies entirely with the accurate tempera¬ 
tures used in alloying and in heat-treatments. Annealing should be 
done between the temperatures of 660 and 7i5°F., and cooled in 
air. At this temperature the metal becomes plastic and can be 
worked and formed into various shapes. The purpose of annealing 
is to increase the softness and ductility, so that it may be more 
easily formed into various shapes, such as stampings, also that it 
may withstand the strains to which it is to be subjected. 

Heat-Treatment 

The tempering of Duralumin consists of immersing the metal 
parts in a salts bath, heated to a temperature of 895 to 930°F., 
then quenching in boiling water. The salts employed are potassium 
nitrate and sodium nitrate in equal parts. An important point is 
the period of time necessary for the material to remain in the bath. 
For annealing plates from 0.04 to 0.08 inch thick, 10 to 20 minutes 
at 66o°F. are required, and for tempering, the time is from 7 to 
16 minutes at p30°F. The methods of heating are by electricity, 
gas, or oil. Charcoal or coke should never be used, because the 
gases given off, if they should combine with the nitrates used in the 
bath, would result in a highly combustible and explosive compound. 

Machining 

Duralumin can be turned and machined at practically the same 
speed and feed as brass. It does not seize or drag the tools as do 
some aluminum alloys. Kerosene forms a good tool lubricant in 
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threading or finishing parts, leaving a clean-cut surface. A mix¬ 
ture of lard oil and kerosene, in equal parts, will be found useful for 
average work. When buffed, Duralumin takes a fine polish similar 
to silver, except that the surface lasts longer, as it does not tarnish 
in the presence of sulphureted hydrogen and similar gases. 

Everdur Metal No. 50 

Everdur is an alloy of copper, silicon, and manganese and com¬ 
pares physically with medium carbon steels, but resists corrosion. 
Specific gravity, cast, is 8.15, weight per cubic inch is 0.294 pound. 
Tensile strength, castings, is 50,000; small, hard-drawn wire, 
157,000 pounds. Melting point is i922°F. It machines similarly 
to high-grade bronze, and can be welded by either process. 

Genelite 

Genelite is a spongy bronze with about 40 per cent, by volume, 
of graphite uniformly distributed in it. Its spongy nature per¬ 
mits it to absorb about 3 per cent in weight or 20 per cent in volume, 
of oil. It is a bearing metal for piston-pin bushings and similar 
places. It is difficult to cut as it dulls tools rapidly but can be 
easily ground with the proper wheels. It should be completely 
supported because it springs easily. 

Monel Metal and Inconel 

Monel metal is a trade name of a metal which is now made in 
three grades. Monel is two-thirds nickel and one-third copper. 
It is a general-purpose metal that is rustproof, corrosion-resistant, 
and has a yield strength of from 25,000 to 115,000 pounds. 

Monel is 66 per cent nickel, 29 per cent copper, and 2.75 aluminum. 
It is nonmagnetic and can be heat treated to 145,000 pounds yield 
point. “R’^ Monel is 67 per cent nickel, 30 per cent copper, and 
has 0.035 per cent sulphur. It is free-machining and has a yield 
point about 10,000 below Monel. Inconel, which is produced by 
the same firm, is 79 per cent nickel, 13 per cent chromium, and 
6 per cent iron. It is both heat- and corrosion-resistant, with yield 
points up to 140,000 pounds. 

Monel metal shrinks i inch to the foot in castings; should be 
poured at 28oo°F. Cores should be made of washed silica sand and 
raw linseed oil, in the proportion of about 25:1 for large cores and 
60:1 for small cores. 


Pickling 

For heavily scaled Monel soak in 10 per cent (by weight) hydro¬ 
chloric acid for 30 minutes at i8o°F., then dip in a sodium dichro- 
mate solution for 5 to 10 minutes at room temperature. This 
solution is made by dissolving o.i gallon of sulphuric (66®B6.) and 
1.1 pounds sodium dichromate in i gallon of water. For unsealed 
Monel the solution is i gallon of water, 1.5 gallons sulphuric acid 
66® B6., 2.2 gallons nitric acid 38® B6.; cool, and add 0.2 pound 
sodium chloride. 
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Welding 

Monel metal welds readily by gas or electric method. Monel 
rods should be used. Welding tip should be one size larger than 
for steel. An electric welding flux has been specially developed. 
Monel metal rods make a machinable weld on cast iron. Monel 
metal is easily soldered and brazed; clear surfaces are necessary. 

Drawing and Punching 

Reduction of diameter and depth of draw about as for steel, 
but corners of dies should have larger radius to prevent tearing. 
Metal is “sticky” and tends to adhere to soft dies. Diameter of 
first cup is usually about two-thirds that of blank. Reduction of 
30 per cent in gage may be had in one draw with slight reduction 
in diameter. Clearances are usually greater than for steel; runs 
0.010 to 0.015 inch on metal from 0.1021 to 0.078 inch. Greater 
power required than with steel. Proper adjustment of pressure 

E late and blank holder prevents wrinkling. Anneal at 1400 degrees 
etween draws. Punches are designed about 75 per cent stronger 
than for steel, with same clearance angles. 

Spinning 

Owing to toughness. Monel metal is harder to spin than copper, 
brass, steel, or silver and requires more frequent annealing. Spin¬ 
ning tools should be brass, bronze, wood, or tool steel, not soft steel. 
Lubricate with tallow. No change necessary from ordinary speed 
of lathe. 


Bakelite 

Bakelite is made under a variety of names such as “Dilecto,” 
“Formica,’’ “Insurok,” “Lamicoid,” “Micarta,” “Panelyte,” 
“Phenolite,” “Spauldite,” and “Synthane.” Sheet stock weighs 
0.78 ounce per cubic inch, or 20.5 cubic inches weighs i pound. 
Specific gravity is 1.32 to 1.40. Suggestions as to machining are: 
Use saws just soft enough to file; band saws should have 5J teeth 
per inch and run 4,000 feet per minute; circular saws can run 6,000 
feet per minute. 

Gear Shaping.—Use 100 to 130 strokes per minute roughing with 
fairly fine feed; for finishing, use 500 strokes per minute with 0.010- 
inch stock left for finish. 

Milling. —Use high speed and coarse feed. Give tools 3 to 5 
degrees more rake than for metal. Where possible, remove all 
material at one cut. No cut should be less than J inch. 

Drilling. —Use high-carbon steel drills. Holes will normally 
be about 0.003 ii^ch under size. To get a larger hole, grind the 
drill off center. Use highest spead without burning and withdraw 
from work quickly. Holes A and smaller are drilled dry; use 
lubricant with larger holes. Special drills can be had for this work. 

Threading.—Taps and dies used on metal are suitable if used with 
lubricant. 
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Punching. —Plain punches and dies suitable up to i inch diameter. 
Keep sharp, and use minimum clearance. Material should be 
heated to about 28o°F. on steam table. Sheets i to | inch should 
be blanked out and then shaved. Work should be heated and oiled. 
Shaving cutters should have 45 degrees rake. Heavier stock should 
be sawed out and machined in lathe or milling machine. 

Shearing. —Heat to 120 to 3oo°F. to prevent chipping of edge. 

Dull Finish. —Rub with pumice; then with oil. For a dull matt 
use No. o emery cloth, finish with No. 00. For electrical work use 
sandpaper. 


Tapping Laminated Plastics 

Taps wear rapidly in laminated plastics as holes contract and 
bind in backing out. Carbon steel taps may tap 300 to 400 holes 
and high-speed taps double that number. Ground thread, high¬ 
speed taps when properly chromium plated will tap 1,000 to 1,200 
holes and can be sharpened and replated from nine to twelve times. 
Thread relief should be greater than for metals. Compressed air 
jets are the best “lubricant.Recommended tapping speeds for 
laminated plastics are given in the table below. 


Tapping Speeds for Laminated Plastics 


Diameter of Tap, m Inches 

. 1 

Revolutions per 
Minute 

Surface Speed Feet 
per Minute 

0.0590 

3,500 

54 

0.0787 

2,575 

S 3 

0.0984 

2,020 

1,650 

52 

0.1181 

51 

0.1378 

1,390 

50 

OIS 75 

1,165 

48 

0.1772 

993 

46 

0.1968 

855 

44 

0.2165 

742 

42 

0.2362 

647 

40 


SOME USES OF LEAD 

Sheet lead can be molded and united by soldering, welding, or 
burning. It is used for such work as roofing, flashing, valleys, 
water caps, etc. It is also used for lining tanks and acid containers 
where the corrosive effects of acids must be resisted. 

Lead burning, or autogenous soldering, is the process of joining 
two edges of the metal by fusion or melting without the use of any 
other metallic alloy. The unioit is accomplished by directing an 
oxyhydrogen flame upon the two surfaces or edges to be joined. By 
this process the possibility of cracking or breaking apart is practi¬ 
cally eliminated, and the pliability of the lead is maintained. Lead 
burning is advantageous in chemical works for joining the edges 
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of sheet lead for sulphuric chambers, tanks, vats, and concentrating 
pans, where solder containing tin would corrode. 

Lead wire and rods are used by engineers for testing bearings and 
filling inequalities in surfaces. It runs from 22 Birmingham gage 
to inch. Lead washers are used extensively for gas, water, and 
electrical work and for similar work where it is desirable that the 
washer conform closely to the uneven surface. These are usually 
flat on both sides. For building and roofing purposes they are 
concave and are useful for preventing leaks in steel roofs and side 
walls. 

Antimonial lead, sometimes called ‘‘hard lead,’^ consists of pure 
lead with addition of antimony to provide stiffness. If the per¬ 
centage of antimony is not too high, there is no change in the 
desirable properties of the lead. Excessive use of antimony in 
lead adds to the possibility of cracking, and the lead thus brittleized 
is difficult to handle and work. The hardness of antimonial lead 
is a desirable feature when made up into sheets and makes it 
especially desirable for lining deep tanks. Its hardness prevents 
it from being injured in contact with materials or equipment. 
Approximate tensile strength is double that of pure lead, and 
lighter weight sheets can therefore be used. American Smelting 
and Refining Company supplies sheets with percentages of anti¬ 
mony up to 7, but recommends 3 to 4 per cent antimony. 

INDUCTION HEATING 

Heating metals by high frequency current dates back to 1916, 
but has only recently come into use in production. Among its 
advantages are that heat can be localized and that the heating 
period is so short that both distortion and oxidization are mini¬ 
mized. Properly designed fixtures make it possible to secure uni¬ 
form and highly satisfactory results with a minimum of training. 

SALT BATHS FOR ALUMINUM* 

Sodium nitrate—or this plus potassium nitrate, equal parts— 
melts below annealing temperature. For rivets, avoid contact with 
salts. The rivet containers may be put in metal tubes with caps 
and handles made 2 to 2 J inches in diameter to hold them. The top 
of the tube should be at least 4 inches below the salt bath. Quench 
in water 85 to ioo°F. 

* Army-Navy practice, adopted July 25, 1942. 
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MACHINE FORGINGS 

STEAM HAMMERS 

While it is impossible accurately to rate the capacity of steam 
hammers with respect to the size of work they should handle, on 
account of the greatly varying conditions, a few notes from the 
experience of the Niles-Bement-Pond Company will be of service. 

For making an occasional forging of a given size, a smaller ham¬ 
mer may be used than if we are manufacturing this same piece in 
large quantities. If we have a 6-inch piece to forge, such as a pin¬ 
ion or a short shaft, a hammer of about i,ioo pounds capacity would 
answer very nicely. But should the general work be as large as 
this, it would be very much better to use a 1,500-pound hammer. 
If, on the other hand, we wish to forge 6-inch axles economically, it 
would be necessary to use a 7,000- or 8,000-pound hammer. The 
following table will be found convenient for reference for the proper 
size of hammer to be used on different classes of general blacksmith 
work, although it will be understood that it is necessary to modify 
these to suit conditions, as has already been indicated. 


Diameter of Stock Size of Hammer 

3j Inches. 250 to 3SO pounds 

4 Inches. 350 to 600 pounds 

Inches. 600 to 800 pounds 

5 Inches. 800 to 1,000 pounds 

6 Inches. 1,100 to 1,500 pounds 


Steam hammers are always rated by the weight of the ram and 
the attached parts, which include the piston and rod, nothing being 
added on account of the steam pressure behind the piston. This 
makes it a little difficult to compare them with plain drop or tilting 
hammers, which are also rated in the same way. 

Steam hammers are usually operated at pressures varying from 
75 to 100 pounds of steam per square inch and may also be operated 
by compressed air at about the same pressures. It is cheaper, how¬ 
ever, in the case of compressed air to use pressures from 60 to 80 
pounds instead of going higher. 

In figuring on the boiler capacity for steam hammers, there are 
several things to be considered, and it depends upon the number of 
hammers in use and the service required. It will vary from i 
boiler horse-power for each 100 pounds of falling weight up to 3 
horse-power for the same weight, according to the service expected. 
In a stop where a number of steam hammers are being used, it is 
usually safe to count on the lower boiler capacity given, as it is 
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practically safe to say that all of the hammers are never in use at 
the same time. In a shop with a single hammer, on the other hand, 
and especially where hard service is expected, it is necessary to allow 
the larger boiler capacity since there is no reserve to be drawn on, 
owing to part of the hammer’s being idle, as in the other case. 

DROP FORGINGS 
Draft in Drop-Forging Dies 

In sinking dies for drop forging, it is important that the draft at 
the sides of the impression should be made as small as possible to 
avoid heavy cuts in the machining operations. It is equally impor¬ 
tant that the draft be sufficient to allow the forging to be easily 
withdrawn from the die, else production under the hammer will be 
hampered. The standard draft (or draw) for most dies is 7 degrees 
from the perpendicular, but other angles are used in special cases 
and sometimes two or three different angles of draft are used in the 
same die at different parts of the impression. 



Fig. I. —Example of Draft in Drop-Forging Dies 


Figure i shows the plan and side elevation of a lower die where 
three angles of draft are advisable. The shoulders A and B are 
places where the metal is likely to hug on account of the contraction 
of the hot metal along the part marked C, which is of comparatively 
small cross section and will cool rapidly. These shoulders are given 
an angle of 9 degrees. The inserted tool-steel plug D is another 
place where metal is likely to hug badly. It is usual to give such 
plugs 12 and even 15 degrees of draft on each side. Moreover, the 
tendency of plugs to get “jumped up,” hammered over, and badly 
heat-checked is much reduced if they are given a big draft. The 
part marked E is semicircular and will draw easily. The end of E 
at F is a part of a sphere. All other sides of the impression aie 
given 7 degrees draft. If the die is smooth and regular the forging 
will draw easily. 

All impressions are laid out to i inch to the foot shrink rule. 
This allows for a shrinkage of about 0.010 inch to the inch. The 
same shrinkage is allowed in the thickness of foj^gings. For 
example: A forging is to be 2 inches thick with half the tjiickness in 
each die. The depth of impressions will be i.oio inch in each die. 
In laying out the impression on the face of the die, allowance has 
been made for shrinkage in length, thickness, and breadth of forging, 
and, in addition, for the draft on the sides. In complex dies where 
there are many different depths and offsets on the face of the die, the 
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die sinker has to keep all these points constantly in mind while 
laying out or run the risk of spoiling the whole job. 

Draft Dimensions 

The allowance for 7-degree draft is easy to remember, being 
almost eactly ^ inch at the face of the die for each } inch of depth. 
Table i has been calculated to give the allowance in thousandths 
of an inch on actual depth, as measured with an ordinary depth 
gage. It is not usual in marking out to work closer than inch, 
but the arrangement of the table in thousandths allows the nearest 

Table i.—Allowance in Thousandths of an Inch at Face of 
Die for Standard Angles of Draft and Various Depths 
OF Impression 


^ , . Standard Draft Angles in Degrees 

Depths in __ 


Inches 

5 Degrees 

7 Degrees 

9 Degrees 

12 Degrees 


Inch 

Inch 

Inch 

Inch 



O.OII 

0.01$ 

0.020 

0.027 



0.022 

0.031 

0.040 

0.053 



0.033 

0.046 

0.059 

0.080 



0.044 

0.061 

0.079 

0.106 

1 

1 

o.oss 

0.077 

0.099 

0.133 



0.066 

0.092 

0.119 

0.159 



0.077 

0.107 

0.139 

0.186 

I 

0.087 

0.123 

0.158 

0.213 

I 


o.ogS 

0.138 

0.178 

0.239 

I 


0.109 

0 .IS 3 

0.198 

0.266 

I 


0.120 

0.169 

0.218 

0.292 

I 


0.131 

0.184 

0.238 

0.319 

I 


0.142 

0.200 

0.257 

0.34s 

I 


O.IS 3 

0.21S 

0.277 

0.372 

I 

r 

0.164 

0.230 

0.297 

0.399 

’ 1 

O.I 7 S 

0.246 

0.317 

0.425 


inch to be taken. The best plan is to take the allowance for the 
angle at i inch depth as a constant and figure out the allowance for 
the particular depth wanted from the expression 


Draft allowance = —- 

I 

where C = a constant and D = the depth in inches. 

Making Types 

A type, shown in Fig. 2, is generally used as a guide for chipping 
and scraping out the spherical end of the semicircular part. It is 
not usual to make the curve on the end conform to any particular 
mean angle of draft. Most diesinkers merely turn the end of the 
type to a curve that looks right to the eye. However, uniformity 
is desirable in these curves and Table 2 is given as a help in that 
direction. It gives the values of the mean angle of draft with 
various radii expressed in terms of the diameter of the type. It will 
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Table 2.—Mean Draft of Spherical End of Cylindrical 

Type 


When Radius of End of Type is 

Mean Angle of Draft in Degrees is 

2J X Diameter of T3q)e 

si 

2 \ X 

li u 

6 | 

2 X 

11 it 

7i 

if X 

li li 

8i 

li X 

li il 

9 i 


be noted that if the radius r is made twice the diameter of the type, 
the mean angle of draft is 7^ degrees. This rule is easy to remember 
and a good one to adopt as standard. A good and easy way to get a 
close approximation to the required curve is as follows: Turn a 
cylinder of tool steel to the required diameter. Face the end square, 
scratch off the distance GE equal to the allowance for draft obtained 
from Table i, remembering that the depth is half the diameter of 
the type. Turn the end to a curve which is uniform to the eye from 




Fig. 2. —“Type’^ for Die Draft Fig. 3. —Diesinking 

Cutter at Work 

the center to the scratched line //, After the type is hardened it is 
ready for use. 

Semicircular impressions are finished with ball cutters of the cor¬ 
rect diameter. When a ball cutter of the correct diameter is not at 
hand and the job will not warrant making one, the following 
method may be used. The center line of the impression is pro¬ 
jected to the end of the die. A semicircle is scribed on the vertical 
surface of the end. After the impression is roughed out, a smaller 
ball cutter is placed in the chuck of a diesinking machine and the 
knee and slides manipulated until the cutter is in proper relation 
to the semicircle as shown in Fig. 3. A square is used to indicate 
when the curves of cutter and semicircle are coincident, as at /. 
The micrometer dials are now set, the lateral slide locked, the knee 
lowered, the longitudinal slide operated until the cutter is in posi¬ 
tion over the impression and the ball tool sunk into the die until the 
micrometer comes to the position set at the semicircle on the end. 
A longitudinal cut is taken with this setting. The cutter is then 
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placed in another lateral position and the operation of setting and 
cutting repeated. It may be necessary to perform this operation 
several times, and even then the result will be a series of gutters 
and ridges instead of a uniform, semicircular depression. This can 
be readily corrected with the scraper and riffler. 

An aid in testing the accuracy of semicircular impressions is 
shown in Fig. 4. If the semicircle is true, the corners of the square 
will touch in all positions when the sides are 
resting on the edges of the impression. If 
the square rocks on the corner in any posi¬ 
tion, that spot is high and must be scraped 
down. This test must be made before the 
‘ flash ” is milled in the die. 

Swaging 

Fig. 4 Swaging is also called “ swedging ” in some 

localities and is a forging process which is 
usually done cold, by a large number of repeated blows acting on a 
revolving die which shapes the work. While swaging is usually con¬ 
fined to comparatively small sizes, some automobile axle ends are 
shaped by this method. These are swaged hot and are held within 
very close limits. This process saves the metal that would be wasted 
in chips. The capacity of a machine is usually about half as much 
on solid work as on tubing of the same size. The power required 
varies from J horse-power on machines for |-inch tubing to 7^ horse¬ 
power for 2-inch tubing. 

Forging Hammers 

Improved alignment and quick return in modern forging ham¬ 
mers, has, according to R. E. W. Harrison, made possible the reduc¬ 
tion of draft in dies from 7 to 3 degrees in many cases. This 
materially reduces the amount of metal to be removed in machining. 
Factors which govern the selection of the correct size and capacity 
of forging hammers are: 



1. Required die-face area (governing ram and cap face areas). 

2. Total cubic inches displacement of metal to be effected (governs the 


power required in the tool). 

3. Amount of preliminary drawing, fullering, and bending (governing 
type of tool—steam, air, or board). 

4. Thin-section forgings which naturally cool rapidly can generally be 
made more economically on board hammers because of lower maintenance 
cost occasioned by relative ability of the board-type hammer to adapt itself 
to the load. (Board hammers are available up to s.ooo pounds capacity.) 

5. Weight of die to be manipulated (has bearing on amount of power 
required). 

6. Possible multiplicity of impressions in the dies (has bearing on size of 


TAta). , . 

7. Availability of different sources of power (air, steam, electricity, or 
line shaft). 

8. Economic balance between size capacity of tool and anticipated work 
load. (Continuous production usually justifies a heavier tool.) 

9. On high-production forging work it has been shown to be economically 
desirable to keep the ratio of falling weight to anvil assembly at not less 
than 25:1. 
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Drop-Forging Data^ 

With a lever such as shown in Fig. 5, the designer decides on a 
parting line {PL) which establishes all the formation above the 
parting line as being sunk or formed in the face of one die block 
and the balance in the companion die block. Although many 
pieces can be sunk with flat faces because the PL is straight, in the 
case of the lever shown, the PL must change from one level to 
another to part through the centers of the inch diameter and the 
^ inch radius and to clear properly. This creates a locked die, 
meaning that the die faces which carry the impression are of irregU' 
lar topography. 



Fig. 5. —Parting Line of Drop-Forged Lever and Other Details 


It is also necessary to decide on a forging plane which is an 
imaginary plane at right angles to the die reciprocation and is 
important since all clearance or draft must be measured therefrom. 
Frequently, pieces may be tipped in the die to produce natural 
draft at important points. 

Drop forgings are subject to a variation in thickness dimensions 
(all dimensions perpendicular to the forging plane) amounting to 
0.015 iiich on very small forgings to A i^^ch on very large forgings. 
The variation on the average small forging is ^ inch which may be 
regarded as plus ^ inch minus o or plus or minus ix inch, or plus 
o minus ^ inch. Lengths of forgings may vary as mucl\as plus or 
minus 0.003 inch per inch of length. Maximum permissible 
tolerances should be indicated wherever possible. Surfaces of 
parts to be machined or ground should show or specify allowances' 
for finish, usually ^ to inch on a surface, but as little as ^ inch 
on very small pieces and as much as i inch on very large forgings. 
If the surface also carries draft, the draft is considered additional 

1 J. H. Williams Company. 
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Y Draff equtVcf/en/ 

n /A hp^ Table 3.—Die-Draft 

dfaff^^Angle of c/raff Equivalents 

_ ,1 * T 1 

1 Angle of Draft 


5 Degrees 

7 Degrees 

10 Degrees 

A 

0.0027 

0.0038 

0.0055 

A 

0.0055 

0.0077 

O.OIIO 

A 

0.0082 

O.OI15 

0.0165 

\ 

0.0109 

0.0153 

0.0220 

A 

0.0137 

0.0192 

0.0276 

A 

0.0164 

0.0230 

0.0331 

A 

0.0192 

0.0269 

0.0386 

\ 

0.0219 

0.0307 

0.0441 

A 

0.0246 

0.0345 

0.0496 

A 

0 

0 

0.0384 

0-0551 

H 

0.0301 

0.0422 

0.0606 

3 

I 

0.0328 

0.0460 

0.0661 

if 

0035s 

0.0499 

0.0716 

A 

0.0383 

0.0537 

0 

b 


0.0410 

1 

0.0576 

0.0827 

\ 

0.0438 

0.0614 

0.0882 

A 

0.0492 

0.0691 

0.0992 

i 

0.0547 

0.0767 

0.1102 

« 

0.0601 

0.0844 

0.1212 

i 

0.0656 

0.0921 

0.1322 

. H 

0.07II 

0.0998 

0.1433 

J 

0.0766 

0.1074 

O.IS 43 

I 

0.087s 

0.1228 

0.1763 
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thereto. Phantom lines are shown at the points marked A on the 
accompanying lever to indicate the machined surfaces. 

The standard draft angle is 7 degrees around all exterior surfaces. 
Interior draft, such as holes in the forgings, which form frustums 
of cones in dies, as at By should have 10 degrees draft. Lesser 
exterior draft, such as 3 and 5 degrees is frequently permissible, but 
always at some increased cost of forgings through more rapid 
failure of dies. See Table 3, Die-Draft Equivalents. 

Ends of round sections are generally milled in the dies to create 
a spherical end crown known as “radial draft.” Such 7-degree 
draft is depicted on drawings by swinging a radius equaling twice 
the barrel diameter, that is, a | inch radius for 3^-inch diameter 
barrel; but it is never dimensioned, however, as at C. The same 
applies to half-rounds. 

Fillets on forging drawing should be as large as possible, as at D, 
to assist the flow of hot metal and promote economical manu¬ 
facture. Similarly projecting corners or edges should be nicely 
rounded since very sharp corners tend to propagate die checks or 
cracks and premature die failure. The usual broken corner on 
forgings is ^ to inch radius. Draft angles are subject to increase 
as the dies wear. For this reason it is best to make new dies with 
as little draft as good practice permits. 

Very narrow and deep depressions in the forging itself are weak 
male protrusions in the dies, which do not stand up under heat and 
pressure of hot metal during forging. They must be moderated in 
depth and carry 10 degrees draft as a minimum and good fillets. 
The depth of a depression or forged hole in either half-die should not 
exceed two-thirds of the least width of the depression. 

Very thin ribs or webs on forgings should be avoided whenever 
possible, particularly on alloy-steel forgings. Thicknesses of ^ to 
i inch or greater are preferable for best production and lowest cost. 

Accurately placed drill spots of 105 to 120 degrees included angle 
can be provided in the forging, as at //, on any surfaces approxi¬ 
mately parallel to the forging plane to aid in drilling. 

The forging operation produces a flash or surplus of thin waste all 
around the outline at the parting line, which is sheared or trimmed 
off close to the body by a hot or cold operation. A trimming 
flat, as at K, is left from to i inch in width, depending on the size 
of the piece and the newness of the die. Unavoidable variations 
in trimming may cause a very slight bulge of flash to remain. 
Whenever portions of the trimmed outline must be held very close, 
the drawing should so specify. 

Tolerances for Forgings 

Standard tolerances for drop and upset forgings were adopted 
by the Drop Forging Association on Feb. ii, 1937. They are in 
two classes: regular and special. Regular tolerances are of two 
classes: commercial standard and close standard, the latter being 
used only where specified. 

Regular tolerances apply to thickness; width, which includes 
shrinkage and die wear, mismatching, and trimmed size; draft 
angle; quantity; fillets, and corners. Thickness tolerance applies 
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Table 4.—Thickness Tolerances 


Net Weights 
Up to—in 
Pounds 

Commercial 

1 Close 

- 

+ 


+ 

0.2 

0.008 

0.024 

0.004 

0.012 

0.4 

0.009 

0.027 

0.005 

0.015 

0.6 

O.OIO 

0.030 

0.005 

0.015 

0.8 

O.OII 

0.033 

0.006 

0.018 

1.0 

0.012 

0.036 

0.006 

0.018 

2.0 

o.ois 

0.045 

0.008 

0.024 

30 

0.017 

0.051 

0.009 

0.027 

4.0 

0.018 

0.054 

0.009 

0.027 

5-0 

0.019 

0.057 

O.OIO 

0.030 

10.0 

0.022 

0.066 

O.OII 

0.033 

20.0 

0.026 

0.078 

0.013 

0.039 

30 0 

0.030 

0.090 

0.015 

0.045 

40.0 

0.034 

0. 102 

1 0.017 

0.051 

50.0 

0.038 

0. II4 

0.019 

0.057 

60.0 

0.042 

0.126 

0.021 

0.063 

70.0 

0.046 

0.138 

0.023 

0.069 

80.0 

0.050 

0.150 

0.025 

0.075 

90.0 

0.054 

0.162 

0.027 

o.o 8 i 

100.0 

0.058 

0.174 

0.029 

0.087 


Table 5,—Shrinkage and Die Wear 


Lengths or 
Widths Up 
to 

Shrinkage, Inches 

Net Weight 
Up to 

Die Wear 

in Pounds 

Commer¬ 

cial 

-f- or - 

Close 
+ or - 

Commer¬ 

cial 

4- or - 

Close 
+ or - 

I 

0.003 

0.002 

l 

0.032 

0.016 

2 

0.006 

0.003 

3 

0.035 

0.018 

3 

0.009 

0.005 

5 

0.038 

0.019 

4 

0.012 

0.006 

7 

0.041 

0.021 

5 

0.015 

0.008 

9 

0.044 

0.022 

6 

0.018 

0.009 

II 

0.047 

0.024 




Each ad¬ 



Each ad¬ 



ditional 



ditional 



2 pounds 



inch add 

0.003 

0.0015 

add. 

0.003 

0.0015 

For example: 


! For example: 


12 

0.036 

0.018 

21 

0.062 

0.031 

18 

6.054 

0.027 

31 

0.077 

0.039 

24 

0.072 

0.036 

41 

0.092 

0.046 

36 

0. 108 

0.054 

51 

0.107 

0.054 

48 

0.144 

0.072 

71 

0-137 

0.069 

60 

0. 180 

0.090 

91 

0.167 

0.084 
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to over-all thickness, and in the case of drop forgings this is counted 
perpendicular to the parting plane of the die. On upset forgings 
they apply to the direction of ram travel, but only to such dimen¬ 
sions enclosed and formed by the die. Table 4 shows tolerances 
for thickness. 


Table 6.—Mismatching Tolerance 
(In Inches) 


Net Weight in Pounds 
up to 

Commercial 

Close 

I 

0.015 

O.OIO 

7 

0.018 

0.012 

13 

0.021 

0.014 

19 

0.024 

0.016 

Each addition al 



6 pounds add. 

For example: 

0.003 

0.002 

37 

0.033 

0.022 

55 

0.042 

0.028 

79 

0.054 

0.036 

97 

0.063 

0.042 


Width and length tolerance are alike, their application being the 
same as for thickness, in both drop and upset forgings. Tables 5 
and 6 show the tolerances for shrinkage and die wear and for mis¬ 
matching. Shrinkage and die wear apply only to the part formed 
by a single die block. They are the sum of shrinkage and die- 
wear tolerances and are not used separately. 


Table 7.—Draft-Angle Tolerances for Drop-Hammer 
Forgings 
(In Degrees) 


' 

Nominal 

Angle 

Commer¬ 

cial 

Limits 

. . 

Close 

Limits 

Outside. 

7 

0 to 10 

0 to 8 

Inside holes and depressions. 

10 

0 to 13 



7 

0 to 8 


Mismatching applies to the errors due to misalignment of the 
dies. It does not include displacement caused by variations in the 
thickness of the forging. Mismatching tolerances are independent 
of, and in addition to, any other tolerance. 
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Trimmed-size tolerance must not be greater or less than the 
limiting sizes at the parting plane, imposed by the sum of the draft- 
angle tolerances and the shrinkage, and the die-wear tolerance. 

Draft-angle tolerances are the permissible variations from the 
standard angle of draft. These are shown in Tables 7 and 8. 


Table 8,—Draft-Angle Tolerances for Upset Forgings 
(In Degrees) 



Nominal 

Angle 

Commer¬ 

cial 

Limits 

Close 

Limits 

Outside. 

3 

0 to 5 

0 to 8 

0 to 4 

Inside holes and depressions. 

K 

0 to 7 




Quantity tolerances are the permissible over- or underrun for 
each release or part shipment. Any shipment within these limits 
completes the order. This applies to both commercial and close 
tolerances. These tolerances are shown in Table 9. 


Table 9.—Quantity Tolerances 


Number of Pieces 
on Order 

Overrun 

Underrun 

I to 

2 

Pieces 

I 

Pieces 

0 

3 to 

5 

2 

I 

6 to 

19 

3 

I 

20 to 

29 

4 

2 

30 to 

39 

5 

2 

40 to 

49 

6 

3 

so to 

59 

7 

3 

60 to 

69 

8 

4 

70 to 

79 

9 

4 

80 to 

99 

10 

5 

100 to 

199 

Per cent 

10 

Per cent 

50 

200 to 

299 

9 

4-5 

300 to 

599 

8 

4.0 

600 to 

1,249 

7 

3-5 

1,250 to 

2,999 

6 

30 

3,000 to 

9,999 

5 

2.5 

10,000 to 

39,999 

4 

2.0 

40,000 to 299,999 j 

3 

i-S 

300,000 up 


2 

1 

1.0 
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Fillet and corner tolerances apply to all meeting surfaces, even 
though drawings indicate sharp corners. If the drawings or models 
show larger fillets or corner dimensions than those shown in the 
table, these dimensions shall be followed and considered as special 
tolerances. 

Fillet tolerances apply to inside corners and edges in which sur¬ 
faces meet at an angle less than 180 degrees. Corner tolerances 
apply to outside corners and edges where the surfaces meet at an 
angle greater than 180 degrees. Where a corner tolerance applies 
on the meeting of two drafted surfaces, the tolerances apply to the 
narrow end of this meeting and the radius will increase toward the 
wide end. The total increase in the radius will equal the length of 
the drafted surface in inches, multiplied by the tangent of the 
nominal draft angle. 

The radii of fillets and corners may be any value not greater than 
those given in Table 10. 


Table 10.—Fillet and Corner Tolerances 
(Radii in Inches) 


Net Weight in Pounds 
up to 

Commercial 

Close 

0.3 

A 

A 

I .0 

i 

A 

30 

-h 

A 

10.0 

A 

A 

30.0 

A 

A 

100.0 

1 

4 

i 


Drop-Forging Insert Dies^ 

To decrease costs, Westinghouse uses insert dies for such sym¬ 
metrical forgings as lend themselves to this treatment, such as the 



Fig. 6.—Forging Made with “Insert’^ Dies 

pieces shown in Fig. 6. Inserts, as in Fig. 7, are used instead of 
making solid forging dies. Several sizes are made at once and kept 
in stock. The inserts are of chrome-vanadium steel with 4S“SS 
point carbon. They are hardened to 42-47 Scleroscope before 
machining with carbide tools. Special tapered keys hold the 

» J. H. Skerka. , 
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inserts by the V groove around the insert. Two counterbored 
screw holes permit the use of eye bolts in removing the inserts 



Fig. 7.—How Die Inserts Are Made. 


from the master blocks. Some of the sizes are shown in Fig. 7. 
Savings up to 60 per cent have been made by using inserts. 


Forging Heats 

W. E. Jominy of the General Motors Research Laboratories 
recommends the following as the maximum heats to be used in 
forging S.A.E. steels: 


Degrees 

S.A.E. Fahrenheit 

1015. 2400 

1030. 2350 

1050. 2300 

1090. 2150 


Forging Machine Dies* 

Rule I.—The limiting length of unsupported stock that can be 
gathered or upset in one blow without injurious buckling is three 
diameters. 


a . ^ 

H 

d_ L_ 



II ^ 


n 

? T 

Gripping D/e 



Fig. 8. 


Note A: A safer maximum length is 2\d\ little attention need be 
paid to squareness of end Ml ^ 2d. lil > 3d, buckling will occur 
* Courtesy National Machinery Co. 
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near the middle of the unsupported length. These principles hold 
irrespective of whether the stock overhangs the face of the gripping 
dies, or whether any portion is gathered in either gripping dies, 
heading tool or both. 

Rtile II.—^Lengths of stock more than can be gathered or upset 
in one blow provided the upset is contained in either the gripping 
die or a straight or slightly tapered hole in the heading tool, and 
the diameter of the upset made in that blow is not more than i^d. 

Note A: Multiple buckling will be checked by contact with sides 
of the die, and friction therewith will cause a fin to form around end 
of upset. Such long upsets cannot be made half in one die and 
half in the other, for central buckle will receive no side support. 

Note B: A safer maximum is i.^dj and if Rule I is also applied, 
the upset will be free from end fins. 



Fig. 9. 

Note C: For very long upsets, it is helpful to have the end of the 
bar at a lower temperature, and to have a‘minimum diameter upset 
for the outer half of the die, the inner half tapering 4 degrees to 
wider diameter at the base. 

Note D: In upsetting tubing, wall thickness cannot be increased 
externally more than 25 per cent at one blow; internal upsets are 
almost unlimited because arch effect prevents internal buckling. 



Fig. 10. 


Ride m. —For upsets requiring more than in length of stock, 
and in which the upset is the amount of unsupported stock 
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beyond the face of the die must not exceed id (operation i, at 
right). 

Note A: Unsupported stock can amount to i\d if diameter of 
upset is reduced to i\d. 

Rule IV. —Large amounts of stock can be gathered by multiple 
application of Rule II and III, and by using square or tapered 
impressions. 

Note A: In making the wide flange in sketch at left, below, the 
first and second impressions are within the i\d limit, but the third, 
being a short upset under Rule I, is unlimited in diameter. 

Note B: The side of the square may be i\d of the original bar, 
and the diameter of the next round may be ij times the diagonal of 
the square. 

Note C: Tapered holes are proportioned as to their diameters at 
midlength of unsupported stock. 

Rule V. —Sliding dies, for upsetting stock at some distance from 
the end of a bar, are governed by all the above rules. 



Fig. II. 


Note A; Friction along the sides of the sliding die will favor 
upsetting near its front end, so multiple impressions should be 
alternately in front and rear half, or alternately in sliding die and 
gripping die, as shown in lower part of sketch. 
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KNOTS AND SLINGS 

KNOTS AND SLINGS FOR HANDLING WORK 

The knots described have been useful in work in out-of-the-way 
places; No. i indicates the meaning of the terms employed. 

No. 2. Simple or Overhand Knot.—The simplest of all knots to 
tie, and may be used as a stop on a rope. A free end is necessary to 
make it. If strained, it injures the fiber of the rope more than a 
figure-8 knot, and it is difficult to unmake and liable to jam. 

No. 3. Double Overhand Knot.—Used for the end of a rope when 
it is required to prevent its going through an eye, as in a pulley block 
or for the end of a halter rope. Also useful for shortening a rope and 
may be made with any number of turns: A in the illustration shows 
the first position; B, the knot finished with two turns; and C, one 
with four full turns of rope. 

No. 4. Figure-8 Knot (Flemish).—May be employed as a stop on 
a rope; is less injurious to the fiber of the rope, and more easily 
undone than either the single or double overhand knot. If made 
with the rope doubled and the bight left long, it becomes a figure-8 
hoop knot. 

No. 5. Stevedore Knot.—End of the rope is wrapped twice 
around the standing and then passed through the eye. Useful as a 
stop on a rope to prevent the end going through an eye, as in a 
pulley block (see double overhand knot). Also employed instead 
of sewing the rope end with twine. 

No. 6. Boat ^ot (Marlinespike Hitch).—Suitable for quickly 
making a rope ladder, or getting a temporary pull on a rope with a 
marlinespike. No free ends required to form this knot. Point 
marked A must always be at the back of the spike or rung of the 
ladder, away from the direction of the weight or pull. 

No. 7. Slip Knot (Simple Running Knot).—The simplest kind of 
slip knot. It may be used similarly to the packer’s knot, but is not 
so good, as it is liable to pull through and does not bind on the rope. 

No. 8. Tomfool Knot (Double Running Knot).—When the loops 
are drawn taut and the ends tied, this makes a pair of handcuffs 
which it is almost impossible for the person so secured to undo. It 
may be used as a barrel sling, half hitches being put on the ends, and 
the hook put under the knot itself. The bight marked 3 is passed 
through the overhand loop as shown by the dotted line. 

No. 9. Flemish Loop.—This knot makes a simple loop for light 
work and may be used in the same way as a bowline, but is not so 
quickly made; neither is it so secure nor so easily undone. The 
security depends almost entirely upon the check knot. 
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No. 10. Bowline.—A generally useful knot when a loop of any 
sort that will not slip is required, as in a sling for lowering a man, or 
fastening a bucket to a rope. 

No. II. Bowline II. —A method of attaching the end of one rope 
to the standing of another. A half-turn is put in the standing and 
the end of the other rope taken through as if tying an ordinary 
bowline. This knot is practically a sheet bend. 

No. 12. Running Bowline. — As shown in the first position, a half 
turn is made at A (shown dotted), and the end is passed through and 
to the back of the part marked B. This is a good slip knot and does 
not tighten on the standing, always remaining open. 

No. 13. Bowline on a Bight.—The part A is passed behind B 
and then in the direction of the arrow to C. The bight B is then 
pulled taut. The two loops of this knot may be used as a man sling, 
a barrel sling, or as a double man harness, one loop under each 
shoulder. When tightened it will not slip. 

In case of an injured man, one of the loops can be kept shorter 
than the other and adjusted under the armpits, the man being 
seated in the larger loop. 

No. 14. Open-Hand Loop Knot and Figure-8 Loop Knot.—The 

upper loop knot is the one in common use and is adapted principally 
for small ropes. The lower, or figure-8 knot, is a better form and 
may be used on a larger rope as it injures the fiber less than the 
common form. These knots require a greater length of rope than 
the bowlines, but may be used in similar ways. 

No. 15. Man-Harness Knot. —This knot can be tied in a rope 
with neither end free. The bight A is pulled through under B and 
over C, and the knot pulled taut. It is useful as allowing a number 
of men to get a good purchase on a rope for hauling; also to put loops 
in the rope to receive hooks at points other than the ends. 

No. 16. PackerKnot. —A modification of a simple slip knot, but 
has the advantage, when pulled tight, of biting on the standing at 
A and not easily slipping back. It is particularly useful for cording 
up rolls of camp bedding, etc. It can be made permanent by an 
added half hitch on the standing. 

No. 17. Blackwall Hitch,— A convenient method for returning an 
empty rope on a hook. With a greasy rope, method B holds better. 

No. 18. Modified Fisherman’s Bends. —These are given as alter¬ 
natives for securing ropes to poles or bars, and are adapted to 
heavy strains. 

No. 19. Fisherman’s Bend. —A better method than the gooseneck 
or lark’s head (Fig. 20) for securing a rope to a chain or link. It is 
also used to fasten the rope to a bar or the bail of a bucket. Lash¬ 
ing at A is necessary to prevent pulling through. As shown in first 
position, two turns are taken over the fink and the end brought back 
in front and passed through the turns as shown dotted. 

No. 20. Lark’s Head. —Useful for fastening a rope to the link of a 
chain or to a ring in a wall or box. It is not a secure knot unless 
lashed at A. B shows a toggle inserted to prevent slipping. C is a 
modified gooseneck on a bar, suitable for securing the end of a rope 
in scafiolding. The end must be placed at the back and the whole 
pulled taut. 
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No. 21. Half Hitch.—A quick and simple way of securing a rope 
to a timber when no great pull is expected. The rope end is placed 
under the pole, then back over to the right as shown. The end 
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must always be placed right at the back away from the pull, as 
shown at A . The right-hand sketch shows the hitch with a slip to 
facilitate undoing. 
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No. 22. Timber Hitch.—This is the best and simplest of all timber 
hitches and may be used for towing or otherwise handling timber, 
rods, pipes, etc.; also for starting lashings on scaffolding or any 
kind of pole work. For raising or lowering timber, the half hitch 
should be placed high above the center of gravity to avoid slanting. 

No. 23. Clove Hitch.—This is one of the most useful of all hitches, 
as it will take a strain in either direction without slackening. It is 
used for mooring ships, heads of derricks for guy lines, and all kinds 
of rigging work. It may be easily undone, or a bight may be put in 
instead of one end to use as a slip. When commencing to tie the 
hitch on a horizontal bar, the rule is over and back below, or the 
reverse of the procedure in tying a half hitch. 

No. 24. Rolling Hitch.—This lashing is used for getting a grip on 
a large rope with a smaller one. Made in a chain, it can be applied 
to wire ropes and will not slip when the load has been taken up. 
It is also suitable for hauling on electric cables, or withdrawing 
diamond drill or other rods. For securing the end A may be 
brought down and be lashed to the large rope. In making, the end 
is passed over the spar twice, then returned back as shown at (3), 
then over behind as at (4), and up and under as at (5). 

No. 25.—A square or reef knot, used only for joining two ropes 
together. 

No. 26.—Sheet bend in an eye, generally used for an adjustable 
sling. 

In supporting a swinging scaffold, it is often advantageous to use 
light material, while, at the same time, strength is required. A 
plank on edge is a great deal stiffer than the same plank laid flat, and 
No. 27 shows how to sling a plank edgewise by a rope so that it will 
stay. The knot used is a very simple one. A clove hitch is made 
around the end of the plank; then one of the parts is twisted around 
the plank until the ends lead as shown in the sketch. 

Very often it is desirable to shorten a piece of rope without cutting 
it. No. 28 shows a sheep^s shank which is used for this purpose. 
The rope is brought back on itself, making two or more bights, and 
a half hitch is taken around each bight. This knot will not slip 
and will nearly fall apart of its own accord if the strain is released, 
so that when this is liable to happen, it is well to pass a piece of wood 
through the loop A at each end and pull the rope tight on them. 

One of the handiest knots to know is a bowline. The bowline will 
not slip, and is easy to untie. It can also be tied in the bight of a 
rope, and is then called a “ bowline in a bight.The steps required 
to tie it are shown at No. 29. It is particularly handy when it is 
necessary to hitch an auxiliary tackle on a fall to get additional pur¬ 
chase for a heavy lift. This knot has all the good points of the 
simple bowline. 

No. 30.—Clove or double half hitch. 

No. 31.—Timber hitch. 

No, 32.—Clove or double half hitch as used for hauling. 

No. 33.—Studding sail hitch as used in hoisting timber. 

No, 34,—Timber and half hitch. Useful in hoisting shafting or 
timber in a vertical position. 

In using a block and fall for pulling things, there is a right way 
aikl a wrong way of doing it. No. 35 shows the right way, W being 
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the weight to be moved. If A were the weight and W the post, the 
blocks being left as shown, then it would be wrong. The advantage 
of the right way of doing it is that the leverage due to one additional 
part of rope in the tackle is gained. Thus a three-part fall, rigged in 
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the right way, is as good as a four-part fall rigged in the wrong way, 
and has the additional advantage that there is one less sheave with 
its friction. In lifting a heavy weight, it is sometimes desirable to 
put a tackle on the fall to gain additional leverage; the common 
practice in a case of this kind is to hitch the auxiliary tackle to a 
‘Mead man.” The right way is to hitch this tackle to the piece to 
be lifted alongside the main tackle, which adds considerably to the 
leverage, being equivalent to one more part to the main fall besides 
the gain by the use of the auxiliary fall. 

SAFE LOADS FOR EYE-BOLTS AND FOR ROPES 
AND CHAINS 

Table i.—Sate Loads for Eye-Bolts 



Threaded 

Inside 
Diam. 
of Eye 

Diam. 

Metal 

Safe 


Diaxn. 

Around 

Eye 

Load, Lb. 



i 

I J 

A 

X,IOO 



A 

lA 


1.500 



t 

iH 

f 

1,800 



1 

III 

1 

2,800 

Drop-forged steel. 


1 

111 

2A 

11 

11 

3,000 

5,100 



I i 

2 A 

lA 

8,400 



1 1 

3A 

i| 

12,200 

16,500 



1 j 

3 A 

1 } 



2 

3 A 

If 

21,800 


' 

1 } 

3 

li 

10,000 

D.B.G. iron E.L., 28,000 lb. per. 


11 

4 

1 } 

11,000 

sq. in., welded. 

1 

2 j 

5 

1 } 

14,000 


2l 

6 

2 

16,000 


Table 2 .—Safe Loads on Ropes and Chains 
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Safe Loads in Pounds for Double-Chain Slings 

When lifting with a double sling the load varies with the angle 
as shown in the table which gives the safe load of chain at the 
various angles shown. At an angle of 120 degrees the load is 
doubled. Never tie knots in chains, take up slack with adjusters 
or wedges. 



Size of 
Chain 

A 

Maximum 

A 

60® 


0 

120' 

I21S333 

WEESM 

MkR'l 

MEEEM 

IPgfSM 

BSSS 




MSESM 

B9Di 



BEEI 








8000 

6860 

5000 

4000 

mm 
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Proof and Break Test Loads 

Proof Test Loads in Pounds, for Wrought-Iron Crane Chain, 
Recommended by the Association of American Railroads 


Nominal Size of 
Chain Bar,in Inches 



2 


Proof Test Loads, in 
Pounds, Crane Chain 
Wrought Iron 

L345 

2,100 

3,020 

S»375 

6,800 

8,395 

12,080 

16,430 

21,490 

25,380 

31,350 

37,920 

45,100 

53,000 

61,400 

70,500 

80,200 
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Common Weights and Measures 

Linear or Measure of Length 
12 inches = i foot. 3 feet = i yard. 
55 yards i rod. 40 rods = furlong. 
8 furlongs = i mile. 


Equivalent Measures 


Inches 

Feet 

Yards 

Rods 

Furlongs Mile 

36 = 
198 = 

. 3 = 

16.5 = 

I 

5-5 = 

I 


7,920 = 660 = 

220 = 

40 

= I 

63,360 = 5,280 = 

1,760 = 

320 

= 8=1 


Square Measure 
144 square inches = i square foot 
9 square feet = i square yard 
30 J square yards = i square rod 
160 square rods = i acre 
640 acres = i square mile 

I acre = 43,560 square feet = 208.7 on side 
10 acres = a square 660 feet on each side. 

- Equivalent Measure 

Sq. Mi. A. Sq. Rd. Sq. Yd. Sq. Ft. Sq. In. 

I =640= 102,400 = 3,097,600 = 27,878,400 = 4,014,489,600 
1= 160= 4840 = 43,560= 6,272,640 

Cubic Measure 

1728.cubic inches = i cubic foot. 128 cubic feet = i cord, 

27 cubic feet = i cubic yard. 24^ cubic feet = i perch. 

I cu. yd. = 27 cu. ft. = 46,656 cu. in. 

Weight—Avoirdupois 

437.5 grains = i ounce. 100 pounds = i hundredweight. 

16 ounces = i pound. 2000 pounds = i ton. 

2240 pounds = i long ton. 

I ton *= 20 cwt. = 2000 lbs. = 32,000 oz. = 14,000,000 gr 
Weight = Troy 

24 grains = i pennyweight. 20 dwt. *= 1 ounce. 

12 ounces = i pound. 

I ib. « 12 oz. = 240 dfwt. » 5760 gr. 
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nos 

Dry Measure 

a pints == I quart. 8 quarts = i peck. 

4 pecks = I bushel 
I bu. = 4 pk. = 32 qt. = 64 pt. 

U. S. bushel = 2150.42 cu. in. British =» 2218.19 cu. in. 

Liquid Measure 

4 gills = I pint. 4 quarts = i gallon. 

2 pints = I quart. 31J gallons = i barrel. 

2 barrels or 63 gals. = i hogshead. 

I hhd. = 2 bbl. = 63 gals. = 252 qt. = 504 pt. = 2016 gi. 

The U. S. gallon contains 231 cu. in. = .134 cu. ft. 

One cubic foot = 7.481 gallons. 

One cubic foot weighs 62.425 lbs. at 39.2 deg. Fahr. 

One gallon weighs 8.345 lbs. British Imperial gallon weighs 10 lb. 

For rough calculations i cu. ft. is called yj gallons and i gallon 
as 8i lbs. 

Angles or Arcs 

60 seconds = i minute. 90 degrees = i rt. angle or quadrant. 

60 minutes = i degree. 3^ degrees = i circle. 

I circle = 360° = 21,600' — 1,296,000". 

I minute of arc on the earth’s surface is i nautical mile =1.15 
times a land mile or 6080 feet. 

Weight of a Cubic Foot of Substances 

Average 

Names of Substances Weight, 

Lbs. 

Anthracite, broken, loose. 54 

Ash, American white, dry. 38 

Brick, best pressed... 150 

“ common hard. 125 

Brickwork, pressed brick. 140 

“ ordinary. 112 

Cement, hydraulic, ground, loose, American, Rosendale... 94 

English, Portland. 90 

Cherry, dry. 42 

Chestnut, dry. 41 

Coal, bituminous broken, loose. 49 

Coke, loose, of good coal. 27 

Ebony, dry. 76 

Elm, diy . 35 
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Weight of a Cubic Foot of Substances— Continued 


Names of Substances 

Glass, common window. 

Granite. 

Gravel, about the same as sand 

Hemlock, dry. 

Hickory, dry. 

Ice. 

Lignum Vitae, dry. 

Lime, quick, ground, loose, or in small lumps. . 

Limestones and Marbles. 

Mahogany, Spanish, dry. 

Maple, dry. 

Marbles, see Limestones. 

Masonry, of granite or limestone, well dressed... 

Mercury, at 32° Fahrenheit. 

Mica. 

Oak, white, dry. 

other kinds. 

Petroleum. 

Pine, white, dry. 

yellow. Northern. 

“ Southern. 

Rosin... 

Salt, coarse, Syracuse, N. Y. 

Sand, of pure quartz, dry, loose. 

Sandstones, fit for building. 

Slate. 

Spruce, dry. 

Sulphur. 

Sycamore, dry. 

Walnut, black, dry. 

Water, pure rain or distilled, at 60® Fahrenheit 


Wax, bees 


Average 

Weight, 

Lbs. 

157 

170 

25 

S3 

58.7 

83 


. 168 

. 53 

. 49 

. 165 

. 849 

. 183 

. 52 

32 to 45 

. 55 

. 25 

. 34 

. 45 

. 69 

. 45 

90 to 106 

. 151 

. 175 

. 25 

. 125 

. 37 

. 38 

. 62.48 

. 64 

. 60.5 


Green timbers usually weigh from one-fifth to one-half more than 
dry. 

For weight of metals see page 1073. 
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THE METRIC SYSTEM 

The metric system is based on the meter which was designed to be one 
ten-millionth (1/10,000,000) part of the earth’s meridian quadrant, through 
Dunkirk and Pormentera. Later investigations, however, have shown tlmt 
the Meter exceeds one ten-millionth part by almost one part in 6,400. The 
value of the meter, as authorized by the United States Government, is 39.37 
inches. The metric system was legalized by the United States (Government 
in 1866. 

The three principal units are the meter, the unit of length, the liter, the 
unit of capacity, and the gram, the unit of weight. Multiples of these are 
obtained by prefixing the Greek words: deka (10), hekto (100), and kilo 
(1,000). Divisions are obtained by prefixing the Latin words: deci (A), 
centi (iJo). and milli (1/1,000). Abbreviations of the multiples begin with a 
capital letter, and of the divisions with a small letter, as in the following 
tables: 


Measures of Length 

TO millimeters (ram).— i centimeter .cm. 

10 centimeters .= i decimeter .dm. 

10 decimeters.“• 1 meter.m. 

10 meters .“ i dekameter.Dm. 

10 dekameters .=“ 1 hektometer .Hm. 

10 hektometers.i kilometer .Km. 


Measures of Surface (not Land) 

100 square millimeters (mm*).“ 1 square centimeter .cnA 

100 square centimeters.=• i square decimeter .dm*. 

100 square decimeters .i square meter.n^. 


Measures of Volume 

1000 cubic millimeters (mm*).— i cubic centimeter .cm*. 

1000 cubic centimeters.=- i cubic decimeter .dm*. 

1000 cubic dedmcters.“ i cubic meter .m*> 

Measures of Capacity 

10 milliliters (ml) .=■ i centiliter .cl. 

10 centiliters.=» i deciliter .dh 

10 deciliters .=» i liter .1. 

10 liters.=- I dekaliter .DI. 

10 dekaliters.— i hektoliter .HI. 

10 hektoliters.— i kiloliter .Kl. 

Note. — iThe liter b equal to the volume occupied by i cubic decimeter. 


10 milligrams (mg) 

10 centigrams. 

10 decigrams . 

10 grams.. 

10 dekagrams. 

10 hektograms..... 
1000 kilograms .... 


Measures of Weight 

.— I centigram 

.“> I decigram 

.— I CTam .... 

.“I dekagram . 

.— I hektograra 

.— I kilogram .. 

.— I ton . 


.’S’ 

Hg 


Note.—T he gram is the wei^t of i cubic centimeter of pure distilled 
water at a temperature of 39.2®F., the kilogram is the weight of x liter of 
water; the ton is the weight of i cubic meter of water. 
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Metric and English Conversion Table 


Measures of Length 


f 39.37 inches. 

I meter <{ 3.28083 feet. 

11 0936 yds. 

I centimeter — -3937 inch. 

1 .03937 inch, or 

1 . 

25 inch nearly. 
I kilometer *= 0.62137 mile. 


1 foot ■*» .3048 meter. 

I inch — (2.54 centimeters. 

125.4 millimeters. 


Measures of Surface 


I square meter — | 
I square centimeter 
X square millimeter 


10.764 square feet. 

1.196 square yds. 
= .155 sq.dm 
— .00155 sq. in. 


1 square yard 
I square foot “ 

I square in. — | 


.836 square meter. 

.0929 square meter. 

6.452 sq. centimeters: 
645.2 sq. millimeters. 


Measures of Volume and Capacity 


1 cubic 


I cubic 
I cubic 


I liter 


{ 35.314 cubic feet. 
1.308 cubic yards. 
264.2 gallons (231 
cubic inch). 

. (61.023 cubic in. 

decimeter =» | ,0353 cubic ft. 

centimeter =» .061 cubic inch. 

■ I cubic decimeter. 

61.023 cubic inches. 

•0353 cuHc foot. 

1.0567 quarts (U. S.) 

.2642 gallons (U. S.) 

2.202 lbs. of water at 62® F. 


I cubic yard =» .7645 cubic meter. 

r .02832 cubic meter. 

I cubic ft. “ ^ 28.317 cubic decimeters. 

I. 28.317 liters. 

I cubic inch =» 16.387 cubic centimeters. 
I gallon (British) «“ 4*543 liters. 

I gallon (U. S.) =• 3.785 liters. 


Measures 

I gram = 15*432 grains. 

X ulogram 2.2046 pounds. 

( .9842 ton of 2240 lbs. 
19.68 cwts. 

2204.6 lbs. 


OF Weight 

X grain =» .0648 grams. 

I ounce avoirdupois « 28.35 grams. 
I pound “• .4536 kilograms. 


Miscellaneous Conversion Factors 

I kilogram per meter = .6720 pound per foot. 

I gram per square millimeter » 1.422 pounds per square inch. 

I kilogram per square meter «*» 0.2048 pound per square foot. 

I kilogram per cubic meter *■ .0624 pound per cubic foot. 

I pound per foot =» 1.488 kilograms per meter. 

I pound per square foot •* 4.882 kilograms per square meter. 

I pound per cubic foot ■* 16.02 kilograms per cubic meter. 

X Calorie (French Thermal Unit) =» 3.968 B. T. U. (British Thermal Unit). 
I Horse-power - ramnte. 

I Watt (Unit of Electrical Power) - Horse-power. 

, „ 144*24 foot-pounds per minute 

[ 1000 Watts. 

z Kilowatt ■■ < 1.34 Horse-power. 

[ 44240 foot-pounds per minute. 



CONVERSION TABLE 


1109 


Inches and Millimeters 

The following tables are calculated on the newly adopted relation 
of 25.4 millimeters to the American inch. This replaces the old 
ratio of 25.40005:1, a difference of two parts in a million. This 
ratio was approved at a meeting of American Standards Association 
on October 21, 1932. 

The adoption of the new ratio simplifies calculations and elimi¬ 
nates errors caused by various interpretations of the decimal to be 
used. The following tables are from the Bureau of Standards. 


Inches to Millimeters 

Basis: i Inch = 25.4 Millimeters 


Inches 

Milli¬ 

meters 

Inches 

Milli¬ 

meters 

Inches 

Milli¬ 

meters 

Inches 

Milli¬ 

meters 

I 

25.4 

26 

660.4 

SI 

129s.4 

76 

1930.4 

2 j 

50.8 

27 

685.8 

52 

1320.8 

77 

1955.8 

3 1 

76.2 

28 

711.2 

S 3 

1346.2 

78 

1981.2 

4 

101.6 

29 

736.6 

54 

1371.6 

79 

2006.6 

S 

127.0 

30 

762.0 

55 

1397.0 

80 

2032.0 

6 

152.4 

31 

787.4 

56 

1422.4 

81 

2057.4 

7 

177.8 

32 

812.8 

57 

1447.8 

82 

2082.8 

8 

203.2 

33 

838.2 

58 

1473.2 

83 

2108.2 

9 

228.6 

34 

863.6 

59 

1498.6 

84 

2133.6 

10 

254.0 

35 

889.0 

60 

1524.0 

85 

21590 

11 

279.4 

36 

914.4 

61 

1549.4 

86 

2184.4 

12 

304.8 

37 

939 8 

62 

1574 8 

87 

2209.8 

13 

330.2 

38 

965.2 

63 

1600.2 

88 

2235.2 

14 

355.6 

39 

990.6 

64 

1625.6 

89 

2260.6 

IS 

381.0 

40 

1016.0 

65 

1651.0 

90 

2286.0 

16 

406.4 

41 

1041.4 

66 

1676.4 

91 

2311.4 

17 

431.8 

42 

1066.8 

67 

1701.8 

92 

2336.8 

18 

457.2 

43 

1092.2 

68 

1727.2 

93 

2362.2 

19 

482.6 

44 

1117.6 

69 

1752.6 

94 

2387.6 

20 

S08.0 

45 

> 11430 

70 

1778.0 

95 

2413.0 

21 

533-4 

46 

1168.4 

71 

1803.4 

96 

2438.4 

22 

558.8 

47 

1193.8 

72 

1828.8 

97 

2463.8 

23 

584.2 

48 

1219.2 

73 

1854-2 

98 

2489.2 

24 

609.6 

49 

1244.6 

74 

1879.6 

99 

2514.6 

25 

635.0 

50 

1270.0 

I 

75 

1905.0 

100 

2540.0 


Note.—T he above table is exact. 
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Millimeters to Inches 

Basis: i Inch = 25.4 Millimeters 


Milli¬ 

meters 

Inches 

Milli¬ 

meters 

Inches 

Milli¬ 

meters 

Inches 

Milli¬ 

meters 

Inches 

1 

0.039370 

26 

1.023622 

51 

2.007874 

76 

2.992126 

2 

0.078740 

27 

I .062992 

52 

2.047244 

77 

3.031496 

3 

0.118110 

28 

I. 102362 

53 

2.086614 

78 

3.070866 

4 

0.157480 

29 

I.141732 

54 

2.125984 

79 

3.110236 

5 

0.196850 

30 

I .181102 

55 

2.165354 

80 

3.149606 

6 

0.236220 

31 

1.220472 

56 

2.204724 

81 

3.188976 

7 

0 . 27 SS 9 I 

32 

I.259843 

57 

2.244094 

82 

3.228346 

8 

0.314961 

33 

1.299213 

S8 

12.28346s 

83 

3.267717 

9 

0 . 3 S 433 I 

34 

1.338583 

59 

2.32283s 

84 

3 307087 

10 

0.393701 

35 

1.377953 

60 

2.36220s 

85 

3.346457 

II 

0.433071 

36 

1.417323 

61 

2.401575 

86 

3.385827 

12 

0.472441 

37 

I.456693 

62 

2.44094s 

87 

3.425197 

13 

0 .SI1811 

38 

I ,496063 

63 

2.48031s 

88 

3.464567 

14 

0.551181 

39 

I .535433 

64 

2.519685 

89 

3.503937 

15 

0.590551 

40 

I.574803 

65 

2.559055 

90 

3.543307 

16 

0.629921 

41 

1.614173 

66 

2.598425 

91 

3.582677 

17 

0.669291 

42 

1.653543 

67 

2.637795 

92 

3.622047 

18 

0.708661 

43 

1.692913 

68 

2.67716s 

93 

3.661417 

19 

10.748031 

44 

1.732283 

69 

2.716535 

94 

3.700787 

20 

0.787402 

45 

1.771654 

70 

2.755906 

95 

3.740157 

21 

0.826772 

46 

I .811024 

71 

2.795276 

96 

3.779528 

22 

0.866142 

47 

I.850394 

72 

2.834646 

97 

3.818898 

23 

0.905512 

48 

I .889764 

73 

2.874016 

98 

3.858268 

24 

0.944882 

49 

I.929134 

74 

2.913386 

99 

3.897638 

25 

0.984252 

SO 

1.968504 

75 

2.952756 

100 

3.937008 


Note.—T he above table is approximate; 1/25.4 ■* 0.039370078740 + . 
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Common Fractions of an Inch to Millimeters 

Basis: i Inch = 25.4 Millimeters 


Seconds 

Fourths 

Eighths 

Six¬ 

teenths 

Thirty- 

seconds 

Sixty- 

fourths 

Decimal 

Inch 

Milli¬ 

meters 






I 

0.015625 

0.396875 





I 


0.031250 

0.793750 






3 

0.046875 

I .19062s 




I 



0.062500 

1.587500 






S 

0.078125 

I . 984375 





3 


0.093750 

2.381250 






7 

0.109375 

2.77812s 



I 




0.125000 

3.175000 






9 

0.140625 

3.571875 





S 


0.156250 

3.968750 






II 

0.171875 

4.365625 




3 



0.187500 

4.762500 






13 

0.203125 

5 .IS 9375 





7 


0.218750 

5.556250 






15 

0.234375 

5.953x25 


I 





0.250000 

6.350000 






17 

0.265625 

6.74687s 





9 


0.281250 

7.X 43750 






19 

0.296875 

7.540625 




S 



0.312500 

7 .937500 






21 

0.32812s 

8.334375 





II 


0.343750 

8.731250 






23 

0 359375 

9.128125 



3 




0.375000 

9.525000 






25 

0.390625 

9.921875 





13 


0.406250 

10.3x8750 






27 

0.421875 

10.7x5625 




7 



0.437500 

II. 112500 






29 

0.45312s 

11.509375 





15 


0.468750 

11.906250 






31 

0.484375 

12.30312s 

I 






0.500000 

12.700000 






33 

0.51562s 

13.096875 





17 


0.531250 

13.493750 






35 

0.546875 

13.89062s 




9 



0.562500 

14.287500 






37 

0.578125 

14.684375 





19 


0.593750 

15.081250 






39 

0.609375 

15.478125 



5 




0.625000 

15.875000 






41 

0.64062s 

16.271875 





21 


0.656250 

16.668750 






43 

0.671875 

17.065625 




II 


45 

0.687500 
0.70312s 

17.462500 
X 7.859375 





33 


0.718750 

x8.256250 






47 

0.734375 

18.653x25 


3 





0.750000 

19.050000 





35 

49 

0.765625 

0.78x250 

19.44687s 

X 9 .843750 
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Common Fractions of an Inch to Millimeters.— Continued 


Seconds 

Fourths 

Eighths 

Six¬ 

teenths 

Thirty- 

seconds 

Sixty- 

fourths 

Decimal 

Inch 

Milli¬ 

meters 




! 


SI 

0.79687s 

20.240625 




13 



0.812500 

20.637500 






S 3 

0.828125 

21.034375 





27 


0.843750 

21.431250 






SS 

0.859375 

21.828125 



7 




0.875000 

22.225000 






57 

0.89062s 

22.62187s 





29 


0.906250 

23.018750 






59 

0.92187s 

23.41562s 




IS 



0.937500 

23.812500 






6i 

0.953125 

24 209376 





31 


0.968750 

24.606250 






63 

0.98437s 

25 003125 

2 

4 

8 

i6 

32 

64 

I.000000 

25.400000 


Note. —The above table is exact; all figures beyond the six places given 
are zeros. 

Equivalents of Compound Units 


Symbols 

Metric Units 

American Equivalents 

gr./cm. 

kg./m. ! 

kg./km. i 

Gram per centimeter 
Kilogram per meter 
Kilogram per kilometer 

0.0055 pound per inch 
0.055 pound per inch 
3.54 pounds per mile 

kg./qcm. 

kg./ha. 

t./m,* j 

Kilogram per square 
centimeter 

Kilogram per hectar 
Metric ton per square 
meter 

14.22 pounds per square 
inch 

0.89 pound per acre 
0.102 short ton per 
square foot 

kg./m.* 

kg./hl. 

' ./m.* 

Kilogram per cubic 
meter 

Kilogram per hectoliter 
Metric ton per cubic 
meter 

0.062 pound per cubic 
foot 

0.083 pounds per gallon 
62.4 pounds per cubic 
foot 

kg./h.-p. 

kg./t. 

Kilogram per Continen¬ 
tal horsepower 
Kilogram per metric ton 

2.23 pounds per Amer¬ 
ican h.-p. 

2 pounds per short ton 

kgm./kg. ; 

kgm./qcm. 

Kilogram-meter per 
kilogram 

Kilogram-meter per 
square centimeter 

3.28 foot-pounds per 
pound 

46.58 foot-pounds per 
square inch 

t./km. 

t--km. 

Metric ton per kilometer 
Metric ton-kilometer 

1.77 short tons per mile 
0.6849 short ton-mile 
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Decimal Equivalents of Fractions of Millimeters. 
(Advancing by jJo mm.) 


mm. 


Inches 

mm. 


Inches 

mm. 


Inches 

mm. 

Inches 



.00039 



.01024 

AV 

« 

.02008 


.02992 

rh 

SI 

.00079 


= 

.01063 


== 

.02047 


.03032 

rh 


.00118 


=» 

.01102 


es 

.02087 

A = 

•03071 



.00157 



.01142 


=a 

.02126 


.03110 



.00197 

AV 

S. 

.01181 


C=3 

.02165 


•03150 


=» 

.00236 

iVy 

ca 

.01220 



.02205 

Av- 

.03189 


= 

.00276 

M 

=3 

.01260 

iVff 


.02244 

AV =' 

.03228 

Tfn 


•00315 

AV 


.01299 


=» 

.02283 

Aff 

.03268 

TM 

= 

•00354 

AV 

s= 

•01339 

1 


.02323 


•03307 

iW 

=• 

•00394 


= 

.01378 



.02362 


•03346 


=« 

•00433 

AV 

= 

.01417 



.02402 

AV ” 

.03386 



.00472 


= 

.01457 

iW 

=» 

.02441 

/A “* 

•03425 

# 


.00512 


= 

.01496 

ToV 

=* 

.02480 


•03465 


=** 

.00551 


*= 

.01535 


= 

.02520 

Att “ 

•03504 



.00591 


= 

•0157s 


= 

•02559 

Aff “ 

•03543 



.00630 


=» 

.01614 

AV 


.02598 

I'A- 

•03583 

tVV 


.00669 


=« 

.01654 

tVh 


.02638 


.03622 

iVo 

= 

.00709 


S3 

.01693 



.02677 

/A 

.03661 



.00748 

iS'V 

=• 

.01732 


== 

.02717 

A “ 

•03701 


r=* 

.00787 


=* 

.01772 

AV 


.02756 

AV ” 

.03740 


= 

.00827 

AV 


.01811 



.02795 

AV“ 

.03780 



.00866 


= 

.01850 



-02835 

Adt “ 

.03819 



.00906 


== 

.01890 

tVj 

— 

.02874 


•03858 


=* 

•00945 


= 

.01929 

AV 

= 

.02913 


.03898 



.00984 

1% 

J =3 

.01969 

A'^^r 


•02953 

I = 

•03937 


Metric Eqtiivalents 

1. To find the metric equivalent of any number of thousandths 
of an inch: 

Multiply 0.0254 by the number of thousandths. 

2. To find the metric equivalent of any number of ten thou¬ 
sandths of an inch: 

Multiply 0.00254 by the number of thousandths. 

The answer is in millimeters. * 

The metric equivalent of 0.045 inch would be 0.0254 X 0.045 or 
0.0011430 millimeters. 
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Decimal Equivalents of Millimeters and Fractions op Milli¬ 
meters. (Advancing by ^ mm. and i mm.) 

mm. Inches | mm. Inches mm. Inches mm. Inches 


= .03150 31 

= .03228 32 

= -03307 33 

= -03386 34 

“ -03465 35 

= -03543 36 

= .03622 37 

= .03701 38 

= .03780 39 

= -03858 40 

= -03937 41 

= .07874 42 

= .11811 43 

» .15748 44 

* .19685 45 

= .23622 46 

= -27559 47 

» .31496 48 

' -35433 49 

• -39370 50 

' -43307 51 

: .47244 52 

= -51181 53 

= .55118 54 

‘ .59055 55 

.62992 56 

> .66929 57 

' .70866 58 

‘ .74803 59 

^ .78740 60 = 

■ .82677 61 «= 

.86614 62 a 

•90S51 63 - 

.94488 64 = 

.98425 65 = 

1.02362 66 - 

1.06299 67 - 

1.10236 68 » 

1.14173 69 ** 

i.iSiio 70 - 


= 1.22047 
= 1.25984 
= 1.29921 

• 1-33858 

" 1-37795 
- I-41732 
. 145669 

■ 1.49606 

“ 1-53543 
= 1.57480 

* 1.61417 

= 1-65354 

= 1.69291 
= 1.73228 
= 1.77165 

1.81102 

1.85039 

1.88976 

1.92913 

1.96850 

2.00787 

2.04724 

2.08661 

2.12598 

2-16535 

2.20472 

2.24409 

2.28346 

2.32283 

2.36220 

2.40157 

2.44094 

2.48031 

2.51968 

2.55905 

2.59842 

2.63779 

2.67716 

2.71653 

2.75590 


71 « 2.79527 

72 « 2.83464 

73 « 2.87401 

74 - 2.91338 

75 “ 2.95275 

76 = 2.99212 

77 ” 3-03149 

78 « 3.07086 

79 *= 3-11023 

80 = 3.14960 

81 « 3.18897 

82 - 3.22834 

83 = 3-26771 

84 *= 3-30708 
^5 “ 3-34645 

86 =- 3.38582 

87 “ 3-42519 

88 -= 3.46456 

89 “ 3-50393 

90 *=* 3-54330 

91 - 3-58267 

92 «« 3.62204 

93 = 3.66141 

94 - 3-70078 

9 5 - 3-74015 

96 - 3.7795a 

97 - 3.81889 

98 “ 3-85826 

99 “ 3-89763 

100 =■ 3^3700 


for- ^ 
fo r— 

O fO rO 

d d ro ^ 

II B B a 

i il d 
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Fractions, Decimals and Millimeters 

This will be found useful in comparing the millimeter with 
both the decimal and common fractions of an inch. 


Fractions and Decimals of Inch with Millimeter 
Equivalent 


Fraction 
of Inch 

Decimal 
of Inch 

Milli¬ 

meters 

Fraction 
of Inch 

Decimal 
of Inch 

Milli¬ 

meters 

H 4 

0.015625 

0.3968 

*%4 

0.515625 

13.0966 

H2 

0.03125 

0.7937 


0.53125 

13-4934 

H 4 

0.046875 

1.1906 


0.546875 

13 • 8903 

Hfi 

0.0625 

1-5875 

He 

0.5625 

14.2872 

Hi. 

0.078125 

1.9843 

oHi 

0.578125 

14.6841 

H2 

0.0937s 

2.3812 

m2 

0-59375 

15.0809 

Hi. 

0.109375 

2.7780 


0.60937s 

15-4778 

H 

0.125 

3.1749 


0.625 

15-8747 

Hi. 

0.140625 

3-5718 

^H4 

0.640625 

16.2715 

H2 

0.15625 

3.9686 


0.65625 

16.6684 


0.171875 

4-3655 

^4 

0.671875 

17-06S3 


0.1875 

4-7624 

me 

0.6875 

17.4621 


0.203125 

5-1592 

^4 

0.703125 

17.8590 

%2 

0.2187s 

5-5561 

m2 

0.71875 

I8.2S59 

^Hi, 

0.234375 

5-9530 


0.734375 

18.6527 

H 

0.25 

6.3498 

H 

0.7s 

19.0496 


0.265625 

6.7467 

me4 

0.765625 

19.4465 

H2 

0.28125 

7.1436 

m2 

0.78125 

19 8433 

*%4 

0,296875 

7.5404 

®K 4 

0.796875 

20.2402 

He 

0,3125 1 

7.9373 

me 

0.8125 

20.6371 

mi 

0.328125 

8.3342 

®^4 

0.828125 

21.0339 

^H 2 

0.34375 

8.7310 

m2 

0.843750 

21.4308 

^4 

0.359375 

9,1279 

®%4 

0.859375 

21.8277 

H 

0.375 

9.5248 

14 

0.875 

22.2245 

*%4 

0.390625 

9.9216 

*744 

0.890625 

22.6214 


0.40625 

10.3185 

^%2 

0.90625 

23.0183 

mi 

0.421875 

10.7154 

^Hi 

0.921875 

23-4151 

Vie 

0.4375 

II.1122 

1^6 

0.9375 

23.8120 

^4 

0.453125 

II.5091 

«H 4 

0.953125 

24.2089 


0.4687s 

11.9060 

*H2 

0.9687s 

24.6057 

*M 4 

0.484375 

12.3029 

«K 4 

0.984375 

25.0026 

H 

0.5 ^ 

12.6997 

I 

I.O 

25-3995 
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508^ 509.6 5II.2 512.8 514.3 515.9 517.5 519.I 520.7 522.3 523.9 525.5 527.0 528.6 530.2 531.8 20 

533-4 535-0 536.6 538.2 539.7 541.3 542.9 544.5 546.1 547.7 549.3 550.9 5524 554.0 555.6 557.2 21 

558.8 560.4 562.0 563.6 565.1 566.7 568.3 569.9 571.5 573.1 574.7 576.3 577.8 5794 581,0 582.6 22 

584.2 585.8 5874 589.0 590.5 592.1 593.7 595.3 596.9 598.5 600.1 601.7 603.2 604.8 6064 608.0 23 













Comparison of Standard Linear Units —Approximate Values 


LINEAR UNITS 


< 

MiUi. 

Centi. 

Inches 

Decim- 

Feet 

Yards 

Meters 

Rods 

Chains 

Hectom. 

Furlongs 

Kilo. 

Miles 

Knots 
(U. S.) 

One 

Knot 

A Nb*N»A 1 _i-_L 

1SaSS|-8KS^!;!?RR„ 

C ■s 1 8 ^2 ^ a =0 a * 

W M M ‘ M W M 

One 

Mile 

CiJmm'Om m<i6 

One 

Kilo. 

Equals 

1,000,000 

100,000 

39.370 

10,000 

3280.8 

1093.6 

1000 

198.83 

49.708 

10 

4.9708 

I 

H 

0.62137 

0.5396+ 

One 

Fur¬ 

long 

Equals 

201,168 

20116.8 

7920 

2011.7 

660 

220 

201.17 

40 

10 

2.0117 

0.20117 

H 

0 .I 2 S 

0.10844 

One 

Hek- 

tom. 

Equals 

100,000 

10,000 

3937. 

1000 

328.08 

100.36 

100 

19.883 

4.9708 

I 

0.49078 

Ho 

0.06213 

0.05396 

One 

Chain 

Woo S <5 vO M W to cJ 

’d.. M M mOMONO 

S'© ..ONm O'^pvtCMM 

3 mm OmnO m . ..TM 

cr0 0 0 • 0 . . 

(^0 a N -1 0 ^00 

One 

Rod 

Equals 

5029.2 

502.9 

198 

50.29 

16 .5 

5.5 

5.0292 

H 

0.25 

0.05029 

Ho 

0.025 

0.00503 

H20 

0.00312 

0.00271 

One 

Meter 

Equals 

1000 

100 

39.37 

10 

3.2808 

3 '- 3 H"- 

1.0936 

I 

0.19883 

0.04970 

Hoo 

0.00497 

Hooo 

0.00062 

0.00054 

One 

Yard 

rt 0'TMMc^mO\<N2'2*2x 

rj* fO . ON Cvc^ MMxO O-J^O On-O 0 

mOs Ov ^1^ • • 

CUd 00000000 

One 

Foot 

w vMOOtOWIMO <0 

--O«0 00 .XoOvBMOoi/^rooM 

WOO"^ 'wroo-twowiof^OMO 09 Q 

g.4 0 2 ®. ^ 8 :S8 8 ;g 8 

W® ^ o'ooodo’d d 

One 

Decim. 

rtoo fo ''oC'«»o>C'Md 'T 0 0 6 

do M d M . M d 0 0 0 

q.M . Ms po mmso 0 * 13^ 3:^ 

W d d d d 

One 

Inch 

vfo' 0 UIO -^iOlO 

w rr pjsoo 0 nr'IOOT^tsPJO M 

•d 10 r.7®t^Oi0 99 iP)P«MrjpjM«N««0 <0 « 

2 rf 10 M sT* <NOOO'QO»pO>MO >0 » o 

^ i/i d 6 8^ 8^ 0 'S 

One 

Centi. 

cfl gpo ogovooo 

-d ocdoMdO'i'ooo 

ra OfOOMOfNOoOMOOo 0 0 

do Mvd-'M.sMr.^Ms^. 0 05 0 0 0 

Q< M ^fOMsOMsO 0 Ms 0 0 ^0 3 ^ ^ ® 

W d d d d '^d 

One 

Mini. 
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Decimai, Equivalents of Fractions below 


Decimal 

Equivalents 

Fractional Parts of an Inch 

Dedma! 

Equivalents 

6 

7 

8 

12 

14 

16 

24 

28 

32 

64 

.015625 










1 

.015625 

.03125 









1 

2 

^3125 

.035714 








1 



.035714 

.041667 







I 




.041667 

.046875 










3 

•046875 

.0625 






1 



2 

4 

.0625 

/371429 





I 



2 



.071429 

.078125 










5 

.078125 

•083333 




I 



2 




.083333 

.09375 









! 3 

6 

.09375 

.107143 








3 



.107143 

.109375 










7 

.109375 

.125 



1 



2 

3 


4 

8 

.125 

.140625 










9 

.140625 

.142857 


1 



2 



4 



.142857 

.15625 









5 

10 

.15625 

.166666 

1 



2 



4 




.166666 

.171875 










ir 

.171875 

.178571 

.1875 






3 


S 

6 

12 

.178571 

.1875 

.203125 










13 

.203125 

.208333 

.214286 





3 


5 

6 



.2083^3 

.214286 

,21875 









7 

14 

.21875 

.234375 










15 

.234375 

.25 



2 

3 


4 

6 

7 

8 

16 

•25 

.265625 







i 



17 

.265625 

.28125 









9 

18 

.28125 

.285714 


2 



4 



8 



.285714 

.291666 







7 




.291666 

.296875 










19 

.296875 

.3125 






5 



10 

20 

.3125 

.321429 








0 



.321429 

.328125 







1 



21 

.328125 

.333333 

2 



4 



8 




.333333 

•34375 









ir 

22 

•34375 

•357143 





5 



10 



.357143 

.359375 










23 

•359375 

•375 



3 



6 

9 


12 

24 

•375 

.390625 










35 

.39^25 

•392857 








11 



.392857 

.40625 









13 

26 

.40625 

.41666 




5 



10 




.41666 

.421875 










27 

.421875 

.428571 


3 



6 



12 



.428571 

•4375 






7 



14 

28 

.4375 

•453125 










29 

.453125 

•458333 







11 




.458333 

.464286 








13 



.464286 

.46875 









IS 

30 

.46875 

•48437s 










31 

.484375 

•5 

3 


4 

6 

7 

8 

12 

14 

16 

32 

•5 





DEQMALS AND FRACTIONS IIIQ 


Deciual Eqoivai.ents op Fractions between and i ” 


Decimal 

Equivalents 

Fractional Parts of an Inch 

Dedmal ' 
Equivalents 

6 

7 

8 

Z2 

14 

16 

24 

28 

32 

64 

•515625 










33 

.515625 

•53125 









17 

34 

•53125 

•535714 








15 



.535714 

.541666 







13 




.541666 

.546875 










35 

.546875 

•5625 






9 



18 

36 

•5625 

•571429 


4 



8 



16 



.571429 

.578125 










37 

.578125 

•583333 




■7 



14 




.583333 

•59375 









19 

38 

.59375 

.607143 








17 



.607143 

•60937s 










39 

.609375 

.6a 5 



5 



10 

IS 


20 

40 

.625 

.640635 










41 

.640625 

.643867 





9 



18 



.642867 

.65625 









21 

42 

.65625 

.666666 

4 



8 



i6 




.666666 

.671875 










43 

.671875 

.678571 








19 



.678571 

.6875 






II 



22 

44 

.6875 

.703125 










45 

.703125 

.708333 







17 




.708333 

.714286 


5 



10 



20 



.714286 

.71875 









23 

46 

.71875 

•734375 










47 

•734375 

•75 



6 

9 


12 

18 

21 

24 

48 

•75 

.765625 










49 

.765625 

.78125 









25 

50 

.78125 

•785714 





11 



22 



.785714 

.791666 







19 




.791666 

.796875 










51 

.796875 

.8125 






13 



26 

52 

.8125 

.831439 








23 



.821429 

.828135 










53 

.828125 

•833333 

, 5 



10 



20 




.833333 

•8437 s 




1 





27 

54 

•84375 

•857143 


‘ 6 



X2 



24 



.857143 

•859375 










55 

.859375 

•875 



7 



14 

21 


28 

56 

.875 

.890625 










57 

.890625 

.892857 








25 



.892857 

.90625 









29 

58 

.90625 

.916666 




II 



23 




.916666 

.921875 










59 

.921875 

.928571 





13 



26 



.928571 

•9375 






*5 



30 

60 

.9375 

•953125 

1 









61 

.953125 

958333 







23 




.958333 

.964386 








27 



.964286 

.96875 









31 

62 

.96875 

•98437s 










63 

.984375 
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WATER CONVERSION FACTORS 

U. S. gallons X 8.33 *» pounds. 

U. S. gallons X 0.13368 « cubic feet. 

U. S. gallons X 231 = cubic inches. 

U. S. gallons X 0.83 « English gallons 

U. S. gallons X 3-78 liters. 

English gallons (Imperial) X 10 = pounds. 

English gallons (Imperial) X 0.16 = cubic feet. 

English gaUons ^Imperial) X 277*274 = cubic inches. 

English gallons (Imperial) X 1.2 •= U. S. gallons. 

English gallons (Imperial) X 4*537 “= liters. 

Cubic inches of water (39.1®) X 0.036125 «= pounds. 

Cubic inches of water (39*1") X 0*004329 = U. S. gallons. 
Cubic inches of water (39* i“) X 0.003607 = Engli^ gallons. 

Cubic inches of water (39*1*) X 0.576384 = ounces. 

Cubic feet (of water) (39.1®) X 62.425 *= pounds. 

Cubic feet (of water) (39.1®) X 7.48 • = U. S. gallons. 

Cubic feet (of water) (39*1®) X 6.232 = Engli^ gallons. 

Cubic feet (of water) (39.1®) X 0.028 «= tons. 

Pounds of water X 27.72 =* cubic inches. 

Pounds of water X 0.01602 =» cubic feet. 

Pounds of water X 0.12 = U. S. gaUons. 

Pounds of water X o.io >» English gallons. 


CONVENIENT MULTIPLIERS 


Inches 

X 0.08333 


feet. 

Sq. inches 

X 0.00695 

— Sq. feet. 

Inches 

X 0.02778 


yards 

Sq.inches 

X 0.0007716 

“ Sq. yards 

Inches 

X 0.00001578 

a. 

miles. 

Cu. inches 

X 0.00058 

— ( 3 u. feet. 





Cu. inches 

X 0.0000214 

“■ Cu. yards 

Feet 

X 0*3334 


yards. 

Sq. feet 

X 144 

“ Sq. inches. 

Feet 

X o.oooig 

EOI 

miles. 

feet 

X 0.1112 

“ Sq. yards. 

Vards 

X 36 


inches. 

Cu. feet 

X 1728 

■=» Cu. inches 

i'ards 

X 3 


feet. 

Cu. feet 

X 0.03704 

Cu. yards. 

Vfards 

X 0.0005681 


miles. 

Sq. yards 

X 1296 

— Sq. inches. 

Miles 

X 63360 


inches. 

Sq. yards 

X 9 

« Sq. feet. 

Miles 

X 5280 

— 

feet. 

Cu. yards 

X 46656 

*= Cu. inches. 

Miles 

X 1760 


yards. 

Cu. yards 

X 27 

« Cu. feet. 

Avoir, oz. 

X 0.0625 


pounds. 

Avoir, lbs. 

X 0.0005^ 

*» tons. 

Avoir, oz. 

X 0.00003125 

— 

tons. 

Avoir, tons 

X 32000 

«»■ ounces. 

Avoir, lbs. X x6 

— 

ounces. 

Avoir, tons 

X 2000 

■■ pounds. 



PRIME NUMBERS 
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TABLE OF PRIME-NUMBER FRACTIONS 


The table shows decimal equivalents of common fractions having 
prime numbers for both numerator and denominator. As an 
example, suppose it is required to find the thread angle of a worm. 


^ , ,, , , Number threads 

1 angent thread angle = w.-;— 

Diametral ; 


I pitch X pitch diameter 
Find the angle of a worm 7 diametral pitch, 5 threads, 2-inch 
P. diameter: 

Tangent angle ~ \ X \ 

Then from table 


_ , 0.7143 

^ = 0.7143 and - - 0.35715 


which is the tangent for 19 degrees 39 minutes, nearly. 

Prime Number Fractions and "I'heir Decimal Equivalents 


Denominators (Prime Numbers Only) 




97 

89 

83 

79 

73 

71 

67 

61 

59 

S3 

47 

43 


I 

.0103 .0112 

.0120 

.0126 

.0137 

.0141 

.0149 

.0164 

.0169 

.0189 

.0213 

.0233 


3 

.03og 

.0337 

.0361 

.0380 

.0411 

.0423 

.0448 

.0492 

.0508 

.0566 

.0638 

.0698 


5 

•0515 ‘0562 

.0602 

.0633 

.0685 

.0701 

.0746 

.0820 

.0847 

.0943 

.1064 

.1163 


7 

.O722’.0787 

.0843 

.088O 

.0959 

.0986 

.1045 

.1148 

.1186 

.1321 

.1489 

,1628 


II 

.11341.1236 

.1325 

.1392 

.1507 

.1549 

.1642 

.1803 

.1864 

.2075 

.2340 

■2558 


13 

.1340'.1461 

.1566 

.1646 

.1781 

.1831 

.1940 

.2131 

.2203 

■2453 

.2766 

■3023 


17 

•1753 

.1910 

.2048 

.2152 

.2329 

.2394 

.2537 

.2787 

.2881 

.32M 

.3617 

■3953 


19 

.1950 

.2135 

.2289 

.2405 

.2603 

.2676 

.2836 

.3115 

.3220 

.3585 

.4043 

.4419 


33 

.2371 

.2384 

.2771 

.2911 

.3151 

•3299 

.3433 

.3770 

.3808 

•4340 

.4894 

•5349 

I 

2Q 

.2Qgo 

.3258 

.3494 

.3671 

.3973 

.4085 

.4328 

•4754 

■4915 

■5472 

.6170 

.6744 

JZi 

31 

.3196 

.3483 

■3735 

■3924 

.4247 

.4366 

.4627 

.5082 

■5254 

•5849 

.6596 

.7209 


37 

.3814 

.4157 

.4458 

.4684 

.5068 

.5211 

.5522 

.6066 

.6271 

.6981 

.7872 

.8605 

1 

41 

.4227 

.4607 

.4940 

.5190 

.5616 

.5775 

,6119 

.6721 

.6049 

■7736 

.8723 

■0S3S 


43 

.4433 

.4831 

.5181 

■5443 

.5890 

.6056 

.6418 

.7049 

.7288 

.8113 

■9149 



47 

.4845 

.5281 

.5663 

■ 5949 

.6438 

.6620 

.7015 

.7705 

.7966 

.8868 



i 

S3 

•5464 

• 5955 

.6386 

.6709 

.7260 

.7465 

.7910 

.8689 

.8983 





59 

.6082 

.6629 

.7108 

.7468 

.8082 

.8310 

.8806 

.9672 





K 

61 

.6289 .6854 

7349 

.7722 

.8356 

.8592 

.9104 







67 

.69071.7528 

.8072 

.8481 

.9178 

.9437 








71 

.7320! 7978 

•8554 

.8987 

.9726 









73 

.7526 .8202 

.8795 

.9241 










79 

.8144 

.8876 

.9518 











83 

.8557 

.9326 





1 







89 

.9175 













Denominators (Prime Numbers Only) 




41 

37 

31 

29 

23 

19 

17 

13 

IX 

7 

5 

3 


I 

.0244 

.0370 

■0323 

• 0345 

•0435 

.0526 

.0588 

.0769 

.0909 

.1429 

.2000 

3333 


3 

.0732 

'.0811 

.0968 

■1034 

.1304 

■1579 

.1765 

.2308 

.2727 

.4286 

.6000 


.1^ 

5 

.1220 

■1351 

■ 1613 

.1724 

.2174 

.^632 

.2941 

.3846 

•4545 

■7x43 




7 

.1707 

.1892 

.2258 

.2414 

•3043 

.3684 

.4118 

.5385 

.6364 




'-'1 

II 

.2683 

.2973 

.3548 

■3793 

•4783 

.5789 

.6471 

.8462 





12 12 

13 

■3171 

■3514 

.4194 

.4483 

•565-2 

.6842 

.7647 







17 

.4146 

•4595 

.5484 

.5862 

.7391 

.8947 








19 

23 

•4634 

.5610 

.5135 

.6212 

■7838 

■8378 

.6x29 

.7419 

■ 9 JSS 

.6552 

•7931 

.8261 

Only those common fractions having prime 
numbers for both the numerator and denom* 


29 

■7073 

.7561 

.90*4 



inator are given in table. 

Others can be found 


3 ^ 

37 




by simple multiplication or division. 
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Decimal Equivalents of Fractions and Nearest Equivalent 
64THS 


Near- 

Fr. Decimal est Fr. 

64th 


Near- Near- 

Decimal est Ft. Decimal est 
64th 64th 


* t 

- * 

A 


- 

A S 


si A 


A t 


I* its 


a A 


-f 



DECIMALS AND FRACTIONS 


Decimal Equivalents op Fractions and Nearest Equivalent 
64THS 


Near- 

Fr. Decimal est Fr. Decimal 
64th 


Ncar- 

Fr. Decimal est 
64th 


n H 


— ft 
H i 


a i,r 

u 

— 1? 

a 

H Ji- 
f 


H ft 


T 


I 
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Decimal Equivalents of Fractions and Nearest Equivalent 
64TUS 




INCHES AND FEET 1125 


Equivalents of Inches and Fractions of Inches in Decimals 
OF A Foot 


In. 

0 In. 

I In. 

2 In. 

3 In. 

4 In. 

5 In. 



•0833 

.1667 

.2500 

•3333 

4167 

A 

.0026 

.0859 

,1693 

.2526 

•3359 

•4193 

A 

.0052 

.0885 

.1719 

•2552 

•338s 

4219 

A 

.0078 

.0911 

•1745 

•2578 

•3411 

•4245 

iS 

.0104 

.0938 

.1771 

.2604 

•3438 

4271 

^2 

.0130 

.0964 

.1797 

.2630 

•3464 

•4297 

A 

.0156 

.0990 

.1823 

.2656 

•3490 

•4323 


.0182 

.1016 

.1849 

.2682 

•3516 

4349 

i 

.0208 

.1042 

•187s 

.2708 

•3542 

• 437 S 


.0234 

.1068 

.1901 

•2734 

•3368 

4401 


.0260 

.1094 

1 .1927 

.2760 

•3594 

4427 


.0286 

.1120 

•1953 

.2786 

.3620 

4453 

1 

•0313 

.1146 

.1979 

.2813 

.3646 

•4479 


•0339 

.1172 

.2005 

•2839 

.3672 

•4505 


•036s 

.1198 

.2031 

.2865 

.3698 

4531 


.0391 

.1224 

.2057 

.2891 

•3724 

4 S 57 

} 

.0417 

•1253 

.2083 

.2917 

•3750 

4583 

U 

.0443 

.1276 

.2091 

•2943 

•3776 

4609 

A 

.0469 

1 -1302 

•2135 

.2969 

.3802 

463s 


•0495 

.1328 

.2161 

•2995 

.3828 

4661 

1 

.0521 

•1354 

.2188 

.3021 

•3^54 

4688 

2 > 1 

S 2 

•0547 

.1380 

.2214 

•3047 

.3880 

4714 

J 1 

1 b 

•0573 

.1406 

.2240 

•3073 

.3906 

.4740 

2,} 

82 

•0599 

.1432 

.2266 

•3099 

•3932 

.4766 

} 

.0625 

.1458 

.2292 

•3125 

•3958 

4792 


.0651 

.1484 

.2318 


•3984 

.4818 

li 

.0677 

.1510 

•2344 

•3177 

4010 

4844 

ii 

.0703 

•1536 

.2370 

.3203 

4036 

4870 

i 

.0729 

•1563 

.2396 

.3229 

.4063 

.4896 

P 

•0755 

.1589 

.2422 

•3255 

4089 

4922 

P 

.0781 

.1615 

.2448 

.3281 

•4115 

4948 

U 

.0807 

.1641 

.2474 

•3307 

4141 

4974 
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Equivalents of Inches and Fractions of Inches in Decimals 
OF a Foot 






















DECIMALS AND FRACTIONS 1127 


Decimal Equivalents of Fractions of an Inch. (Advancing 
BY 8tHS, i6tHS, 32NDS.AND 64THS.) 


8ths, and 
i6ths 

aands 

64ths 

64ths 

i = -125 

A = .03125 

A = .015625 

it = -515625 

i = -250 

A = -09375 

A = .046875 

It = .546875 

1 ■= -375 

A = .15625 

A = -078125 

if = -578125 

i = -500 

A “ -21875 

A = -109375 

If = .609375 

1 = -625 

A = -28125 

A = .140625 

M = .64062 

1 = -750 

y = -34375 

it = .171875 

if = .671875 

i = -875 

y - .40625 

it = .203125 

It = .703125 


It = 46875 

ii = -234375 

li = -734375 

i6ths. 




A = -0625 

15 = -53125 

if = -265625 

If “ -765625 

A •= -1875 

= -59375 

it = -296875 

It =■ -796875 

A ■= -3125 

B = .65625 

It = -328125 

It = .828125 

A “ 4375 

It = -71875 

It = -359375 

It = .859375 

A = -5625 

II = .78125 

It = -390625 

If ■= .890625 

ii = -6875 

ii = -84375 

If = .421875 

If = .921875 

H = .8125 

f| = .90625 

It = 453123 

li = -933125 

ii = -9375 

li = .96875 

li = .484375 

It = -984375 


Decimal Equivalents op Fractions of an Inch. (Advancing 

BY 64THS.) 


^ = .015625 a 

■h = -03125 A 

A = -046875 A 

A =■ .0625 A 

A ■= -078125 A 

A “ -09375 U 

A = -109375 II 

i = -125 i 

A = .140625 f| 

A “ .15625 II 

tt = -171875 ||' 

A •“ -1875 A ' 

H - .203125 M . 

A ” .21875 M ' 

tl “ .234375 11 ' 

i - -*5 i ' 


.328125 

•34375 

359375 

375 


453125 

.46875 

•48437s 

• 5 ° 


II “ .765625 

II = .78125 
fi = -796875 
II = .8125 

If = .828125 

li = -84375 
II “ -859375 
i “ -875 

If — .890625 
|| = .90625 
if “ -921875 
tl = -9375 

fi ” -953125 
ft - -96875 

It - .98437s 
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SQUARING LARGE NUMBERS NOT IN THE TABLES 

Numbers which are ipoo greater than those in the tables, that is, 
numbers from i,ooi to 2,000, are quickly squared by means of a 
method which consists of two steps as follows: 

1. To the number to be squared add a number which is smaller by 
1,000. To this total add three ciphers to the right of the last figure. 

2. From the tables take the figures representing the square of the 
smaller number and add them to the figures obtained in the first 
step. The sum is equal to the square of the larger number. For 
example, what is the square of 1,687? Using the method stated, we 
have: 

1. 1,687 
_687 

2,374 Adding three ciphers, we get 2,374,000 

2. Pages 1133 to 1142 show the square of 687 equals 471,969. 
Adding this to 2,374,000 we have 2,845,969, which is the square of 
1,687. 

What is the square of 1,009 figured by this method? 

1. 1,009 

9 

1,018,000 

2. The square of 9 is 81 
1,018,000 

_ ^ 

1,018,081 

1,009 squared equals 1,018,081. 

All numbers are to be treated as whole numbers in obtaining 
squares. The placing of decimals, whenever necessary, is left 
until the final result is obtained. The usual rule for placing the 
decimal is then applied. For example, if the square of 1.687 
been desired, the result would have been 2.845,969. 
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Decimal Equivalents, Squares, Square Roots, Cubes, and 
Cube Roots of Fractions; Circumferences and Areas of 
Circles from ^ to i inch 
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Decimal Equivalents, Squares, Square Roots, Cubes, Cube 
Roots of Fractions; Circumferences and Areas of Cir¬ 
cles from ^ to I inch 
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Squares, Cubes, Square and Cube Roots of Numbers from 

I TO 1000 


No. 
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Cube 

Root 
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Root 

Cube 

Root 
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2.2894 

62 

3844 

238328 

7.8740 
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9.8489 

4.5947 

48 

2304 

X10592 

6.9282 

3.634a 

98 

9604 

94119a 

9.8995 

4.6104 

49 

240 X 

X 17649 

7.0000 

3.6593 

99 

9801 

970299 

9.9499 

4.6261 

50 

2 SOQ 

X 25000 

7.07XX 

3.6840 

.00 

10000 

xoooooo 

xo.oooo 

4.6416 
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GENERAL REFERENCE TABLES 


Squares, Cubes, Square and Cube Roots of Numbers prom 

I TO lOOO 


Na Square Cube 


lOI I020I I03030I 10.0499 4.6570 

X02 10404 1061208 10.0995 4-6723 

103 10609 1092727 10.1489 4.6875 

104 10816 1124864 10.1980 4-7027 

los II02S 1157625 10.2470 4-7177 

106 11236 1191016 10.2956 4-7326 

107 11449 1225043 10.3441 4-7475 

108 11664 1259712 10.3923 4.7622 

109 11881 1295029 10.4403 4-7769 

no 12100 1331000 10.4881 4-7914 

111 12321 1367631 10.5357 4-8059 

112 12544 1404928 10.5830 4-8203 

113 12769 1442897 10.6301 4.8346 

X14 12996 1481544 10.6771 4.8488 

115 13225 152087s 10.7238 4-8629 

116 13456 1560896 10.7703 4-8770 

117 13689 1601613 10.8167 4.8910 

n8 13924 1643032 10.8628 4.9049 

119 14161 1685159 10.9087 4.9187 

120 14400 1728000 I0.9S4S 4.9324 


121 14641 1771561 11.0000 4.9461 

122 14884 1815848 11.0454 4.9597 

123 15129 1860867 11.0905 4.9732 

124 15376 1906624 11.1355 4-9866 

125 15625 1953125 11.1803 5-0000 

126 15876 2000376 11.2250 5.0133 

127 16129 2048383 n.2694 5.0265 

128 16384 2097152 11.3137 5-0397 

129 16641 2146689 11.3578 5.0528 

130 16900 2197000 11.4018 5.0658 


131 17161 2248091 11.4455 5.0788 

132 17424 2299968 11.4891 5.0916 

X33 17689 2352637 11.5326 5-1045 

134 17956 2406104 11.5758 5-1172 

135 18225 246037s 11.6190 5.1299 

136 18496 2515450 11.6619 5.1426 

137 18769 2571353 11.7047 S.1551 

138 19044 2628072 11.7473 5.1676 

139 19321 2685619 11.7898 5.1801 

Z40 19^ 2744000 11.8322 5.1925 


X 41 19881 280322 Z XX .8743 5.2048 

142 20164 2863288 11.9164 5.2171 

143 20449 2924207 11.9583 5.2293 

144 20736 2985984 12.0000 5 . 241 s 

14 s 2X025 3048625 I2.oax6 5.2536 

146 21316 3112136 12.0830 5.2656 

147 21609 3 x 76523 12.1244 5.2776 

2 x 904 3241702 12.1655 5.2896 

149 22201 3307949 X 2.2066 5 . 30 x 5 

150 22500 3375000 12.2474 5 . 3 x 33 


No. Square Cube ^ 


151 22801 3442951 12.2882 5.3251 

152 23104 3511808 12.3288 5.3368 

153 23409 3581577 12.3693 5.3485 

154 23716 3652264 12.4097 5.3601 

iss 2402s 372387s 12.4499 5.3717 

156 24336 3706416 12.4900 5.3832 

157 24649 3869893 12.5300 5.3947 

158 24964 3944312 12.5698 5.4061 

159 25281 4019679 12.6095 5.417s 

160 25600 4096000 12.6491 5.4288 


161 25921 4173281 12.6886 5.4401 

162 26244 4251528 12.7279 5.4514 

163 26569 4330747 12.7671 5.4626 

164 26896 4410944 12.8062 5.4737 

165 27225 449212s 12.8452 5.4848 

166 27556 4574296 12.8841 5.4959 

167 27889 4657463 12.9228 5.5069 

168 28224 4741632 12.9615 5.5178 

169 28561 4826809 13.0000 5.5288 

170 28900 4913000 13.0384 5.5397 


171 29241 5000211 13.0767 5.5505 

172 29584 5088448 13.1149 5-5613 

173 29929 S177717 13.1529 5.5721 

174 30276 5268024 13.1909 5.5828 

175 30625 5359375 13-2288 5-5934 

176 30976 5451776 13.2665 5.6041 

177 31329 5545233 13.3041 5.6147 

178 31684 5639752 13.3417 5.6252 

179 32041 5735339 13-3791 5-6357 

180 32400 5832000 13.4164 5.6462 


181 32761 5029741 13.4536 5.6567 

182 33124 6028568 13.4907 5.6671 

183 33480 6128487 13.5277 S-6774 

184 33856 6229504 13.5647 5.6877 

185 34225 6331625 13.6015 5.6980 

186 34596 6434856 13.6382 5.7083 

187 34969 6539203 13.6748 5.7185 

188 35344 6644672 13.7113 5-7287 

189 35721 6751269 13.7477 5.7388 

190 36100 6859000 13.7840 5.7489 


191 36481 6967871 13.8203 5.7590 

■192 36864 7077888 13.8564 5.7690 

193 37240 7189057 13.8924 S.7790 

194 37636 7301384 13.9284 5-7890 

195 38025 7414875 13.9642 5.7989 

196 38416 7529536 14.0000 5.8088 

197 38809 7645373 14.0357 S.8186 

198 39204 7762392 14.0712 5.828s 

199 39601 7880599 14.1067 5.8383 

200 40000 8000000 14.1431 5.8480 








SQUARES AND CUBES 


Squares, Cubes, Square and Cube Roots op Numbers prom 

I TO lOOO 



No. Square Cube 


201 40401 

202 40804 

203 41209 

204 41616 

205 42025 

206 42436 

207 42849 

208 4^^264 

209 43681 j 

210 44100 


251 63001 

252 63504 

253 64009 

254 64516 

255 65025 

256 65536 

257 66049 

258 66564 
25Q 67081 
260 67600 


25813251 

16003008 

16194277 

16387064 

1658137s 

16777216 

16974SQ3 

17173512 

I 7373 Q 79 

17576000 


211 44521 

212 44944 

213 45369 

214 45796 

215 46225 

216 46656 

217 47089 

218 47524 

219 47961 

220 48400 


9393931 

9528128 

9663597 

9800344 

993837s 

10077696 

10218313 

10360232 

10503459 

10648000 


261 68121 

262 68644 

263 69169 

264 69696 
26s 70225 

266 70756 

267 71289 

268 71824 

269 72361 

270 72900 


17779581 

17984728 

18191447 

18399744 

18609625 

18821096 

19034163 

19248832 

19465109 

19683000 


221 48841 

222 49284 

223 497*9 

224 50176 

225 50625 

226 51076 

227 51529 

228 51984 

229 52441 

230 52900 


10793861 

10941048 

11089567 

11239424 

11390025 

11543176 

11697083 

11852352 

12008989 

12167000 


271 73441 

272 73984 

273 74529 

274 75076 
27s 7562s 

276 76176 

277 76729 

278 77284 

279 77841 

280 78400 


I99025II 

20123648 

20346417 

20570824 

2079687s 

21024576 

2 I 2 S 3933 

21484952 

21717639 

21952000 


231 53361 

232 53824 

233 54289 

234 54756 

235 55225 

236 55696 

237 56169 

238 56644 

239 57121 

240 57600 


12326391 

12487168 

12649337 

12812904 

12977875 

13144256 

13312053 

13481272 

13651019 

13824000 


281 78961 

282 79524 

283 80089 

284 80656 

285 81225 

286 81796 

287 82369 

288 82944 

289 83521 

290 84100 


22188041 

22425768 

22665187 

22906304 

23149125 

23393656 

23639903 

23887872 

24137569 

24389000 


241 58081 

242 58564 

243 59040 

244 59536 

245 60025 
240 60516 

247 6100Q 

248 61504 

249 62001 

250 62500 


13997521 

14172488 

14348907 

14526784 

14706125 

14886936 

15069223 

15252992 

15438249 

15625000 


291 84681 

292 85264 

293 85849 

294 86436 

295 87025 

296 87616 

297 88209 

298 88804 

299 89401 

300 90000 


24642171 

24897088 

25153757 

25412184 

25672375 

25934336 

26198073 

26463592 

26730899 

27000000 





1136 GENERAL REFERENCE TABLES 


Squares, Cubes, Square and Cube Roots of Numbers from 
I TO 1000 


No. Square Cube No. Square Cube 


301 90601 27270901 17.3494 6.7018 351 123201 43243551 18.7350 7.0540 

302 91204 27543608 17.3781 6.7092 352 123904 4361A208 18.7617 ^. o 6 o ^ 

303 91809 27818127 17.4069 6.7166 353 124609 43930977 18.7883 7.0674 

304 92416 28094^64 17.4356 6.7240 354 125316 44361864 18.8149 7.0740 

30s 93025 2837262s 17.4642 6.7313 3 SS 126025 4473887s 18.8414 7.0807 

306 93636 28652616 17.4029 6.7387 356 126736 45118016 18.8680 7.0873 

307 94249 28934443 17.5214 6.7460 357 127449 4549Q293 18.8944 7.0940 

308 94864 29218112 17.5499 6.7533 358 128164 45882712 18.9209 7.1006 

309 95481 29503629 17.5784 6.7606 359 128881 46268279 18.9473 7.1072 

310 96100 29791000 17.6068 6.7679 360 129600 46656000 18.9737 7.1138 


311 96721 30080231 17.6352 6.7752 361 130321 47045881 19.0000 7.1204 

312 97344 30371328 17.6635 6.7824 362 131044 47437928 19.0263 7.1269 

313 97969 30664297 17.6918 6.7897 363 1317^ 47832147 19.0526 7.133s 

314 98596 30959144 17.7200 6.7969 364 132496 48228544 19.0788 7.1400 

315 9922s 31255875 17.7482 6.8041 365 133225 48627125 19.1050 7.1466 

316 99856 31554496 17.7764 6.8113 366 133956 49027896 19.1311 7.1531 

317 100489 31855013 17.8045 6.8185 367 134689 49430863 19.1572 7.1596 

318 101124 32157432 17.8326 6.8256 368 135424 49836032 19.1833 7.1661 

319 101761 32461759 17.8606 6.8328 369 136161 50243409 19.2094 7.1726 

320 102400 32768000 17.888s 6.8399 370 136900 50653000 19.2354 7.1791 


321 103041 33076161 17.9165 6.8470 371 137641 51064811 19.2614 7.1855 

322 103684 33386248 17.9444 6.8541 372 138384 51/178848 19.2873 7.1920 

323 104329 33698267 17.9722 6.8612 373 139129 51895117 19.3132 7.1984 

324 104976 34012224 18.0000 6.8683 374 139876 52313624 19.3391 7.2048 

325 10562s 3432812s 18.0278 6.8753 375 140625 52734375 19.3649 7.2112 

326 106276 34645976 18.0555 6.8824 376 141376 53157376 19.3907 7.2177 

327 106929 34965783 18.0831 6.8894 377 142129 53582633 19.4165 7.2240 

328 107584 352875^2 18.1108 6.8964 378 142884 54010152 19.4422 7.2304 

329 108241 35611289 18.1384 6.9034 379 143641 54439939 19-4679 7.2368 

330 108900 35937000 18.1659 6.9104 380 144400 54872000 19.4936 7.2432 


331 109561 36264691 18.1934 6.9174 381 145161 55306341 19.5192 7.2495 

332 110224 36594368 18.2209 6.9244 382 145024 55742968 19.5448 7.2558 

333 110889 36926037 18.2483 6.9313 383 146689 56181887 19.5704 7.2622 

334 111556 37259704 18.2757 6.9382 384 147456 56623104 19.5959 7.2685 

335 112225 37595375 18.3030 6.9451 385 148225 57066625 19.6214 7.2748 

336 112896 37933056 18.3303 6.9521 386 148996 57512456 19.6469 7.2811 

337 113569 38272753 18.3576 6.9580 387 149769 57960603 19.6723 7.2874 

338 114244 3861^72 1813848 6.9658 388 150544 58411072 19.6977 7.2936 

339 114921 38958219 18.4120 6.9727 389 151321 58863869 19.7231 7.2999 

340 115600 39304000 18.4391 6.979s 390 152100 59319000 19.7484 7.3061 


341 116281 39651821 18.4662 6.9864 391 152881 59776471 19.7737 73124 

342 116964 40001688 18.4932 6.9932 392 153664 60236288 19.7990 7.3186 

343 117649 40353607 18.5203 7.0000 393 154449 60698457 19.8242 7 3248 

344 118336 40707584 18.5472 7.0068 394 155236 61162^4 19.8494 7.3310 

345 119025 4106362s 18.5743 7.0136 395 156025 61629875 19.8746 7.3372 

346 119716 41421736 18.6011 7.0203 396 156816 62099136 19.8^7 7.3434 

347 120409 41781923 18.6279 7.0271 397 157609 62570773 19.9249 7.3496 

348 121104 42*44192 18.6548 7.0338 398 155404 6304479a 19.9499 7.3558 

349 121801 42508549 18.6815 7.0406 309 159201 63521x99 19.9750 7.3619 

350 122500 428750170 18.7083 7.0473 400 160000 64000000 20.0000 7.3681 






SQUARES AND CUBES 1137 


Squares, Cubes, Square and Cube Roots of Numbers from 
I TO 1000 

' I 

No. Square Cube I No. Square Cube 


401 16080I 64481201 20.0250 7.3742 451 203401 91733851 21.2368 7.6688 

402 161604 64964808 20.0499 7.3803 452 204304 92345408 21.2603 7.6744 

403 162409 65450827 20.0749 7.3864 453 205209 92959677 21.2838 7.6800 

404 163216 65939264 20.0998 7.392s 454 206116 93576664 21.3073 7.6857 

405 164025 66430125 20.1246 7.3986 455 207025 94196375 21.3307 7.6914 

406 164836 66923416 20.1494 7.4047 456 207936 94818816 21.3542 7.6970 

407 165649 67419143 20.1742 7.4108 457 208849 95443993 21.3776 7.7026 

408 166464 67917312 20.1990 7.4169 458 209764 96071912 21.4009 7.7082 

409 167281 68417929 20.2237 7.4229 459 210681 96702579 21.4243 7.7138 

410 168100 68921000 20.2485 7.4290 460 2ii6oo 97336000 21.4476 7.7194 


411 168921 69426531 20.2731 7.4350 461 212521 97972181 21,4709 7.7250 

412 169744 69934528 20.2978 7.4410 462 213444 98611128 21.4942 7.7306 

413 170569 70444997 20.3224 7.4470 463 214369 99252847 21.5174 7.7362 

414 171396 70957944 20.3470 7.4530 464 215296 99897344 21.5407 7.7418 

415 172225 71473375 20.3715 7-4590 465 216225 100544625 21.5639 7.7473 

416 173056 71991296 20.3961 7.4650 466 217156 101194696 21.5870 7.7529 

417 173889 72511713 20.4206 7.47x0 467 218089 101847563 21.6102 7.7584 

418 174724 73034632 20.4450 7.4770 468 219024 102303232 21.6333 7.7639 

419 175561 73560059 20.4695 7.4829 469 219961 103161709 21.6564 7.769s 

420 176400 74088000 20.4939 7.4889 470 220900 103823000 21.6795 7.7750 


421 177241 74618461 20.5183 7.4948 471 221841 104487111 21.7025 7.780s 

422 178084 75151448 20.5426 7.5007 472 222784 105154048 21.7256 7.7S60 

423 178929 75686967 20.5670 7.5067 473 223729 105823817 21.7486 7.791s 

424 179776 76225024 20.5913 7.5126 474 224676 106496424 21.7715 7.7970 

42s 180625 76765625 20.6155 7.5185 475 225625 107171875 21.7945 7.802s 

426 181476 77308776 20.6398 7.5244 476 226576 107850176 21.8174 7.8079 

427 182329 77854483 20.6640 7.5302 477 227529 108531333 21.8403 7.8134 

428 183184 78402752 20.6882 7.5361 478 228484 109215352 21.8632 7.8188 

429 184041 78953589 20.7123 7.5420 479 229441 109902239 21.8861 7.8243 

430 184900 79507000 20.7364 7.5478 480 230400 H0592000 21.9089 7.8297 


431 185761 80062991 20.7605 7-5537 481 231361 111284641 21.9317 7.8352 

432 186624 80621568 20.7846 7.559s 482 232324 11198016821.9545 7.8406 

433 187489 81182737 20.8087 7.5654 483 233289 112678587 21.9773 7.8460 

434 188356 81746504 20.8327 7.5712 484 234256 113379904 22.0000 7.8514 

435 189225 82312875 20.8567 7.5770 485 235225 114084125 22.0227 7.8568 

436 190096 82881856 20.8806 7.5828 486 236196 114791256 22.0454 7.8622 

437 190969 83453453 20.904s 7.5886 487 237169 115501303 22.0681 7.8676 

438 191844 84027672 20.9284 7-5944 488 238144 116214272 22.0907 7.8730 

439 192721 84604519 20.9523 7.6001 489 239121 116930169 22.1133 7.8784 

440 193600 85184000 20.9762 7.6059 490 240100 117649000 22.1359 7.8837 


441 194481 85766121 21.0000 7.6117 491 241081 118370771 22.1585 7.8891 

442 195364 86350888 21.0238 7.6174 492 242064 119095488 22,1811 7.8944 

443 196249 86938307 21.0476 7.6232 49j 243049 119823157 22.2036 7.8998 

444 197136 87528384 21.0713 7.6289 494 244036 120553784 22.2261 7.9051 

445 198025 8812112s 21.09^0 7.6346 495 245025 121287375(22.2486 7.910? 

446 198916 88716536 21.1187 7.6403 496 246016 122023936 22.2711 7.9150 

447 199^ 89314623 21.1424 7.6460 497 247009 122763473 22.293s 7.9211 

448 200704 89915392 21.1660 7.6517 498 248004 123505992 22.3159 7.9264 

449 201601 90518849 21.1896 7.6574 499 249001 124251499 22.3383 7.9317 

450 202500 91125000 21.2132 7.6631 500 250000 125000000 22.3607 7.9370 





1138 GENERAL REFERENCE TABLES 


Squares, Cubes, Square and Cube Roots of Numbers from 
I to 1000 


No. Square Cube No. Square Cube 


501 2SIOOI 125751501 22.3830 7-9423 551 303601 167284151 23.4734 8.1982 

502 252004 126506008 22.4054 7-9476 552 304704 168196608 23.4947 8.2031 

503 253009 127263527 22.4277 7-9528 553 305809 169112377 23.5160 8.2081 

504 254016 128024064 22.4499 7.9581 554 306916 170031464 23.5372 8.2130 

505 255025 128787625 22.4722 7.9634 555 308025 170953875 23.5584 8.2180 

506 256036 129554216 22.4944 7.9686 556 309136 171879616 23.5797 8.2229 

507 257049 130323843 22.5167 7-9739 557 310249 172808693 23.6008 8.2278 

508 258064 131096512 22.5389 7.9791 558 311364 173741112 23.6220 8.2327 

509 259081 131872229 22.5610 7-9843 559 312481 174676879 23.6432 8.2377 

510 260100 132651000 22.5832 7.9896 560 313600 175616000 23.6643 8.2426 


511 261121 133432831 22.6053 7-9948 561 314721 176558481 23.6854 8.2475 

512 262144 134217728 22.6274 8.0000 562 315844 177504328 23-7065 8.2524 

513 263169 135005697 22.6495 8.0052 563 316969 178453547 23.7276 8.2573 

514 264196 135796744 22.6716 8.0104 564 318096 179406144 23.7487 8.2621 

515 265225 136590875 22.6936 8.0156 565 319225 180362125 23.7697 8.2670 

516 266256 137388096 22.7156 8.0208 566 320356 181321496 23.7908 8.2719 

517 267289 138188413 22.7376 8.0260 567 321489 182284263 23.8118 8.2768 

518 268324 138991832 22.7596 8.0311 568 322624 i8325043;2 23.8328 8.2816 

519 269361 139798359 22.7816 8.0363 569 323761 184220009 23.8537 8.286s 

520 270400 140608000 22.8035 8.0415 570 324900 185193000 23.8747 8.2913 


521 271441 141420761 22.8254 8.0466 571 326041 186169411 23.8956 8.2962 

522 272484 142236648 22.8473 8.0517 572 327184 187149248 23.9165 8.3010 

523 273529 143055667 22.8692 8.0569 573 328329 188132517 23.9374 8.3059 

524 274576 143877824 22.8910 8.0620 574 329476 189119224 23.9583 8.3107 

525 275625 144703125 22.9129 8.0671 575 330625 190109375 23.9792 8.3155 

526 276676 145531576 22.9347 8.0723 576 331776 191102976 24.0000 8.3203 

527 277729 146363183 22.9565 8.0774 577 332929 192100033 24.0208 8.3251 

528 278784 147197952 22.9783 8,0825 578 334084 193100552 24.0416 8.3300 

529 279841 148035889 23.0000 8.0876 579 335241 194104539 24.0624 8.3348 

530 280900 148877000 23.0217 8.0927 580 336400 195112000 24.0832 8.3396 


531 281961 149721291 23.0434 8.0978 581 337561 196122941 24.1039 8.3443 

532 283024 150568768 23.0651 8.1028 582 338724 197137368 24.1247 8.3491 

533 284089 151419437 23.0868 8.1079 583 339889 198155287 24.1454 8.3539 

534 285156 152273304 23.1084 8.1130 584 341056 199176704 24.1661 8,3587 

535 28622s 153130375 23.1301 8.1180 585 342225 200201625 24.1868 8.3624 

536 287296 153990656 23.1517 8.1231 586 343396 201230056 24.2074 8.3682 

537 288369 154854153 23.1733 8,1281 587 344569 202262003 24.2281 8.3730 

538 289444 155720872 23.1948 8.1332 588 345744 203297472 24.2487 8.3777 

539 290521 156590819 23.2164 8.1382 589 346921 204336469 24.2693 8.3825 

540 291600 157464000 23.2379 8,1433 590 348100 205379000 24.2899 8.3872 


541 292681 158340421 23.2594 8.1483 591 349281 206425071 24.3105 8.3919 

542 293764 159320088 23.2809 8.1533 592 350464 207474688 24.3311 8.3967 

543 294849 160103007 23.3024 8.1583 593 351649 208527857 24.3516 8.4014 

544 295936 160089184 23,3238 8.1633 594 352836 209584584 24.3721 8.4061 

545 297025 161878625 23.3452 8.1683 595 354025 210644875 24.3926 8.4108 

546 2^116 162771336 23.3666 8.1733 596 355216 211708736 24.4131 8.4155 

547 299209 163667323 23.3880 8.1783 597 3S6ao9 212776173 24.4336 8.4202 

548 300304 164566592 23.4094 8.1833 590 357604 213847192 24.4540 8.4249 

549 301401 165469149 23.4307 8.1882 599 358801 214921799 24.4715 8.4296 

5^ 302500 z66375000j23.452Z 8.1932 600 300000 210000000 24.4949 8.4343 




SQUARES AND CUBES 


1139 


Squares, Cubes, Square and Cube Roots op Numbers prom 
I TO 1000 

No. Square Cube No. Square Cube 


601 361201 217081801 24.5153 8.4390 651 423801 275804451 25.5147 8.6668 

602 362404 218167208 24.5357 8.4437 652 425104 277167808 25.5343 8.6713 

603 363609 219256227 24.5561 8.4484 653 426409 278445077 25.5539 8.6757 

604 364816 220348864 24.5764 8.4530 654 427716 279726264 25.5734 8.6801 

605 366025 221445125 24.5967 8.4577 655 429025 281011375 25.5930 8.684s 

606 367236 222545016 24.6171 8.4623 656 430336 282300416 25.6125 8.6890 

607 368449 223648543 24.6374 8.4670 657 431649 283593393 25.6320 8.6934 

608 369664 224755712 24.6577 8.4716 658 432964 284890312 25.6515 8.6978 

609 370881 225866529 24.6779 8.4763 659 434281 286191179 25.6710 8.7022 

610 372100 226981000 24.6982 8.4809 660 435600 287496000 25.6905 8.7066 


611 373321 228099131 24.7184 8.4856 661 436921 288804781 25.7099 8.7110 

612 374544 229220928 24.7386 8.4902 662 438244 290117528 25.7294 8.7154 

613 375769 230346397 24.7588 8.4948 663 439569 291434247 25.7488 8.7195 

614 376996 231475544 24.7790 8.4994 664 440896 292754944 25.7682 8.7241 

615 378225 232608375 24.7992 8.5040 66s 442225 294079625 25.7876 8.728s 

616 379456 233744896 24.8193 8.5086 666 443556 295408296 25.8070 8.7329 

617 380689 234885113 24.8395 8.5132 667 444889 296740963 25.8263 8.7373 

618 381924 236029032 24.8596 8.5178 668 446224 298077632 25.8457 8.7416 

619 383161 237176659 24.8797 8.5224 669 447561 299418309 25.8650 8.7460 

620 384400 238328000 24.8998 8.5270 670 448900 300763000 25.8844 8.7503 


621 385641 239483061 24.9199 8.5316 671 450241 302111711 25.9037 8.7547 

622 386884 240641848 24.9399 8.5362 672 451584 303464448 25.9230 8.7590 

623 388129 241804367 24.9600 8.5408 673 452929 304821217 25.9422 8.7634 

624 389376 242970624 24.9800 8.5453 674 454276 306182024 25.9615 8.7677 

625 39062s 244140625 25.0000 8.5499 675 455625 30754687s 25.9808 8.7721 

626 391876 245314376 25.0200 8.5544 676 456976 308915776 26.0000 8.7764 

627 393129 246491883 25.0400 8.5590 677 458329 310288733 26.0192 8.7807 

628 394384 247673152 25.0599 8.5635 678 459684 311665752 26.0384 8.7850 

629 395641 248858189 25.0799 8.5681 679 461041 313046839 26.0576 8.7893 

630 396900 250047000 25.0998 8.5726 680 462400 314432000 26.0768 8.7937 


631 398161 251239591 25.1197 8.5772 681 463761 315821241 26.0960 8.7980 

632 399424 252435968 25.1396 8.5817 682 465124 317214568 26.1151 8.8023 

633 400689 253636137 25.1595 8.5862 683 466489 318611987 26.1343 8.8066 

634 401956 254840104 25.1794 8.5907 684 467856 320013504 26.1534 8.8109 

63s 403225 25604787s 25.1992 8.5952 685 46922s 321419125 26.1725 8.8152 

636 404496 257259456 25.2190 8.5997 686 470596 322828856 26.1916 8.8194 

637 405769 258474853 25.2389 8.6043 687 471969 324242703 26.2107 8.8237 

638 407044 259694072 25.2587 8.6088 688 473344 325660672 26.2298 8.8280 

639 408321 260917119 25.2784 8.6132 689 474721 327082769 26.2488 8.8323 

640 409600 262144000 25.2982 8.6177 690 476100 328509000 26.2679 8.8366 


641 410881 263374721 25.3180 8.6222 691 477481 329930371 26.2869 8.8408 

642 412164 264609288 25.3377 8.6267 692 478864 331373888 26.3059 8.8451 

643 413440 265847707 25.3574 8.6312 693 480249 332812557 26.3249 8.8493 

644 414736 267089984 25.3772 8.6357 694 481636 334255384 26.3439 8.8536 

64s 410025 26833612s 25.3969 8.6401 695 483025 33570237s 26.3629 8.8578 

646 417316 269586136 25.4165 8.6446 696 484416 337153536 26.3818 8.8621 

647 418609 270840023 25.4362 8.6490 697 485809 338608873 26.4008 8.8663 

648 419904 272097792 25.4558 8.6535 698 487204 340068392 26.4197 8.8706 

649 421201 273359449 25 * 475.5 8.6579 699 488601 341532099 26.4386 8.8748 

650 422500 274625000 25.4951 8.6624 700 490000 343000000 26.457s 8.8790 
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Squares, Cubes, Square and Cube Roots of Numbers from 

I TO lOOO 


No. Square Cube No. Square Cube 


7 01 491401 344472101 26.4764 8.8833 751 564001 

702 402804 34594840826.4053 8.887s 752 565504 

703 494200 347428027 26.5141 8.8017 753 567009 

704 405616 348013664 26.5330 8.8059 754 568516 

705 407025 35040262s 26.5518 8.9001 755 570025 

706 498436 351895816 26.5707 8.9043 756 571536 

707 499849 353303243 26.5805 8.9085 757 573049 

708 501264 354894912 26.6083 8.9127 758 574564 

709 502681 356400820 26.6271 8.9169 750 576081 

710 504100 3S79IIOOO 26.6458 8.9211 760 577600 


711 505521 359425431 26.6646 8.9253 761 S70I2I 

712 506944 360944128 26.6833 8.929s 762 580644 

713 508369 362467097 26.7021 8.9337 763 582169 

714 509796 363994344 26.7208 8.9378 764 583696 

71s SII 22 S 365525875 26.739s 8.9420 765 585225 

716 512656 367061696 26.7582 8.9462 766 586756 

717 514089 368601813 26.7769 8.9503 767 588289 

718 515524 370146232 26.7955 8.95^5 768 589824 

719 516961 371694959 26.8142 8.9587 769 591361 

720 518400 373248000 26.8328 8.9628 770 592900 


721 519841 374805361 26.8514 8.9670 771 S9444I 

722 521284 376367048 26.8701 8.9711 773 595984 

723 522729 377933067 26.8887 8.9753 773 597520 

724 524176 379503424 26.9072 8.9794 774 599076 

72s 525625 381078125 26.9258 8.9835 775 600625 

726 527076 382657176 26.9444 8.9876 776 602176 

727 528529 384240583 26.9629 8.9918 777 603729 

728 529984 385828352 26.9815 8.9959 778 605284 

729 531441 387420489 27.0000 9.0000 779 606841 

730 532900 389017000 27.0185 9.0041 780 608400 


731 534361 390617891 27.0370 9.0082 781 609961 

732 535824 392223168 27.0555 9.0123 782 611524 

733 537289 393832837 27.0740 9-0164 783 613089 

784 538756 395446904 27.0924 9.020s 784 614656 

735 540225 39706537s 27.1109 9.0246 78s 616225 

736 541696 398688256 27.1293 9.0287 786 617796 

737 543169 400315553 27.1477 9.0328 787 619369 

738 544644 401947272 27.1662 9.0369 788 620944 

739 546121 403583419 27.1846 9.0410 789 622521 

740 547600 405224000 27,2029 9.0450 790 624100 


741 549081 406869021 27.2213 9.0491 791 625681 

742 550564 408518488 27.2397 9.0532 792 627264 

743 552049 410172407 27.2580 9.0572 703 628849 

744 553536 411830784 27.2764 9.0613 794 630436 

745 555025 413493625 27.2947 9.0654 795 63202s 

746 556516 415160936 27.3x30 9.0694 796 633616 

747 558009 416832723 27.3313 9-0735 797 635209 

748 SS 9 S 04 418508992 27.3A96 9.0775 798 636804 

'>40 561001 420189749 27.3679 9.08x6 799 638401 

750 562500 421875000 27.3861 9.0856 8m 640000 


423564751 

425259008 

426957777 

428661064 

43036887s 

432081216 

433798093 

435519512 

437245479 

438976000 


440711081 

442450728 

444194947 

445943744 

447697125 

449455096 

451217663 

452984832 

454756609 

456533000 


458314011 

460099648 

461889917 

463684824 

46548437s 


467288576 


469097433 


470910952 


472729139 

474552000 


476379541 

478211768 

480048687 

481890304 

48373662s 

485587656 

487443403 

489303872 

491169069 

403039000 


494913671 

496793088 

498677257 

500566184 

502459875 

504358336 

506261573 

508169592 

510082399 

5x2000000 



27.4044 9,0896 
27.4226 9.0937 
27.4408 9-097; 
27.4591 9-1017 
27.4773 9.1057 
27.4955 9.1098 
27.5136 9-1138 
27.5318 9.1178 
27.5500 9.1218 
27.5681 9.1258 


27.5862 9.1298 
27.6043 9.13^8 
27.6225 9.1378 
27.6405 9.1418 
27.6586 9.1458 
27.6767 9.1498 
27.6948 9.1537 
27.7128 9.1577 
27.7308 9.1617 
27.7489 9.1657 


27.7669 9.1696 

27.7849 9.1736 
27.8029 9.1775 
27.8209 9.1815 
27.8388 9.1855 
27.8568 9.1894 

27.8747 9.1933 

27.8927 9.1973 
27.9106 9.2012 
27.928s 9.2052 


27.9464 9.2091 
27.9643 9-2130 
27.9821 9.2170 
28.0000 9.2209 
28.0179 9.2248 
28.0357 9.2287 
28.0535 9.2326 
28.0713 9.236s 
28.0891 9.2404 
28.1069 9.2443 


28.1247 9.2482 
28.1425 9.2521 
28.1603 9.2560 
28.1780 9.2599 
28.1957 9.2638 
28.2135 9.2677 
28.2312 9.2716 
28.2489 9.2754 
28.2666 9.2793 
28.2843 Q.2832 









SQUARES AND CUBES 
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Squares, Cubes, Square and Cube Roots of Numbers from 

I TO 1000 


Jlo. Square Cube No. Square Cube gu^ 


801 641601 SI39224OI 28.3019 9.2870 851 724201 616295051 29.1719 9.4764 

802 643204 515849608 28.3196 9.2909 852 725904 618470208 29.1890 9.4801 

803 64^809 517781627 28.3373 9.2948 853 727609 620650477 29.2062 9.4838 

804 646416 519718464 28.3549 9.2986 854 729316 622835864 29.2233 9.487s 

80s 648025 521660125 28.3725 9.3025 855 731025 625026375 29.2404 94 QI 2 

806 649636 523606616 28.3901 9.3063 856 732736 627222016 29.257s 9.4949 

807 651249 525^57943 28.4077 9.3102 857 734440 629422793 29.2746 9-4Q86 

808 652864 52751.4112 28.4253 9.3140 858 736164 631628712 29.2916 9.5023 

809 6544S1 52947.5129 28.4429 9*3179 859 737881 633839779 29.3087 9 5060 

810 656100 S31441000 28.4605 9.3217 860 739600 636056000 29.3258 9.5097 


811 657721 533411731 28.4781 9-3255 86r 741321 638277381 29.3428 9-5134 

812 659344 535387328 28.4956 9.3294 862 74.3044 640503928 29.3598 9-5171 

813 660969 537367797 28.5132 9-3332 863 744769 642735647 29.3769 9.5207 

814 662596 S39353144 28.5307 9.3370 864 746406 644972544 29-3039 9-5244 

815 664225 541343375 28.5482 9.3408 86s 748225 647214625 29.4109 9.5281 

816 665856 543338496 28,5657 9.3447 866 749056 649461896 29.4279 9-5317 

817 667489 545338513 28.5832 9.348s 867 751689 651714363 29.4449 9.5354 

818 669124 547343432 28.6007 9.3523 863 753424 653972032 29.4618 9-5391 

819 670761 549353259 28.61S2 9.3561 869 755161 656234909 29.4788 9.5427 

820 672400 551368000 28.6356 9.3599 870 756900 658503000 29.4958 9.5464 


821 674041 553387661 28.6531 9.3637 871 758641 660776311 29.5127 9.5501 

822 675684 555412248 28.6705 9.367s 872 760384 663054848 29.5296 9.5537 

823 677329 557441767 28.6880 9.3713 873 762129 665338617 29.5466 9.5574 

824 678976 559476224 28,7054 9‘375l 874 763876 667627624 29.5635 9.5610 

82s 680625 561515625 28.7228 9.3789 87s 765625 669921875 29.5804 9.5647 

826 682276 563559976 28.7402 9.3827 876 767376 672221376 29.5973 9-5683 

827 683929 56560^83 28.7576 9.3865 877 769129 674526133 29.6142 9.5719 

828 685584 567663552 28.7750 9.3902 878 770884 676836152 29.6311 9.5756 

829 687241 569722789 28.7924 9-3940 879 772641 679151439 29.6479 9.579a 

830 688900 571787000 28.8097 9.3978 880 774400 681472000 29.6648 9.5828 


831 690561 573856191 28.8271 9.4016 881 776161 683797841 29.6816 9.5865 

832 692224 575930368 28.8444 9.4053 882 777924 686128968 29.6985 9.5901 

833 693889 578009537 28.8617 9.4091 883 779689 688465387 29.7153 9.5937 

834 695556 580093704 28.8791 9.4129 884 781456 690807104 29.7321 9.5973 

83s 697225 582182875 28.8964 9.4166 885 783225 693154125 29.7489 9.6010 

836 698896 584277056 28.9137 9.4204 886 784996 695506456 29.7658 g.6046 

837 700569 586376253 28.9310 9.4241- 887 786769 697864103 29.7825 9.6082 

838 702244 588480472 28.9482 9.4279 888 788544 700227072 29.7993 9.6118 

839 703921 590589719 28.9655 9.4316 889 790321 702595369 29.8161 9.6154 

840 705600 592704000 28,9828 Q.4354 890 792100 704969000 29.8329 9.6190 


841 707281 594823321 29.0000 9.4391 891 793881 707347971 29.8496 9.6226 

842 708964 596947688 29.0172 9.4429 892 795664 709732288 29.8664 9.6262 

843 710649 599077107 29.034s 9.4466 893 797449 712121957 29.8831 9.6298 

844 712336 601211584 29.0517 Q.4503 894 799236 714516984 29.8908 9.6334 

845 714025 603351125 29.0680 9.4541 89s 801025 716917375 29.9166 9.6370 

846 715716 605495736 29.0861 9.4578 896 802816 719323136 29.9333 9.6406 

847 717409 607645423 29.1033 9.4615 897 804609 721734273 29.9500 9.6442 

848 719104 609800192 29.1204 9.4652 898 806404 724150792 29.9666 9.6477 

849 720801 611960049 29.1376 9.4690 890 808201 726572699 29.9833 9.6513 

850 722500 614125000 29.1548 9.4727 900 810000 729000000 30.0000 9.6549 
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Squares, Cubes, Square and Cube Roots op Numbers from 

I TO lOOO 

No. Square Cube No. Square Cube 


QOI 811801 731432701 30-0167 0-6585 951 004401 860085351 30.8383 9.8339 

902 813604 733870808 30.0333 9.6620 952 906304 862801408 30.8545 9.8374 

903 815409 736314327 30.0500 9.6656 953 908209 865523177 30.8707 9.8408 

904 817216 738763264 30.0666 9.6692 954 910116 868250664 30.8869 9.8443 

905 819025 741217625 30.0832 9.6727 955 912025 870983875 30.9031 9.8477 

906 820836 743677416 30.0998 9.6763 956 913036 873722816 30.9192 9.8511 

907 822649 746142643 30.1164 9-6799 957 915849 876467493 30.9354 9.8546 

908 824464 748613312 30.1330 9.6834 058 917764 879217912 30.9516 9.8580 

909 826281 751089429 30.1496 9.6870 959 919681 881974079 30.9677 9.8614 

910 828100 75357100030.1662 9.6905 960 921600 88473600030.9839 9.8648 


911 829921 756058031 30.1828 9.6941 961 923521 887503681 31.0000 9.8683 

912 831744 75855052830.1993 9.6976 962 925444 89027712831.0161 9.8717 

913 833569 761048497 30.2159 9-7012 963 927369 893056347 31-0322 9-8751 

914 835396 76355194430.2324 9.7047 964 929296 89584134431.0483 9.878s 

915 837225 766060875 30.2490 9.7082 965 931225 898632125 31.0644 9.8819 

916 839056 768575296 30.2655 9.7118 966 933156 901428696 31.0805 9.8854 

917 840S89 771095213 30.2820 9.7153 967 935089 904231063 31.0966 Q.8888 

918 842724 773620632 30.2985 9.7188 968 937024 907039232 31.1127 9.8923 

919 844561 77615155930.3150 9.7224 969 938961 90985320931.1288 9.8956 

920 846400 77868800030.3315 9.7259 970 940900 91267300031.1448 9.8990 


921 848241 781229961 30.3480 9.7294 971 942841 915498611 31.1609 0.9024 

922 850084 783777448 30.3645 9-7329 972 944784 918330048 31-1769 9.9058 

923 851929 786^50467 30.3809 9.7364 973 946729 921167317 31-1929 9-9092 

924 853776 788889024 30.3974 9.74001 974 948676 924010424 31.2090 9.9126 

925 855625 791453125 .50.4138 9-7435 975 950625 926859375 31*2250 0.9160 

926 857476 794022776 30.4302 9.7470 976 952576 929714176 31.2410 9.9194 

927 859329 796597983 30.4467 9.7505 977 954529 932574833 31-2570 9.9227 

928 861184 79917875230.4631 9.7540 978 956484 93544135231.2730 99261 

929 863041 80176508930.4795 9.7573 979 958441 93831373931.2890 9.9295 

930 864900 80435700030.4959 9.7610 980 960400 94119200031.3050 9.9329 


931 866761 806954491 30.5123 9.7645^ 981 962361 944076141 31.3209 9.9363 

932 868624 809557568 30.5287 9.7680 982 964324 946966168 31.3369 9.9396 

933 870489 812166237 30.5450 9.7715 983 966289 949862087 31.3528 9.9430 

934 872356 814780504 30.5614 9-7750 984 968256 952763904 31.3688 9.9464 

935 874225 81740037s 30.5778 9.778s 985 97022s 95567162s 31.3847 9.9497 

936 876096 820025856 30.5941 9.7810 986 972196 958585256 31.4006 9.9531 

937 877969 822656953 30.6105 9.785^ 987 974169 961504803 31.4166 9.9565 

938 879844 825293672 30.6268 9.7880 988 976144 964430272 31.4325 9.9598 

939 881721 827936019 30.6431 9.7924 989 978121 967361669 31.4484 9.9632 

940 883600 83058400030.6594 9.7950 990 980100 970299000 31.4643 9.9666 


941 885481 833237621 30.6757 9.7993 991 982081 973242271 31.4802 9.9699 

942 887364 835896888 30.6920 9.8028 992 984064 976191488 31.4960 9.9733 

943 889249 838561807 30.7083 9.8063 993 986049 979146657 31.5119 9.9766 

944 891136 841232384 30.7246 9.8097 994 988036 982107784 31.5278 9.^00 

945 ,893023 843908625 30.7409 9.8132 995 990025 985074875 31.5436 9.9833 

946 89A916 84659053630.7571 9-8167 996 992016 98804793631.5595 9.9866 

947 8968(59 84927812330.7734 9.8201 997 994009.99102697331.5753 9.9900 

948 898704 851971392 30.7896 9.8236 998 996004 994011992 31.5911 9.9933 

949 900601 854670349 30.8058 9.8270 999 998001 997002999 31-6070 9.9967 

950 902500 85737500030.8221 9.8305 1000 i(X)oooo looooooooo 31.6228 10.0000 
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Areas and Circumferences of Circles from i to ioo 


Dia. 

Area 

Circum. 

Dia. 

Area 

Circum. | 

Dia. 

Area 

Circum. 


0.00077 

0.09817s 

2 

3.1416 

6.2831Q 

5 

19-635 

15.7080 


0.00173 

0.147262 

A 

3-3410 

6-47953 

A 

20.129 

15-9043 

A 

0.00307 

0.196350 

i 

3-5466 

6.67588 

i 

20,629 

16.1007 

A 

0.00690 

0.294524 

A 

3-7583 

6.87223 

A 

21.135 

16.2970 


0 

b 

H 

10 

K) 

0.392699 

1 

3-9761 

7.06858 

i 

21.648 

16.4934 

A 

O.OI9I7 

0.490874 

A 

4.2000 

7.26493 

A 

22.166 

16.6897 

A 

0.02761 

0.589049 

i 

4.4301 

7.46128 

ft 

22.691 

16.8861 

A 

0.03758 

0.687223 

A 

4.6664 

7-65763 

A 

23.221 

17.0824 

i 

0.04909 

0.785398 

i 

4.9087 

7-85398 

i 

23-758 

17.2788 

A 

0.06213 

0-883573 

A 

5-1572 

S-05033 

A 

24.301 

17-4751 

A 

0.07670 

0.981748 

ft 

5-4119 

8.24668 

ft 

24.850 

17-6715 


0.09281 

1.07992 

H 

5-6727 

8.44303 

■fi 

25.406 

17.8678 

i 

O.IIO45 

1.17810 

i 

5-9396 

8.63938 


25.967 

18.0642 

ii 

0.12962 

1.27627 


6.2126 

8-83573 


26.535 

18.2605 

A 

0-15033 

1-37445 

i 

6.4918 

9.03208 

ft 

27.109 

18.4569 


0.17257 

1.47262 

H 

6-7771 

9-22843 

if 

27.688 

18-6532 

i 

0.19635 

1.57080 

3 

7.0686 

9.42478 

6 

28.274 

18.8496 

n 

0.22166 

1.66897 


7.3662 

9.62113 

i 

29.465 

19.2423 

ft 

0.24850 

1-76715 

i 

7.6699 

9.81748 

1 

30.680 

19-6350 

ii 

0,27688 

1-86532 

A 

7.9798 

10.0138 

ft 

31.919 

1 20.0277 


0.30680 

1.96350 

1 

8.2958 

10.2102 

i 

33-183 

20.4204 

H 

0.33824 

2.06167 

A 

8.6179 

10.4065 

5 

34.472 

20.8131 

H 

0.37122 

2.15984 

ft 

8.9462 

10.6029 

f 

35-785 

21.2058 

ii 

0.40574 

2.25802 


9.2806 

10.7992 

ft 

37-122 

21.5984 

i 

0.44179 

2.35619 

i 

9.6211 

10.9956 

7 

38-485 

21.9911 

fi 

0.47937 

2.45437 

■ft 

9.9678 

II.1919 

i 

39-871 

22.3838 


0.51849 

2.55254 

ft 

10.321 

11.3883 

i 

41.282 

22.7765 

ii! 

0.55914 

2.65072 

ii 

10.680 

11.5846 

ft 

42.718 

23.1692 

i 

0.60132 

2.74889 

i 

11.045 

11.7810 

j 

44.179 

23.5619 

Ii 

0.64504 

2.84707 


11.416 

11.9773 

ft 

45.664 

23.9546 

il 

ii 

0.69029 

2.94524 

i 

11-793 

12.1737 

i 

47-173 

24.3473 

0.73708 

3-04342 

if 

12.177 

12.3700 

1 

48.707 

24.7400 

1 

0.78540 

3-14159 

4 

12.566 

12.5664 

8 

50.265 

25.1327 

A 

0.88664 

3-33794 

fti 

12.962 

12,7627 

i 

51.849 

25-5255 

i 

0.99402 

3-53429 

i 

13-364 

12.9591 

i 

53.456 

25.9181 

A 

1.107s 

3-73064 

ft 

13-772 

13-1554 

ft 

55.088 

26.3108 

i 

1.2272 

3.92699 

i 

14.186 

13-3518 

i 

56.745 

26.7035 

A 

1-3530 

4.12334 

ft 

14.607 

13-5481 

ft 

58.426 

27.0962 

t 

1.4849 

4.31069 

i 

15-033 

13-7445 

i 

60.132 

27.4889 

A 

1.6230 

4.51604 

ft 

15.466 

13.9408 

ft 

61.862 

1 27.8816 

i 

1.7671 

4-71239 

4 

15.904 

14.1372 

9, 

63.617 

28.2743 

A 

1-9175 

4.90874 

ft 

16.349 

14.3335 

i 

65.397 

28.6670 

f 

2.0739 

5.10509 

ft 

16.800 

14.5299 

i 

67.201 

29.0597 

ii 

2.2365 

5-30144 

ii 

17-257 

14.7262 

ft 

69.029 

29-4524 

J 

2.4053 

5.49779 

ft 

17-721 

14.9226 

4 

70.882 

293451 

¥ 

2.5802 

5.69414 


18.190 

15.1189 

ft 

A-760 

3 o -*378 

A 

2.7612 

5.85049 

i 

18.665 

15.3153 

t 

A-662 

30.6305 

ii 

2.9483 

6.08684 

Ji 

19.147 

15-5116 

i 

76.589 

31-0232 
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Areas and Circumferences op Circles from i to ioo 


Dia. 

Area 

Circum. 

Dia. 

Area 

Circum. 

Dia. 

Area 

Circum. 

lO 

78.540 

34-4139 

16 

201.06 

50-2655 

22 

380.13 

69.1150 

i 

80.516 

31.8086 

i 

204.22 

50.6582 

i 

384.46 

69-5077 

1 

: 82.516 

32.2013 

1 

207.39 

51.0509 


388.82 

69.9004 

i 

: 84.541 

32.5940 

i 

210.60 

51.4436 

i 

393.20 

70.2931 

1 

f 86.590 

32.9867 

i 

213.82 

51-8363 

i 

397.61 

70.6858 

1 

88.664 

33-3794 

f 

217.08 

52.2290 


402.04 

71.0785 

J 

90.763 

33.7721 

f 

220.35 

52.6217 

i 

406.49 

71.4712 

i 

92.886 

34.1648 

i 

223.65 

53-0144 

i 

410.97 

71.8639 

II 

93-033 

34.5575 

n 

226.98 

53-4071 

23 

413-48 

72.2566 

1 

97.205 

34.9502 

i 

230.33 

53-7998 

i 

420.00 

72.6493 

i 

99.402 

33-3429 

\ 

233-71 

54.1925 

} 

424.56 

73.0420 

i 

101.62 

35-7356 


237.10 

54-5852 

i 

429.13 

73-4347 

i 

103.87 

36.1283 

i 

240.53 

54.9779 

i 

433-74 

73-8274 

i 

106.14 

36.5210 

s 

243-98 

55-3706 

« 

438.36 

74.2201 

f 

108.43 

36.9137 

i 

247.45 

53-7633 

i 

443.01 

74.6128 

i 

110.75 

37-3064 

i 

250.95 

56.1560 

i 

447.69 

75-0055 

12 

113.10 

37.6991 

18 

254.47 

56.3487 

24 

452.39 

75-3982 


115-47 

38.0918 

i 

258.02 

56.9414 

i 

457-11 

75-7909 

i 

117.86 

38.4845 

i 

261.59 

57-3341 

i 

461.86 

76.1836 


120.28 

38.8772 

I 

265.18 

57-7268 

f 

466.64 

76.576s 

1 

122.72 

39.2699 

i 

268.80 

38-1193 

i 

471.44 

76.9690 

125.19 

39.6626 

s 

272.45 

58.5122 


476.26 

77.3617 

i 

127.68 

40.0553 

if 

276.12 

58.9049 

i 

481.II 

77-7544 

i 

130.19 

40.4480 

i 

279.81 

59-2976 

i 

485.98 

78.1471 


132.73 

40.8407 

■9 

283.53 

39-6903 

25 

490-87 

78.5398 

ir 

135-30 

41.2334 

i 

287.27 

60.0830 

i 

493-79 

78.9325 


137-89 

41.6261 


291.04 

60-4757 

i 

500.74 

79-3252 


140.50 

42.0188 

i 

294.83 

60.8684 

1 

505-71 

79.7179 

: • 

143-14 

42.4115 

i 

298.65 

61.2611 

i 

510.71 

80.1105 

j 

145.80 

42.8042 

1 

302.49 

61.6538 

S 

313-72 

80.5033 

j 

148.49 

43.1969 

f 

306.35 

62 .0465 

t 

520.77 

80.8960 

i 

151.20 

43-5896 

i 

310.24 

62.4392 


525-84 

81.2887 

14 

153-94 

43-9823 

20 

314.16 

62.8319 

26 

530.93 

81.6814 

4 

156.70 

44.3750 

i 

318.10 

63.2246 

i 

336.05 

82.0741 

4 

159.48 

44.7677 

i 

322.06 

63-6173 

i 

541-19 

82.4668 

i 

162.30 

45.1604 

i 

326.05 

64.0100 

i 

546.33 

82.8595 

4 

165.13 

45.5531 

i 

330.06 

64.4026 

i 

551-55 

83.2522 

1 

167.99 

45-9458 

S 

334.10 

64-7953 

t 

356.76 

83.6449 

1 

170.87 

46.3385 

i 

338.16 

65.1880 


562.00 

84.0376 

1 

473-78 

46.7312 

1 

342.25 

65.5807 

1 

567.27 

84-4303 


176.71 

47.1239 

21 

346.36 

65-9734 

27 

572-56 

84.8230 

4 

179.67 

47.5166 

i 

350.50 

66.3661 

J 

377-87 

85.2157 

t 

4f*-6S 

47.9093 

i 

354.66 

66.7588 

1 

583.21 

85.6084 

i 

185.66 

48.3020 

i 

358.84 

67-1515 

i 

588.57 

86.0011 

4 

188.69 

4S.6947 

i 

363.05 

67.5442 

i 

593-96 

86.3938 

f 

191.75 

49.0874 

f 

367.28 

67.9369 

i 

599.37 

86.7865 


194.83 

49.4801 

I 

371.54 

68.3296 

i 

604.81 

87.1792 

d 

497-93 

49.8728 

1 

.175.83 

68.7223 

i 

610.27 

87-5719 
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Areas and Circumferences of Circles from ioo to 1000 


Diam. 

Area. 

Circum. 

Diam. 

Area 

Circum. 

Diam. 

Area 

1 Circum. 

IOO 

7853.98 

1 

314.16 

150 

17671.46 

471.24 

200 

31415.93 

628.32 

lOI 

8011.85 

317.30 

151 

17907,86 

474.38 

201 

31730.87 

631.46 

102 

8171.28 

320.44 

152 

18145.84 

477.52 

202 

32047.39 

634.60 

103 

8332.29 

323.58 

153 

18385.39 

480.66 

203 

32365.47 

637.74 

104 

8494.87 

326.73 

154 

18626.50 

483.81 

204 

32685.13 

640.88 

los 

8659.01 

329.87 

15s 1 

18869.19 

486.9s 

205 

33006.36 

644-03 

106 

8824.73 

33301 

156 

19113.45 

490.09 

206 

33329-16 

647.17 

107 

8992.02 

336.15 

157 

19359.28 

493.23 

207 

33653-53 

650.31 

108 

9160.88 

339.29 

158 

19606.68 

496.37 

208 

33979.47 

653.45 

109 

9331.32 

342.43 

159 

19855.65 

499-51 

209 

34306.98 

656 59 

no 

9503.32 

345.58 

160 

20106.19 

502.65 

210 

34636.06 

659-73 

III 

9676.89 

348.72 

161 

20358.31 

505.80 

2II 

34966.71 

662.88 

II2 

9852.03] 

351.86 

162 

20611.99 

508.94 

212 

35298.94 

666.02 

II3 

10028.7s 

355.00 

163 

20867.24 

512.08 

213 

35632.73 

669.16 

II4 

10207.03 

358.14 

164 

21124.07 

515-22 

214 

35968.09 

672.30 

US 

10386.89 

361.28 

i6s 

21382.46 

518.36 

215 

36305.03 

675.44 

116 

10568.32 

364.42 

166 

21642.43 

521.50 

216 

36643.54 

678.58 

117 

10751.32 

367.57 

167 1 

21903.97 

524-65 

217 

36983.61 

681.73 

118 

10935.88 

370.71 

168 1 

22167.08 

527-79 

218 

37325.26 

684.87 

119 

11122.02 

373.85 

169 

22431.76 

530.93 

219 

37668.48 

688.01 

120 

11309.73 

376.99 

170 

22698.01 

53407 

220 

38013.27 

691.1s 

121 

11499.01 

380.13 

171 

22965.83 

537.21 

221 

38359-63 

694-29 

122 

11689.87 

383.27 

172 

23235.22 

540.35 

222 

38707.56 

697.43 

123 

11882.29 

386.42 

173 

23506.18 

543-50 

223 

39057-07 

700.58 

124 

12076.28 

389.56 

174 

23778.71 

546.64 

224 

39408.14 

703.72 

I2S 

12271.85 

392.70 

17s 

24052,82 

549.78 

225 

39760.78 

706.86 

126 

12468.98 

395.84 

176 

24328.49 

552-92 

226 

40115.00 

710.C0 

127 

12667.69 

398.98 

177 

24605.74 

556.06 

227 

40470.78 

713.14 

128 

12867.96 

402.12 

178 

24884,56 

559-20 

228 

40828.14 

716.28 

129 

13069,81 

405.27 

179 

25164,94 

562.35 

229 

41187.07 

710.42 

130 

13273.23 

408.41 

180 

25446.90 

565-49 

230 

41547.56 

722.57 

I3I 

13478.22 

411-55 

181 

25730.43 

568.63 

231 

41909.63 

725.71 

132 

13684.78 

414.69 

182 

26015.53 

571-77 

232 

42273.27 

728.8s 

133 

13892.91 

417.83 

183 

26302.20 

574-91 

233 

42638.48 

731-99 

134 

14102.61 

420.97 

184 

26590.44 

578.05 

234 

43005.26 

735.13 

13s 

14313.88 

424.12 

i8s 

26880.25 

581.19 

235 

43373-61 

738.27 

136 

14526.72 

427.26 

186 

27171.63 

584.34 

236 

43743-54 

741.42 

137 

14741.14 

430.40 

187 

27464.59 

587.48 

237 

44115.03 

744.56 

138 

14957.12 

433.54 

188 

27759.11 

590.62 

238 

44488.09 

747.70 

139 

15174.68 

436.68 

189 

28055.21 

593-76 

239 

44862.73 

750.84 

140 

15393.80 

439.82 

190 

28352.87 

596.90 

240 

45238.93 

753.98 

I4I 

15614.50 

442.96 

191 

28652.11 

600.04 

241 

45616.71 

757.12 

142 

15836.77 

446.11 

192 

28952.92 

603.19 

242 

45996.06 

760.27 

143 

16060.61 

449.25 

193 

29255.30 

606.33 

243 

46376.98 

763.41 

144 

16286.02 

452.39 

194 

29559.25 

609.47 

344 

46759.47 

766.55 

US 

16513.00 

455.53 

195 

29864.77 

612.61 

24s 

47143.52 

769.69 

146 

16741.55 

458.67 

196 

30171.86 

615.75 

246 

47529.16 

772.83 

147 

16971.67 

461.81 

197 

30480.52 

618.89 

247 

47916.36 

775.97 

148 

17203.36 

464,96 

198 

30790.75 

622.04 

248 

48305.13 

779.11 

149 

17436.62 

468.10 

199 

31102.55 

625.18 

249 

48695-47 

782.26 

i 


These tables have been limited t© 1,000 in the belief that this covers all 
the usual requirements. 

Should it be necessary to find the area or circumference of circles of larger 
diameter, it is only necessary to remember that areas increase with the 
square of the diameter and that the circumference increases directly with the 
diameter. In other words, doubling the diameter also doubles the circum¬ 
ference but increases the area four times. 
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Areas and Circumferences op Circles from ioo to iooo 


Diam. 

Area 

Circum. 

Diam. 

Area 

Circum. 

Diam. 

Area 

Circum. 

250 

49087.39 

785.40 

300 

70685.831 

042.48 

350 

96211.28 

1099.56 

251 

49480.87 

788.54 

301 

71157.86 

945.62 

351 

96761.84 

1102.70 

252 

49875.92 

791.68 

302 

716U.4S 

948.76 

352 

97313.97 

1105.84 

253 

50272.5s 

794-82 

303 

72106.62 

951.90 

353 

97867.68 

1108.98 

254 

50670.75 

797.96 

30 ^ 

72583-36 

955.04 

354 

98422.96 

1112.12 

255 

S1070.52 

801.II 

30s 

73061.66 

958.19 

355 

98970.80 

1115.27 

256 

51471.8s 

804.25 

306 

73541.54 

961.33 

356 

99538.22 

1118.41 

257 

51874.76 

807.39 

307 

74022.99 

964.47 

357 

100098.21 

1121.55 

258 

52279.24 

810.53 

308 

74506.01 

967.61 

358 

100659.77 

1124.69 

259 

52685.29 

813.67 

309 

74990.60 

970.75 

359 

101222.90 

1127.83 

260 

53092.92 

816.81 

310 

75476.76 

973.89 

360 

101787.60 

1130.97 

261 

53502 .II 

819.96 

311 

75964.50 

977.04 

361 

102553.87 

1134.11 

262 

53912.87 

823.10 

312 

76-453.80 

980.18 

362 

102921.72 

1137.26 

263 

54325.21 

826.24 

313 

76944.67 

983.32 

363 

103491.13 

1140,40 

264 

54739-11 

829.38 

314 

77437.12 

986.46 

364 

104062.12 

1143.54 

26s 

55154.59 

832.52 

31S 

77931-13 

989.60 

365 

104634.67 

1146.68 

266 

55571.63 

835.66 

316 

78426,72 

992.74 

366 

105208,80 

1149.82 

267 

55990.25 

838.81 

317 

78923.88 

995-88 

367 

105784.49 

1152.96 

268 

56410.44 

841.95 

318 

79422.60 

999.03 

368 

106361.76 

1156.11 

269 

56832.20 

845-09 

319 

79922.90 

1002.17 

369 

106940,60 

1159.25 

270 

57255.53 

848.23 

320 

80424.77 

1005.31 

370 

107521.01 

1162.39 

271 

57680.43 

851.37 

321 

80928.21 

1008.4s 

371 

108102.99 

1165.53 

272 

58106.90 

854-51 

322 

81433.22 

IOII.S 9 

372 

108686.54 

1168.67 

273 

58534.94 

857.65 

323 

81939.80 

1014.73 

373 

109271.66 

1171.81 

274 

58964.55 

860.80 

324 

82447.96 

1017.88 

374 

109858.35 

1174.96 

275 

59395-74 

863.94 

325 

82957.68 

1021.02 

375 

110446.62 

1178.10 

276 

59828,49 

867.08 

326 

83468.98 

1024.16 

376 

111036.45 

1181.24 

277 

60262.82 

870.22 

327 

839S1.84 

1027.30 

377 

111627.86 

1184.38 

278 

60698.711 

1 873.36 

328 

84496.28 

1030.44 

378 

112220.83 

1187.52 

279 

61136.18 

876.50 

329 

85012.28 

1033.58 

379 

112815.38 

1190.66 

280 

61575.22 

879.65 

330 

85529.86 

1036.73 

380 

113411,49 

1193-81 

281 

62015.82 

882.79 

331 

86049.01 

1039.87 

381 

114009.18 

1196.9s 

282 

62458.00 

885.93 

332 

86569.73 

1043.01 

382 

114608.44 

1200.09 

283 

62901.75 

889.07 

333 

87092.02 

1046.15 

383 

115209.27 

1203.23 

284 

63347.07 

892.21 

334 

87615.88 

1049.29 

384 

115811.67 

1206.37 

28s 

63793.97 

895.35 

335 

88141.31 

1052.43 

385 

116415.64 

1209.51 

286 

64242.43 

898.50 

336 

88668.31 

1055.58 

386 

117021.18 

1212.65 

287 

64692.46 

901,64 

337 

89196.88 

1058.72 

387 

117628.30 

1215.80 

288 

65144-07 

904.78 

338 

89727.03 

1061.86 

388 

118236.98 

1218.94 

289 

65597.24 

907.92 

339 

90258,74 

1065.00 

389 

118847.24 

1222.0S 

290 

66051,99 

911.06 

340 

90792.03 

1068.14 

390 

119459.06 

1225.22 

291 

66508.30 

914.20 

341 

91326.88 

1071.28 

391 

120072.46 

1228.36 

292 1 

66966.19 

917.35 

342 

91863.31 

1074.42 

392 

120687.42 

1231.50 

293 

67425.65 

920.49 

343 

92401.31 

1077.57 

393 

121303.96 

1234-65 

294 ! 

67886.68 

923-63 

344 

92940.88 

1080.71 

394 

121922.07 

1237.79 

295 

68349.28 

926.77 

345 

93482.02 

1083.85 

395 

122541.75 

1240.93 

296 

68813.45 

929.91 

346 

94024.73 

1086,99 

396 

123163.00 

1244.07 

297 

69279.19 

933.05 

347 

94569.01; 

1090.13 

397 

123785.82 

1247.21 

298 

69746.50 

936.19 

348 

95114.861 

1093.27 

398 

X24410.21 

1250.35 

299 

70215.38 

939.34 

349 

95662.28 

1096.42 

399 

125036.17 

1253.50 


IS 1,124. Halt ot 1124 IS 562. The table shows the area of 562 to be 
248,06^.30. Multiplying this by 4 gives 892,253.20. The circumference 
of 562 IS 1,765.58. Multiplying this by 2 gives 3,531.16. 

To find the area of 5,000, take the area of 1,000 from the table and multiply 
it by 25, because 25 is the square of 5. For the circumference multiply the 
circumference given in the table by 5. 




AREAS AND CIRCUMFERENCES 
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Areas and Circumferences op Circles from ioo to 1000 


Diam.j 

Area 

Circum. 

Diam. 

Area 

Circum. 

Diam. 

Area' 

Circum. 

400 

125663.71 

1256.64 

450 

159043.13 

1413.72 

500 

196349.54 

1570.80 

401 

126292.81 

1259.78 

451 

159750.77 

1416.86 

SOI 

197135-72 

1573.94 

402 

126923.48 

1262.92 

452 

160459.99 

1420.00 

502 

TQ7923.481 

1577.08 

403 

I 27 S 55-73 

1266.06 

453 

161170.77 

1423.14 

503 

198712,80! 

1580.22 

404 

128189.5s 

1269.20 

454 

161883.13 

1426.28 

S04 

199503.70 

1583.36 

40s 

128824.93 

1272.35 

455 

162597-05 

1429.42 

50s 

200296.17 

1586.50 

406 

129461.89 

1275.49 

456 

163312.5s 

1432.57 

506 

201090.20 

1589-65 

407 

130100.42 

1278.63 

457 

164029.62 

143S-71 

507 

201885.81 

1592.79 

408 

130740.52 

1281.77 

458 

164748.26 

1438-85 

508 

202682.99 

1595.93 

409 

131382.19 

1284.91 

459 

165468.47 

1441.99 

509 

203481.74 

1599.07 

410 

132025.43 

1288.05 

460 

166190.25 

1445-13 

Sio i 

204282.06 

1602.21 

4 II 

132670.24 

1291.19 

461 

166913 60 

1448.27 

511 

205083.95 

1605.35 

412 

133316.63 

1294.34 

462 

167638.53 

1451-42 

512 

205887.42 

1608.50 

413 

133964-58 

1297-48 

463 

16S365.02 

1454-56 

5 13 

206692.45 

1611.64 

414 

134614.10 

1300.62 

464 

169093.08 

1157-70 

S14 

207499.05 

1614.78 

41S 

135265.20 

1303.76 

465 

169822.72 

1460.84 

515 

208307.23 

1617,92 

416 

135917.86 

1306.90 

466 

170553-92 

1.463.98 

S16 

209116.97 

1621.06 


136572.10 

1310.04 

467 

171286.70 

1467.12 

517 

209928,20 

1624.20 

418 

137227.91 

1313-19 

468 

172021.05 

1470.27 

518 

210741.18 

1627.34 

419 

137885.29 

1316.33 

469 

172756.97 

1473.41 

519 

211555-63 

1630.49 

420 

138S44.2A 

1319-47 

470 

173494-45 

1476.5s 

520 

212371.66 

1633.63 

421 

139204.76 

1322.61 

471 

174233-51 

1479.69 

521 

213189.26 

1636.77 

422 

139866.85 

1325-75 

472 

174974-14 

1482.83 

522 

214008.43 

1639.91 

423 

140530.51 

1328.89 

473 

175716.35 

1485.97 

523 

214829.17 

1643.05 

424 

141195-74 

1332.04 

474 

176460.12 

1489.11 

524 

215651.49 

1646.19 

42s 

141862.54 

1335.18 

475 

177205.46 

1492,26 

52s 

216475.37 

1640.34 

426 

142530.92 

1338.32 

476 

177952.37 

1495.40 

526 

217300.82 

1652.48 

427 

143200.86 

1341-46 

477 

178700.86 

1498.54 

527 

218127.85 

1655.62 

428 

143872.38 

1344.60 

478 

179450.91 

1501.68 

528 

218956.44 

1658.76 

429 

144545.46 

1347.74 

479 

180202.54 

1504.82 

529 

219786.61 

1661.90 

430 

145220.12 

1350.88 

480 

180955.74 

1507.96 

530 

220618.34 

1665.04 

431 

145896.35 

1354-03 

481 

181710.50 

1511.II 

531 

221451.65 

1668,19 

432 

146574-15 

1357.17 

482 

182466.84 

1514-25 

532 

222286.53 

1671.33 

433 

147253-52 

1360.31 

483 

183224.75 

1517.39 

533 

223122.98 

1674.47 

434 

147934-46 

1363.45 

484 

183984.23 

1520.53 

534 

223961.00 

1677.61 

43 S 

148616.97 

1366.59 

485 

184745-28 

1523.67 

535 

224800.50 

1680.75 

436 

149301.05 

1369-73 

486 

185507.90 

1526.81 

536 

225641.7s 

1683.89 

437 

149986.70 

1372.88 

487 1 

186272.10] 

1529-96 

537 

226484.48 

1687.04 

438 

150673-93 

1376.02 

488 

187037.861 

1533.10 

538 

227328.79! 

1690.18 

439 

151362.72 

1379-16 

489 1 

187805.19 

1536.24 

539 

228174.66 

1693.32 

440 

152053.08 

1382.30 

490 

188574.10 

1539.38 

540 

229022.10 

1696.46 

441 

152745-02 

1385-44 

491 

189344-57 

1542.52 

541 

229871.12 

1699.60 

442 

153438.53 

1388.58 

492 

190116.62 

1545-66 

542 

230721.71 

1702.74 

443 

154133.60 

1391.73 

493 

190890.24 

1548.81 

543 

^31573-86 

1705.88 

444 

154830.2 s 

1394.87 

494 

191665.43 

1551.95 

544 

232427.59 

1709.03 

44 S 

155528.47 

1398.01 

495 

192442.18 

1555.09 

545 

233282.89 

1712.17 

446 

156228.26 

1401.15 

496 

193220.51 

1558.23 

546 

234139.76 

171S-31 

447 

156929.62 

1404.29 

497 

194000.41 

1561.37 

547 

234998.20 

1718.45 

448 

157632.55 

1407.43 

498 

194781.89 

1564.51 

548 

, 235858.21 

1721.59 

449 

158337.06 

1410.58 

499 

195564.93 

1567.65 

549 

236719.79 

1724-73 
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Areas and Circumferences op Circles from ioo to iooo 


Diam. 

Area 

Circum. 

Diam. 

i 

Area 

Circum. 

Diam. 

Area 

Circum. 

SSO 

237582.94 

1727.88 

600 

282743.34 

1884.96 

650 

331830.72 

2042.04 

SSI 

238447-67 

1731.02 

601 

! 283686.60 

1888.10 

651 

332852.53 

2045.18 

552 

239313-96 

1734.16 

602 

284631.44 

1891.24 

652 

333875.90 

2048.32 

553 

240181.83 

1737.30 

603 

! 285577.84 

1894.38 

653 

334900.8s 

2051.46 

554 

241051.26 

1740.44 

604 

286525.82 

1 1897.52 

654 

335927.36 

2054.60 

S 5 S 

241922.27 

1743.58 

60s 

1 287^75.36 

1 288426.48 

1900.66 

655 

336955.45 

2057.74 

2060.88 

556 

242794-85 

1746.73 

606 

1903.81 

656 

337985.10 

557 

243668.99 

1749.87 

607 

289379.17 

1906.9s 

657 

339016.33 

2064.03 

SS8 

244544.71 

1753-01 

608 

i 290333.43 

1910.09 

658 

340049.13 

2067.17 

559 

245422.00 

1756.15 

609 

291289.26 

1913.23 

659 

341083.50 

2070,31 

560 

246300.86 

1759.29 

610 

292246.66 

1916.37 

660 

342119.44 

2073-45 

S6i 

247181.30 

1762.43 

611 

293205.63 

1919.51 

661 

343156.9s 

2076.59 

562 

248063.30 

1765.58 

6i2 

294166.17 

1922.65 

662 

344196.03 

2079-73 

563 

248946.87 

1768.72 

613 

295128.28 

1925.80 

663 

345236.69 

2082,88 

564 

249832.01 

1771.86 

614 

296091.97 

1928.94 

664 

346278.91 

2086.02 

S6S 

250718.73 

1775.00 

615 

297057.22 

1932.08 

66s 

347322.70 

2089.16 

S66 

251607.01 

1778.14 

616 

1 298024.05 

1935-22 

666 

348368.07 

2092.30 

567 

252496.87 

1781.28 

617 

298992.44 

1938.36 

667 

1 349415.00 

2095.44 

S68 

253388.30 

1784.42 

618 

; 299962.41 

1941.50 

668 

350463.51 

2098.58 

569 

254281.29 

1787.57 

619 

1 300933.95 

1944.65 

669 

351513.59 

2101,73 

570 

255175-86 

1790.71 

620 

301907.05 

1947.79 

670 

352565.24 

2104.87 

571 

256072.00 

1793.85 

621 

1 302881.73 

1950.93 

671 

353618.45 

2108.01 

572 

256969.71 

1796.99 

622 

! 303857.98 

1954.07 

672 

354673.24 

2 III.IS 

573 

257868.99 

1800.13 

623 

304835.80 

1957-21 

673 

355729.60 

2114.29 

574 

258769.85 

1803.27 

624 

305815.20 

1960.35 

674 

356787.54 

2117.43 

575 

259672.27 

1806.42 

62s 

306796.16 

1963.50 

675 

357847.04 

2120.58 

576 

260576.26 

1809.56 

626 

307778.69 

1966.64 

676 

358908.11 

2123.72 

577 I 

261481.83 

1812,70 

627 

308762.79 

1969.78 

677 

359970.75 

2126.86 

578 1 

262388.96 

1815.84 

628 

309748.47 

1972.92 

678 

361034.97 

2130.00 

579 

263297.67 

i 1818.98 

629 

310735.71 

1976.06 

679 

362100.75 

2133.14 

s8o 

264207.94 

1822.12 

630 

311724.53 

1979.20 

680 

363168.11 

2136.28 

581 

265119.79 

1825.27 

631 

312714.92 

1982.3s 

681 

364237.04 

2139.42 

582 

266033.21 

1828.41 

632 

313706.88 

1985-49 

682 

365307.54 

2142.57 

583 

266948.20 

1831.55 

633 

314700.40 

i 1988.63 

683 

1 366379.60 

2145-71 

584 

267864.76 

1834,69 

634 

315695.50 

1991.77 

684 

367453.24 

2148.8s 

S8S 

268782.89 

1837.83 

63 s 

316692.17 

1994.91 

68s 

1 368528.45 

2151.99 

586 

269702.59 

1840.97 

636 

317690.42 

1998.0s 

686 

369605.23 

2155.13 

557 

270623.86 

1844.11 

637 

318690.23 

2001.19 

687 

370683.59 

2158.27 

588 

271546.70 

1847.26 

638 

319691.61 

2004.34 

688 

371763.51 

2161.42 

589 

272471,12 

1850,40 

639 

320694.56 

2007.48 

689 

372845.00 

2164.56 

500 

273397.10 

1853.54 

640 

321699.09 

2010.62 

690 

373028.07 

2167.70 

SQX 

274324.66 

1856.68 

641 

322705.18 

2013.76 

691 

375012.70 

2170.84 

592 

275253-78 

1859.82 

642 

323712.85 

2016.90 

692 

376098.91 

2173.98 

593 

276184.48 

1862.96 

643 

324722.09 

2020.04 

693 

377186.68 

2177.12 

594 

277116.75 

1866.11 

644 

325732.89 

2023.19 

694 

378276.03 

2180.27 

595 

278050.58 

1869.25 

645 

326745.271 

2026.33 

695 

379366.93 

2183.41 

596 

278985.99 

1872.39 

646 

327759.22 

2029.47 

696 

380459.44 

2186.55 

597 

279932.97 

1875.53 

647 

328774-74 

2032.61 

697 

381553.50 

2189.69 

598 

280861.52 

1 1878.67 

648 

329791.83 

2035.75 

698 

382649.13 

2192.83 

599 

281801.65 

1881.81 

649 

330810.49 

2038.89 

699 

383746.33 

2195.97 
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Areas and Circumferences of Circles from ioo to 1000 


Diam. 

Area 

Circum. 

Diam. 

Area 

Circum. 

Diam. 

Area 

Circum. 

700 

384845.10 

2199.11 

750 

441786.47 

2356.19 

800 

502654.82 

2513.27 

701 

385945.44 

2202.26 

751 

442965.35 

2359.34 

801 

503912.25 

2516.42 

702 

387047.36 

2205.40 

752 

444145.80 

2362.48 

802 

505171.24 

2519.56 

703 

388150.84 

2208.54 

753 

445327.83 

2365.62 

803 

506431.80 

2522.70 

704 

389255.90 

2211.68 

754 

446511.42 

2368.76 

804 

507693.94 

2525.84 

705 

390362.52 

2214.82 

755 

447696.59 

2371.90 

80s 

508957-64 

2528.98 

706 

391470.72 

2217.96 

756 

448883.32 

2375 04 

806 

510222.92 

2532.12 

707 

392580.49 

2221.II 

757 

450071.63 

2378.19 

807 

511489.77 

2535.27 

708 

393691.82 

22^4.25 

758 

451261.51 

2381.33 

808 

512758.19 

2538.41 

709 

394804.73 

2227.39 

759 

452452.96 

2384.47 

809 

514028.18 

2541.55 

710 

395919.21 

2230.53 

760 

453645.98 

2387.61 

810. 

515299.74 

2544.69 

711 

397035.26 

2233.67 

761 

454840.57 

2.300.7 s 

811 

516572.87 

2547.83 

712 

398152.89 

2236.81 

762 

456036.73 

2393.89 

812 

517847.57 

2550.97 

713 

399272.08 

2239.96 

763 

457234.46 

2307.04 

813 

519123.84 

2554-11 

714 

400392.84 

2243.10 

764 

458433.77 

459634.64 

2400.18 

814 

520401.68 

2557.26 

715 

401515.18 

2246.24 

765 

240^.32 


521681.10 

2560.40 

716 

402639.08 

2249.38 

766 

460837.08 

2406.46 

816 

522962.08 

2563.54 

717 

403764.56 

2252.52 

767 

462041.10 

2409.60 

817 

524244.63 

2566.68 

718 

404891.60 

2255.66 

768 

463246.69 

2412.74 

818 

525528.76 

2569.82 

719 

406020.22 

2258.81 

769 

464453.84 

2415.88 

819 

526814.46 

2572.96 

720 

407150.41 

2261.9s 

770 

465662.57 

2419.03 

820 

528101.73 

2576. II 

721 

408282.17 

2265.09 

771 

466872.87 

2422.17 1 

821 

529390.56 

2579.25 

722 

409415.50 

2268.23 

772 

468084.74 

2425.31 

822 

530680.97 

2582.39 

723 

410550.40 

2271.37 

773 

469298.18 

2428.45 

823 

531972.95 

2585.53 

724 

411686.87 

2274.51 

774 

470513.19 

2431.59 

824 

533266.50 

2588.67 

72s 

412824.91 

2277.65 

775 

471729.77 

2434-73 

82s 

534561.62 

2591.81 

726 

413964.52 

2280.80 

776 

472947.92 

2437.88 

826 

535858.32 

2594 96 

727 

415105.71 

2283.94 

777 

474167.65 

2441.02 

827 

537156.58 

2598.10 

728 

416248.46 

2287.08 

778 

475388.94 

2444.16 

828 

538456.41 

2601.24 

729 

417392.79 

2290.22 

779 

476611.81 

2447.30 

829 

539757.82 

2604.38 

730 

418538.68 

2293.36 

780 

477836.24 

2450.44 

830 

541060.79 

2607.52 

731 

419686.15 

2296,50 

781 

479062.25 

2453.58 

831 

542365.34 

2610.66 

732 

420835.19 

2299.65 

782 

480289.83 

2456.73 

832 

543671.46 

2613.81 

733 

421985.79 

2302.79 

783 

481518.97 

2459.87 

833 

544979-15 

2616.9s 

734 

423137.97 

2305.93 

784 

482749.69 

2463.01 

834 

546288.40 

2620.09 

735 

424291.72 

2309,07 

78s 

1 483981.98 

2466.15 

835 

547599.23 

2623.23 

736 

425447.04 

2312.21 

786 

1 485215.84 

2469.29 

836 

548911.63 

2626.37 

737 

426603.94 

2315.35 

787 

486451.28 

2472.43 

837 

550225.61 

2629.51 

738 

1 427762.40 

2318.50 

788 

487688.28 

2475.58 

838 

551541.15 

2632.6s 

739 

428922.43 

2321.64 

789 

488926.85 

3478.72 

839 

552858.26 

2635.80 

740 

430084.03 

2324.78 

790 

490166.99 

2481.86 

840 

554176.94 

2638.94 

741 

431247.21 

2327.92 

791 

491408.71! 

2485.00 

841 

555497.20 

2642.08 

742 

432411.95 

2331.06 

792 

492651.99 

2488.14 

842 

556819.02 

2645.22 

743 

433578.27 

2334.20 

793 

493896.85 

2491.28 

843 

558142.42 

2648.36 

744 ' 

434746.16 

2337-34 

794 

495143.28 

2494.42 

844 

559467.39 

2651.50 

745 

435915.62 

2340.49 

795 

496391.27 

2497.57 

845 

560793.92 

2654.65 

746 

437086.64 

2343.63 

796 

497640.84 

2500.71 

846 

562122.03 

2657.79 

747 

438259.24 

2346.77 

797 

498891.98 

2503.85 

847 

563451.71 

2660.93 

748 

439433.41 

2349.91 

798 

500144.69 

2506.99 

848 

564782.96 

2664.07 

749 

440609.16 

2353-OS 

799 

501398.97 

2510.13 

849 

566115.78 

2667.21 
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Areas and Circumferences of Circles from ioo to iooo 


Diam. 

Area 

Circum. 

Diam. 

Area 

Circum. 

Diam. 

Area 

Circum. 

850 

567450.17 

2670.35 

900 

636172.51 

2827.43 

950 

708821.84 

2984.51 

8.S1 

568786.14 

2673-50 

901 

637587.01 

2830.58 

951 

710314.88 

2987.65 

852 

570123.67 

2676.64 

902 

639003.09 

2833.7a 

952 

711809.50 

2990.86 

853 

571462.77 

2679-78 

903 

640420.73 

2836.86 

953 

713305.68 

2093.94 

854 

572803.4s 

2682.92 

904 

641839.9s 

2840.00 

954 

714803.43 

2997.08 

8-;^ 

574145.69 

2686.06 

90s 

643260.73 

2843.14 

955 

716302.76 

3000.22 

856 

575489.51 

2689.20 

906 

644683.09 

2846.28 

956 

'717803.66 

3003.36 

857 

576834-90 

2692.34 

907 

646107.01 

2849.42 

957 

719306.12 

3006.50 

858 

578181.85 

2695.49 

908 

647532.51 

2852.57 

9 S 8 

720810.16 

3009.65 

859 

579530.38 

2698.63 

909 

648959.58 

2855.71 

959 

722315.77 

3012.79 

860 

580880.48 

270X.77 

910 

650388.22 

2858.85 

960 

723822.9s 

3015.93 

861 

582232.15 

2704.91 

911 

651818.43 

2861.99 

961 

725331.70 

3019.07 

862 

583585-39 

2708.0s 

912 

653250.21 

2865.13 

962 

726842.02 

3022.21 

86.^ 

584940.20 

2711.19 

913 

654683.56 

2868.27 

963 

728353.91 

3025.35 

864 

586296.59 

2714-34 

914 

656118.48 

2871.42 

964 

1 729867.37 

3028.50 

865 

587654-54 

2717.48 

91S 

657554.98 

2874.56 

96s 

731382.40 

3031.64 

866 

589014.07 

2720.62 

916 

658993.04 

2877.70 

966 

732899.01 

3034.78 

867 

590375.16 

2723.76 

917 

660432.68 

2880.84 

967 

734417.18 

3037.92 

868 

591737-83 

2726.90 

918 

661873.88 

2883.98 

968 

735936.93 

3041.06 

869 

593102.06 

2730.04 

919 

663316.66 

2887.1a 

969 

737458.24 

3044.20 

870 

594467.87 

2733.19 

920 

664761.01 

2890.27 

970 

738981.13 

3047.34 

871 

595835.25 

2736.33 

921 

666206.92 

2893.41 

971 

740505.59 

3050.49 

872 

597204.20 

2739.47 

922 

667654.41 

2896.55 

973 

742031.62 

3053.63 

873 

598574-72 

2742.61 

923 

669103.47 

2899.69 

973 

743550.22 

3056.77 

874 

599946.81 

2745-75 

924 

670554.10 

2902.83 

974 

745088.39 

3059-91 

875 

601320.47 

2748.89 

92s 

672006.30 

2905.97 

975 

746619.13 

3063.05 

876 

602695.70 

2752.04 

926 

673460.08 

2909.11 

976 

7481^1.44 

3066.19 

877 

604072.50 

2755.18 

927 

674915.42 

2912.26 

977 

749685.32 

3069.34 

878 

605450.88 

2758.32 

928 

676372.33 

2915.40 

978 

751220.78 

3072.48 

879 

606830.82 

2761.46 

929 

677830.82 

2918.54 

979 

752757.80 

3075.62 

880 

608212.34 

2764.60 

930 

679290.87 

2921.68 

080 

754296.40 

3078.76 

881 

609595.42 

2767.74 

931 

680752.50 

2924.82 

981 

755836.59 

3081.90 

882 

610980.08 

2770.88 

932 

682215.69 

2927.96 

982 

757378.30 

3085.04 

883 

612366.31 

2774.03 

933 

683680.46 

2931.11 

983 

758921.61 

3088.19 

884 

6137s4.11 

2777.17 

934 

685146.80 

2934.2 s 

984 

760466.48 

3091.33 

885 

615143.48 

2780.31 

935 

686614.71 

3937.39 

985 

762012.93 

3094.47 

886 

6165.54-42 

2783.4s 

936 

688084.19 

2940.53 

986 

763560.9s 

3097.61 

887 

617926.93 

2786.59 

937 

689555.24 

2943.67 

987 

765110.54 

3100.7s 

888 

619321.01 

2789.73 

938 

691027.86 

2946.81 

988 

766661.70 

3103.89 

889 

620716.66 

2792.88 

939 

692502,05 

2049.96 

989 

7682x4.44 

3107.04 

890 

622x13.89 

2796.02 

940 

693977.82 

2953.10 

990 

769768.74 

3110.18 

891 

623512.68 

2799.16 

941 

695455.15 

2956.2^ 

991. 

771324.61 

3113.32 

892 

624913-04 

2802.30 

942 

696934.06 

2959.38 

992 

772882.06 

3ii6.a6 

893 

626314.98 

2805.44 

943 

698414.53 

2962.52 

903 

774441.07 

3119.W 

804 

627718.49 

2808.58 

944 

699896.58 

2965.66 

994 

776001.66 

3122.74 

89s 

629123.56 

2811.73 

945 

701380.19 

2^8.81 

995 

777563.82 

3125.88 

896 

630530.21 

2814.87 

046 

702865.38 

2971.9s 

996 

779127.54 

3129.03 

897 

631938.43 

2818.01 

947 

704352.14 

297509 

997 

780692.84 

3132.17 

8^ 

633348.22 

2821.15 

948 

705840.47 

2978.23 

998 

782250.71 

3135.31 

899 

1 634759.58 

2824.29 

949 

707330.37 

2981.37 

999 

liooo 

783828.15 

785398.16 

3138.45 

3141.59 
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Circumferences and Diameters of Circles 


Cir- 

cum. 

Diameter 

Cir- 

cum. 

Diameter 

Cir- 

cum. 

Diameter 

Cir- 

cum. 

Diameter 

I 

.3183 

SI 

16.2338 

101 

32.1493 

151 

48.0648 

2 

.6366 

52 

16.5521 

102 

32.4676 

152 

^.3831 

3 

.9549 

53 

16.8704 

103 

32.7859 

153 

48.7014 

4 

1.2732 

54 

17.1887 

104 

33.1042 

154 

490197 

5 

I-S 9 IS 

55 

17.5070 

105 

33.4225 

155 

49.3380 

6 

1.9099 

56 

17.8254 

106 

33.7408 

156 

49.6563 

7 

2.2282 

57 

18.1437 

107 

34.0592 

157 

49.9747 

8 

2.5465 

<8 

18.4620 

108 

34.377s 

158 

50.2930 

9 

2.8648 

59 

18.7803 

109 

34.6958 

159 

50.6113 

xo 

3.1831 

60 

19.0986 

no 

35.0141 

160 

50.9296 

XX 

3.5014 

61 

19.4169 

III 

35.3324 

161 

51.2479 

12 

3.8197 

62 

19.7352 

II 2 

35.6507 

162 

51.5662 

13 

4.1380 

63 

20.0535 

II3 

35.9690 

163 

51-8845 

14 

4.4563 

64 

20.3718 

114 

36.2873 

164 

52.2028 

IS 

4.7746 

6S 

20.6901 

115 

36.6056 

165 

52.5211 

16 

5 0930 

66 

21.0085 

I16 

36.9239 

166 

52.8394 

17 

5.4113 

67 

21.3268 

117 

37.2423 

167 

53-1578 

18 

5.7296 

68 

21.6451 

ir8 

37.5606 

168 

53-4761 

19 

6.0479 

69 

21.9634 

119 

37.8789 

169 

53.7944 

20 

6.3662 

70 

22.2817 

120 

38.1972 

170 

54-1127 

2 X 

6.684s 

71 

22.6000 

121 

38.5155 

171 

54.4310 

22 

7.0028 

72 

22.9183 

122 

38.8338 

172 

54-7493 

*3 

7.32IX 

73 

23.2366 

123 

39.1521 

173 

SS-0676 

24 

7.6394 

74 

23.5549 

124 

39.4704 

174 

55.3859 

35 

7.9577 

75 

23.8732 

125 

39.7887 

175 

55.7042 

26 

8.276X 

76 

24.1916 

126 

40.1070 

176 

56.0225 

27 

8.5944 

77 

24.5099 

127 

40.4254 

177 

56.3408 

28 

8.9127 

78 

24.8282 

128 

40.7437 

178 

56.6592 

29 

9.2310 

79 

25.1465 

129 

41.0620 

179 

56.9775 

30 

9.5493 

80 

25.4648 

130 

41.3803 

180 

57.2958 

31 

9.8676 

81 

25-7831 

I3I 

41.6986 

181 

57-6141 

32 

10,1859 

82 

26.1014 

132 

42.0169 

182 

57.9324 

33 

10.5042 

83 

26.4197 

133 

42.3352 

183 

58.2507 

34 

10.8225 

84 

26.7380 

134 

42.6535 

184 

58.5690 

35 

11.1408 

85 

27.0563 

135 

42.9718 

185 

58.8873 

36 

11.4592 

86 

27.3747 

136 

43-2901 

186 

59.2056 

37 

11.7775 

87 

27.6930 

137 

43.6085 

187 

59.5239 

38 

12.0958 

88 

28.0113 

138 

43-9268 

188 

59.8423 

39 

X2.4141 

89 

28.3296 

139 

44.2451 

189 

60.1606 

40 

12.7324 

90 

, 28.6479 

X40 

44.5634 

190 

60.4780 

41 

13.0507 

91 

28.9662 

I4I 

44.8817 

191 

60.7972 

42 

13.3690 

92 

29.284s 

142 

45.2000 

192 

61.11SS 

43 

13.6873 

93 

29.6028 

143 

45-5183 

193 

61.4338 

44 

14.0056 

94 

29.92x1 

144 

45-8366 

194 

61.7521 

45 

14.3239 

95 

30.2394 

145 

46.1549 

195 

62.0704 

46 

14.6423 

96 

30.5577 

146 

46.4732 

196 

62.3887 

47 

14.9606 

97 

30.8761 

147 

46.7916 

197 

62.7070 

48 

15.2789 

98 

31.1944 

148 

47.1099 

198 

63.0254 

49 

15,5972 

99 

31.5127 

149 

47.4282 

199 

! 

50 

15.915s 

100 

31.8310 

ISO 

47.746s 

200 

1 63.6620 



IIS6 GENERAL REFERENCE TABLES 

Reciprocals of Numbers from i to iooo 


No. 

Reciprocal 

No. 

Reciprocal 

No. 

Reciprocal 

No. 

Reciprocal 

z 

1 .00000000 

51 

.01960784 

lOI 

.00990099 

151 

.00662252 

2 

.50000000 

52 

.01923077 

102 

.00980392 

152 

.00657895 

3 

.33333333 

S 3 

.01886792 

103 

.00970874 

153 

■00653595 

4 

.25000000 

54 

.01851852 

104 

.00961538 

154 

.00649351 

5 

.20000000 

55 

.01818182 

105 

.00952381 

155 

.00645161 

6 

.16666667 

56 

.01785714 

106 

.00943396 

156 

.00641026 

7 

.14285714 

57 

.01754386 

107 

.00934579 

157 

.00636943 

8 

.12500000 

58 

.01724138 

108 

.00925926 

158 

.00632911 

9 

.iiriiiii 

59 

.01694915 

109 

.00917431 

159 

.00628931 

lO 

.10000000 

60 

.01666667 

no 

.00909091 

160 

.00625000 

II 

.ogoQogog 

61 

.01639344 

in 

.00900901 

161 

.00621118 

za 

.08333333 

62 

.01612903 

112 

.00892857 

162 

.00617284 

13 

.07692308 

63 

.01587302 

113 

.00884956 

163 

.00613497 

14 

.07142857 

64 

.01562500 

114 

.00877193 

164 

.00609756 

IS 

.06666667 

65 

.01538461 

IIS 

.00869565 

16s 

.00606061 

i6 

.06250000 

66 

.01515151 

116 

.00862069 

166 

.00602410 

17 

.05882353 

67 

.01492537 

117 

.00854701 

167 

.00598802 

i8 

.05555556 

68 

.01470588 

118 

.00847458 

168 

.00595238 

19 

.05263158 

69 

.01449275 

119 

.00840336 

169 

.00591716 

20 

.05000000 

70 

.01428571 

120 

.00833333 

170 

.00588235 

21 

.04761905 

71 

.01408451 

121 

.00826446 

171 

.00584795 

22 

•04545455 

72 

.01388889 

122 

.00819672 

172 

.00581395 

23 

.04347826 

73 

.01369863 

123 

.00813008 

173 

.00578035 

24 

.04166667 

74 

.01351351 

124 

.00806452 

174 

.00574713 

25 

.04000000 

75 

.01333333 

125 

.00800000 

175 

.00571429 

26 

.03846154 

76 

.01315789 

126 

.00793651 

176 

.00568182 

27 

.03703704 

77 

.01298701 

127 

.00787402 

177 

.00564972 

23 

.03571429 

78 

.01282051 

128 

.00781250 

178 

.00561798 

29 

.03448276 

79 

.01265823 

129 

.00775194 

179 

.00558659 

30 

.03333333 

80 

.01250000 

130 

.00769231 

180 

.00555556 

31 

.03225806 

81 

.01234568 

131 

•00763359 

181 

.00552486 

32 

.03125000 

82 

.01219512 

132 

.00757576 

182 

.00549451 

33 

.03030303 

83 

.01204819 

133 

.00751880 

183 

.00546448 

34 

.02941176 

84 

.01190476 

134 

.00746269 

184 

.00543478 

35 

.02857143 

85 

.01176471 

135 

.00740741 

185 

.00540540 

36 

.02777778 

86 

.01162791 

136 

.00735294 

186 

.00537634 

37 

.02702703 

87 

.01149425 

137 

.00729927 

187 

.00534759 

38 

.02631579 

88 

.01136364 

138 

.00724638 

188 

.00531914 

39 

.02564103 

89 

.01123595 

139 

.00719424 

i8q 

.00529100 

40 

.02500000 

90 

.OIllIIII 

140 

.00714286 

190 

.00526316 

41 

.02439024 

91 

.01098901 

141 

.00709220 

191 

.00523560 

42 

.02380952 

92 

.01086956 

142 

.00704225 

192 

.00520833 

43 

.02325581 

93 

.01075269 

143 

.00699301 

193 

.00518135 

44 

.02272727 

94 

.01063830 

144 

.00694444 

194 

.00515464 

45 

.02222222 

95 

.01052632 

14s 

.00689655 

195 

.00512820 

46 

.02173913 

96 

.01041667 

146 

.0068493 I 

196 

. .00510204 

47 

.02127660 

97 

.01030928 

147 

.00680272 

197 

.00507614 

48 

.02083333 

98 

.01020408 

148 

.00675676 

198 

.00505051 

49 

.02040S16 

99 

.OIOIOIOI 

149 

.00671141 

199 

.00502513 

SO 

.02000000 

100 

.01000000 

150 

.00666667 

200 

.00500000 
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Reciprocals of Numbers from i to 1000 


No. 

Reciprocal 

No. 

Reciprocal 

No. 

Reciprocal 

No. 

Reciprocal 

201 

.00497512 

251 

.00398406 

301 

.00332226 

351 

.00284900 

202 

.00495049 

252 

.00396825 

302 

.00331126 

352 

.00284091 

203 

.00492611 

253 

.00395257 

303 

.00330033 

353 

.00283286 

204 

.00490196 

254 

.00393701 

304 

.00328947 

354 

.00282486 

205 

.00487805 

255 

.00392157 

305 

.00327869 

355 

.00281690 

206 

.00485437 

256 

.00390625 

306 

.00326797 

356 

.00280899 

207 

.00483092 

257 

.00389105 

307 

.00325733 

357 

.00280112 

208 

.00480769 

258 

.00387597 

308 

.00324675 

358 

.00279330 

20Q 

.00478469 * 

259 

.00386100 

309 

.00323625 

359 

.00278551 

210 

.00476190 

260 

.00384615 

310 

.00322581 

360 

.00277778 

211 

.00473934 

261 

.00383142 

311 

•00321543 

361 

.00277008 

212 

.00471698 

262 

.03381679 

312 

.00320513 

362 

.00276243 

213 

.00469484 

263 

.00380228 

313 

.00319489 

363 

-00275482 

214 

.00467290 

264 

.00378788 

314 

.00318471 

364 

.00274725 

215 

.00465116 

265 

.00377358 

315 

.00317460 

36s 

.00273973 

216 

.00462963 

266 

.00375940 

316 

.00316456 

366 

.00273224 

217 

.00460829 

267 

.00374532 

3 T 7 

.00315457 

367 

.00272480 

218 

.00458716 

268 

.00373134 

318 

.00314465 

368 

.00271739 

2 IQ 

.00456621 

269 

.00371747 

319 

.00313480 

369 

.00271003 

220 

.00454545 

270 

.00370370 

320 

.00312500 

370 

.00270270 

221 

.00452489 

271 

.00369004 

321 

.00311526 

371 

.00269542 

222 

.00450450 

272 

.00367647 

322 

.00310559 

372 

.00268817 

223 

.00448430 

273 

.00366300 

323 

.00300597 

373 

.00268096 

224 

.00446429 

274 

.00364963 

324 

.00308642 

374 

.00267380 

225 

.00444444 

275 

.00363636 

325 

.00307692 

375 

.00266667 

226 

.00442478 

276 

.00362319 

326 

.00306748 

376 

.00265957 

227 

.004405 29 

277 

.00361011 

327 

.00305810 

377 

.00265252 

228 

.00438596 

278 

.00359712 

328 

.00304878 

378 

.00264550 

229 

.00436681 

279 

.00358423 

329 

.00303951 

379 : 

.00263852 

230 

.00434783 

280 

.00357143 

330 

.00303030 

380 : 

.00263158 

231 

.00432900 

281 

.00355872 

331 

.00302115 

381 1 

.00262467 

232 

.00431034 

282 

.00354610 

332 

.00301205 

382 

.00261780 

233 

.00429184 

283 

.00353357 

333 

.00300300 

383 

.00261097 

234 

.00427350 

284 

.00352113 

334 

.00299401 

384 

.00260417 

235 

.00425532 

285 

.00350877 

335 

.00298507 

385 

.00259740 

236 

.00423729 

286 

.00349650 

336 

.00297619 

386 

.00259067 

237 

.00421941 

287 

.00348432 

337 

.00296736 

387 

.00258398 

238 

.00420168 

288 

.00347222 

338 

.00295858 

388 

.00257732 

239 

.00418410 

289 

.00346021 

339 

.00294985 

389 

.00257069 

240 

.00416667 

290 

.00344828 

340 

.00294118 

390 

.00256410 

241 

.00414938 

291 

.00343643 

341 

.0029325s 

391 

.00255754 

242 

.00413223 

292 

.00342466 

342 

.00292398 

392 

.00255102 

243 

.00411523 

293 

.00341297 

343 

.00291545 

393 

.00254453 

244 

.00409836 

294 

.00340136 

344 

.00290698 

394 

.00253807 

245 

.00408163 

295 

.00338983 

345 

.00289855 

395 

.00253165 

246 

.00406504 

296 

.00337838 

346 

.00289017 

396 

.00252525 

247 

.00404858 

297 

.00336700 

347 

.00288184 

397 

.00251^9 

248 

.00403226 

298 

.00335570 

348 

.00287356 

398 

.00251256 

249 

.00401606 

299 

.00334448 

349 

.00286533 

399 

.00250627 

250 

.00400000 

300 

.00333333 

350 

.00285714 

400 

.00250000 




GENERAL REFERENCE TABLES 


1158 


Reciprocals of Numbers from ioo to 1000 


No. 

Reciprocal 

No. 

Reciprocal 

No. 

Reciprocal 

No. 

Reciprocal 

40X 

.00249377 

451 

.00221729 

501 

.00199601 

551 

.00x81488 

403 

.00248756 

452 

.00221239 

502 

.00199203 

552 

.0018x159 

403 

.00248139 

453 

.00220751 

503 

.00198807 

553 

.00180832 

404 

.00247525 

454 

.00220264 

504 

.00198413 

554 

.00180505 

40s 

.00246914 

455 

.00219780 

505 

.00198020 

555 

.00180180 

406 

.00246305 

456 

.00219298 

506 

.00197628 

550 

.00179856 

407 

.00245700 

457 

.00218818 

507 

.00197239 

557 

.00179533 

408 

.00245098 

458 

.00218341 

508 

.00196850 

sss 

.0017921X 

409 

.00244499 

450 

.00217865 

509 

.0019646a 

559 

.00178891 

410 

.00243902 

460 

.00217391 

510 

.00196078 

560 

.00178571 

411 

.00243309 

461 

.00216920 

511 

.00195695 

S6i 

.00178253 

4 M 

.00242718 

46a 

.00216450 

512 

.00195312 

562 

.00177936 

413 

.00242131 

463 

.00215983 

S13 

.00194932 

563 

.00177620 

414 

.00241546 

464 

.00215517 

S14 

.00194552 

564 

.00177305 

4IS 

.00240964 

46s 

.00215054 

515 

.00194175 

56s 

.00176991 

416 

.00240385 

466 

.00214592 

516 

.00193798 

566 

.00176678 

417 

.00239808 

467 

.00214133 

517 

.00193424 

567 

.00176367 

418 

.00239234 

468 

.00213675 

518 

.00193050 

568 

.00176056 

419 

.00238663 

469 

.00213220 

519 

.00192678 

569 

.00175747 

420 

.00238095 

470 

.00212766 

520 

.00192308 

570 

.00175439 

421 

.00237530 

471 

.00212314 

521 

.ooi 9 ig 3 Q 

571 

.00175131 

422 

.00236967 

472 

.00211864 

522 

.00191571 

572 

.00174825 

423 

.00236407 

473 

.00211416 

523 

.00191205 

573 

.00174520 

424 

.00235849 

474 

.00210970 

524 

.00190840 

574 

.00174216 

42s 

.00235294 

475 

.00210526 

525 

.00190476 

575 

.00173913 

426 

.00234742 

476 

.00210084 

526 

.00190114 

576 

.00173611 

427 

.00234192 

477 

.00209644 

527 

.00189753 

577 

.00173310 

428 

.0023364s 

478 

.00209205 

528 1 

.00189394 

578 

.00173010 

429 

.00233100 

479 

.00208768 

529 ‘ 

.00189036 

579 

.0017271a 

430 

.00232558 

480 

.00208333 

530 

,00188679 

580 

.00172414 

431 

.00232019 

481 

.00207900 

531 

.00188324 

581 

.00172117 

432 

.00231481 

482 

.00207469 

532 

.00187970 

582 

.00171821 

433 

.0023094.7 

483 

.00207039 

533 

.00187617 


.00171527 

434 

.00230415 

484 

.00206612 

534 

.00187266 

584 

.00171233 

435 

.00229885 

485 

.00206186 

535 

.00186916 

585 

.00170940 

436 

.00229358 

486 

.00205761 

536 

.00186567 

586 

.00170648 

437 

.00228833 

487 

.00205339 

537 

.00186220 

587 

.00170358 

438 

.00228310 

488 

.00204918 

538 

.00185874 

588 

.00170^8 

439 

.00227790 

489 

.00204499 

538 

.00185528 

589 

.00169779 

440 

.00227273 

490 

.00204082 

540 

.00185185 

590 

.00169491 

441 

.00226757 

491 

.00203666 

541 

.00184843 

591 

.00169205 

442 

.00226244 

492 

.00203252 

542 

.0018450a 

59a 

.00168919 

443 

.00225734 

493 

.00202840 

543 

.00184162 

593 

.00168634 

444 

.00225225 

494 

.00202429 

544 

.00183823 

594 

.00168350 

445 

.00224719 

495 

,00202020 

545 

,00183486 

595 

.00168^7 

446 

.00224215 

496 

.00201613 

546 

.00183150 

596 

.00167785 

447 

.00223714 

497 

.00201207 

547 

.00182815 

597 

.00167504 

448 

.00223214 

498 

.00200803 

548 

.00182482 

598 

.00167224 

449 

-00222717 

499 

.00200401 

549 

.00182149 

599 

.00166945 

450 

.00222222 

500 

.00200000 

550 

.00181818 

600 

.00166667 
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Reciprocals of Numbers from i to icx>o 


No. 

Reciprocal 

No. 

Reciprocal 

No. 

Reciprocal 

No. 

Reciprocal 

6oi 

.00166389 

651 

.00x536x0 

701 

.00142653 

751 

.00133x56 

602 

.001661x3 

652 

.00153374 

702 

.00142450 

752 

.00x32979 

603 

.00165837 

653 

.00x53140 

703 

.00142247 

753 

.00x32802 

604 

.00x65563 

654 

.00152905 

704 

.00142045 

754 

.00x32626 


.00x65289 

6SS 

.00152672 

70s 

.00141844 

755 

.00x32450 

606 

.00x65016 

656 

.00x52439 

706 

.0014x643 

756 

.00x32275 

607 

.0016474s 

657 

.00152207 

707 

.0014x443 

757 

.00x32x00 

608 1 

.00164474 , 

658 

.00x5x975 

708 

.00x4x243 

7 s 8 

.00x3x926 

609 

.00x64204 

659 

.0015x745 

709 

.0014x044 

759 

.0013x752 

610 

.00163934 

660 

.00151515 

710 

.00x40845 

760 

.0013x579 

61X 

.00163666 

66r 

.00x5x286 

7x1 

.00140647 

76r 

.00x3x406 

6 x 3 

.00x63399 

663 

.00x5x057 

7x2 

.00140449 

762 

.00131234 

6x3 

.00x63132 

663 

.00x50830 

713 

.00x40252 

763 

.00x3x062 

614 

.00162866 

664 

.00x50602 

714 

.00140056 

764 

,00x30890 

615 

.00162602 

665 

.00x50376 

71S 

.00x39860 

76s 

.001307x9 

6x6 

.00x62338 

666 

.00x50x50 

7x6 

.00x39665 

766 

.00x30548 

6x7 

.00x62075 

667 

.00x49925 

717 

.00139470 

767 

.00x30378 

6x8 

.00x6x8x2 

668 

.00x49701 

7x8 

.00139276 

768 

.00130208 

619 

.0016x551 

669 

.00x49477 

7x9 

.00139082 

769 

.00x30039 

630 

.00161290 

670 

.00149254 

720 

.00138889 

770 

.00x29870 

631 

.00x6x031 

671 

.00x49031 

721 

.00x38696 

771 

.00129702 

633 

.00160772 

672 

.00x48809 

722 

.00138504 

772 

.00x29534 

633 

.00x605x4 

673 

.00x48588 

723 

.00138313 

773 

.00129366 

634 

.00160256 

674 

.00x48368 

724 

,00x38x21 

774 

.00129199 

635 

.00x600^ 

67s 

.00x48x48 

72s 

.00137931 

775 

.00129032 

626 

. 00 X 59744 

676 

.00x47929 

726 

.00137741 

776 

.00128866 

627 

.00159490 

677 

.00x477x0 

727 

.00137552 

777 

.00128700 

628 

.00159236 

678 

.00x47493 

728 

.00137363 

778 

.00128535 

629 

.00x58982 

679 

.00147275 

729 

.00137174 

779 

.00128370 

630 

.00x58730 

680 

.00147059 

730 

.00136986 

780 

.00128205 

631 

.00x58479 

681 

.00146843 

731 

.00136799 

781 

.00128041 

632 

.00158228 

682 

.00146628 

732 

.00136612 

782 

.00127877 

633 

.00x57978 


.00x464x3 

733 

.00136426 

783 

.001277x4 

634 

.00x57729 

684 

.00x46199 

734 

.00136240 

784 

.00127551 

635 

.00x57480 

685 

1 .00x45985 

735 

.00136054 

78s 

.00x27388 

636 

.00157233 

686 

.00145773 

736 

.00135870 

786 

.00127226 

637 

.00156986 

687 

.00x45560 

737 

.00135685 

787 

.00127065 

638 

.00x56740 

688 

.00145349 

738 

.00x35501 

788 

.00126904 

630 

.00x56494 

689 

.00x45137 

739 

•00x35318 

789 

.00126743 

640 

.00x56250 

690 

.00x44927 

740 

.00x35135 

790 

.00x26582 

641 

.00x56006 

691 

.00144718 

741 

.00134953 

791 

.00126422 

643 

.00x55763 

692 

.00x44509 

742 

.00x34771 

792 

.00x26263 

643 

•00x55521 

693 

.00x44300 

743 

.00x34589 

793 

.00x26x03 

644 

.00x55279 

694 

.00x44092 

744 

.00x34409 

794 

. 00 X 25945 

645 

•00x55039 

69s 

.00143885 

745 

.00x34228 

795 

.00x25786 

646 

.00154799 

696 

.00143678 

746 

.00x34048 

796 

.00125628 

647 

.00x54559 

697 

.00x43472 

747 

.00x33869 

797 

.00x25470 

648 

.00x54321 

698 

.00143266 

748 

.00x33690 

798 

.00x25313 

649 

.00x54083 

699 

.00x43061 

749 

.00133511 

>99 

.00x25156 

650 

.00x53846 

700 

.00x42857 

750 

.00133333 

800 

•00125000 
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Reciprocals of Numbers from i to iooo 


No. 

Reciprocal 

No. 

Reciprocal 

No. 

Reciprocal 

No. 

Reciprocal 

8oi 

.00124844 

851 

.00117509 

901 

.00110088 

951 

.00105152 

802 

.ooi24688 

852 

.00117371 

902 

.00110865 

952 

.00105042 

803 

.00124533 

853 

,00117233 

903 

.00110742 

953 

.00104932 

804 

.00124378 

854 

.00117096 

90; 

.00110619 

954 

,00104822 

805 

.00124224 

855 

.00116959 

905 

.OOI 10497 

955 

.00104712 

806 

.OOI 24069 

856 

.00116822 

906 

.00110375 

956 

.00104602 

807 

.00123916 

857 

.00116686 

907 

.00110254 

957 

.00104493 

808 

.00123762 

858 

.00116550 

908 

.00110132 

958 

.00104384 

8og 

.00123609 

859 

.00116414 

909 

.0011001I 

950 

.00104275 

810 

.00123457 

860 

,00116279 

910 

.00109890 

960 

.00104167 

811 

.00123305 

861 

.00116144 

911 

.00109769 

961 

.00104058 

812 

.00123153 

862 

.00116009 

912 

.00109649 

962 

.00103950 

813 

.00123001 

863 

.00115875 

913 

.00109529 

963 

.00103842 

814 

.00122850 

864 

.00115741 

914 

.00109409 

964 

.00103734 

815 

.00122699 

865 

.00115607 

91S 

.00109290 

965 

.00103627 

816 

.00122549 

866 

.00115473 

916 

.00109170 

966 

.00103520 

817 

.00122399 

867 

.00115340 

917 

.00109051 

967 

.00103413 

818 

.00122249 

868 

.00115207 

918 

.00108932 

968 

.00103306 

819 

.00122100 

869 

.00115075 

919 

.00108814 

969 

.00103199 

820 

.00121951 

870 

, .00114942 

920 

.00108696 

970 

.00103093 

821 

.00121803 

871 

.00114811 

921 

.00108578 

971 

.00102987 

822 

.00121654 

872 

.00114679 

922 

.00108460 

972 

.00102881 

823 

.00121507 

873 

.00114547 

923 

.00108342 

973 

.00102775 

824 

.00121359 

874 

.00114416 

924 

.00108225 

974 

.00102669 

82s 

.00121212 

87s 

.00114286 

925 

.00108108 

975 

.00102564 

826 

.00121065 

876 

.00114155 

926 

.00107991 

976 

.00102459 

827 

.00120919 

877 

.00114025 

927 

.00107875 

977 

.00102354 

828 

.00120773 

878 

.00113895 

928 

.00107759 

978 

.00102250 

829 

.00120627 

879 

.00113766 

929 

.00107643 

979 

.00102145 

830 

.00120482 

880 

.00113636 

930 

.00107527 

980 

.00102041 

831 

.00120337 

881 

.00113507 

931 

.00107411 

981 

.00101937 

832 

.00120192 

882 

.00113379 

932 

.00107296 

982 

.00101833 

833 

.00120048 

883 

.00113250 

933 

.00107181 

983 

.00101729 

834 

.00119904 

884 

.00113122 

934 

.00107066 

984 

.00101626 

83s 

.00119760 

885 

.00112994 

935 : 

.00106952 

985 

.00101523 

836 

.00119617 

886 

.00112867 

936 

.00106838 


.00101420 


.00119474 

887 

.00112740 

937 

.00106724 

987 

.00101317 

838 

.00119332 

888 

.00112613 

938 

.00106610 

988 

.00101215 

839 

.00119189 

889 

.00112486 

939 

.00106496 

989 

.00101112 

840 

.001x9048 

890 

.00112360 

940 

.00106383 

990 

.00101010 

841 

.00118906 

891 

.00112233 

941 

.00106270 

991 

.00100908 

842 

.00118765 

892 

.00112108 

942 

.00106157 

992 

.00100806 

843 

.00118624 

893 

.00111982 

943 

.00106044 

903 

,0010070s 

844 

.00118483 

894 

.00111857 

944 

.00105932 

994 

.00100604 

84s 

.00118343 

895 

.00111732 

945 

.00105820 

995 

.00100502 

846 

.00118203 

896 

.00111607 

946 

.00105708 

996 

.00100402 


.00118064 

897 

.00111483 

947 

.00105597 

997 

.00100301 

848 

.00117924 

898 

.00111359 

948 

.00105485 

998 

.00100200 

849 

.00117786 

899 

.00111235 

949 

.00105374 

1 999 

.00100100 

850 

.00117647 

900 

.OOIIIIII 

950 

.00105263 

1000 

1 

.00100000 



SECTION XXV 


AUTOMOTIVE DATA 

Considerable information relating to automotive practice will be 
found in other sections, as it seems best to put S.A.E. threads, bolts, 
nuts, splined and serrated shafts, steels, etc., with other data on the 
same subject. Some of this was formerly given in this section but 
has been placed elsewhere with similar data to make it more easily 
available to all. This section is entirely automotive material 
although it by no means represents all the information on auto¬ 
motive subjects. 

AUTOMOBILE ENGINE PISTONS 
Aluminiim Alloy 

This simply outlines general shop products as a guide in making 
replacement parts. Definite clearances used by automobile makers 
arc given later. 

The main advantage of the aluminum or other light-alloy piston 
lies in its light weight, which is approximately half that of cast iron, 
on the average. The head conducts heat more rapidly than cast 
iron, but the metal is not so good for a wearing surface. Ford 
uses a very light steel-alloy piston. 

Clearance. —Many aluminum pistons have the skirt split at a 
slight angle to allow for expansion; the angle prevents leaving a 
ridge in the cylinder. The clearance is about the same as for cast 
iron, 0.001 inch per inch of cylinder diameter, for water-cooled 
engines. The clearance of the top land is 0.005 inch, the second 
and third, 0.003 to 0.004 inch per inch of diameter. 

Ring Fits. —The clearance recommended for the piston rings in 
the groove is from 0.001 to 0.0015 inch. This can be measured with 
a feeler. The gap in the ring is the same as for cast-iron pistons. 

Machining. —Aluminum pistons are usually rough turned with¬ 
out lubricant at from 400 to 500 surface feet per minute. A cut 
inch deep and a feed of 0.025 inch per revolution are good 
practice. The tool should be keen and have about 15-degree top 
rake, about the same side clearance, and 5-degree face clearance 
with a slightly rounded corner. Diamonds are sometimes used in 
finishing. 

Grooves are cut with a parting tool as close to the tool post as 
possible and with plenty of side clearance. Top rake is about 15 
degrees, and front clearance about 5 degrees. For roughing the 
grooves, run at 300 feet per minute, and leave 0.005 l^^ch on each 
side for finishing. Stone the tool carefully, and run at 500 feet per 
minute. 

Z161 
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Piston-Pin Holes.—Piston- or wrist-pin holes should be bored 
with from 0.003 to 0.005 inch left for reaming. 

Grinding is recommended for finishing, a 40-crystolon wheel or 
its equivalent being used with a lubricant of one part kerosene and 
two parts mineral lard oil. If finished with a tool, use 500 feet per 
minute and 0.010- to 0.015-inch feed per revolution with tool point 
flat enough to cover feed. 

Gap or Clearance between Ends. —Piston rings should clear the 
cylinder bore and have a proper gap between the ends. It is better 
to have gaps too large than too small. Rings having an angle cut 
should have 0.002-inch gap per inch of diameter for the top ring, 
half this for the second ring, and about 0.00075 inch per inch of 
diameter for the third ring. Some fit the lower rings and rings in 
the skirt with ends touching, but a slight gap is more common 
practice. 

With rings having a step cut instead of an angle cut, a greater 
gap between the ends is permissible, as the ends lap by each other. 

For air-cooled motors some recommend about double the gap 
clearance given above. 


Cast Iron 

Clearance in Cylinder Bore. —A clearance of 0.001 inch for each 
inch of cylinder diameter may be called standard practice for piston 
skirts. For taxi, truck and tractor motors many recommend an 
extra 0.001 inch on the total, that is, a 4-inch piston should have a 
clearance of 0.004 plus an extra 0.001 or 0.005 i*^ch total clearance. 
Some air-cooled motors require a little more clearance. 

The clearance refers to the diameter of the skirt of the piston 
below the lowest ring in the head. The “lands” between the rings 
are smaller in diameter because of the greater heat and expansion 
due to the piston head. The top land should have 0.0035 inch 
clearance per inch of diameter, while the second land should have a 
clearance of 0.002 inch per inch of diameter. 

If feelers are used to measure the clearance between the piston 
and cylinder wall, instead of inside and outside micrometers, an 
allowance must be made for the stiffness of the feeler or its resist¬ 
ance to bending. It is recommended that 0.001 inch be allowed for 
this, that is, if a feeler 0.002 inch goes in, the real clearance is 0.001 
greater or 0.003 inch. 

Standard Oversize Pistons and Rings 

Standard oversize pistons and rings are recommended by makers 
of passenger car, truck, motorboat, tractor, industrial, and airplane 
engines. These are oversizes of 0.003, o 0.010,0.015, and 0.030 
inch. Some tractor and other heavy-duty engines also suggest 
0.040 inch. If larger sizes are considered necessary, they are to 
be held in multiples of 0.010 inch. 

Piston rings are held to the same oversizes except that the 0.003 
inch is omitted. 
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Fits and Clearances of Pratt & Whitney Aircraft Engines 

Wasp H-i and Hornet E 


Description of Clearance 


Pin, knuckle—insert, knuckle pin. 

Shaft, propeller—bearing, bronze. 

Tappet—roller, tappet (side clearance). 
Tappet—guide, tappet. 

Piston and cylinder clearance—Wasp 

Piston and cylindef clearance—Hornet 

E.... 

Link rod—bushing, piston pin. 

Piston pin and piston. 

Bearing, master rod—master rod. 

Crankpin—bearing, master rod hornet. 
Crankpin—bearing, master rod wasp. . 
Master rod bearing and crankshaft— 

end clearance. 

Master rod and link rod—end clearance. 

Pin, knuckle—master rod. 

Pin, knuckle—bushing, link rod. 

Link rod—bushing, link rod. 

Bearing, rear main—liner, crankcase 

rear main. 

Bearing, roller—hub, bell gear. 

Bearing, rear main—crankshaft. 

Impeller—blower. 

Generator drive, backlash. 

Cup, valve rocker—rocker, valve. 

Pin, tappet roller—tappet. 

Roller, tappet—pin, tappet roller. 

Bushing, valve rocker shaft—head, 

cylinder (large end). 

Cylinder barrel—max. taper or out of 

round. . 

Rear bearing, int. shaft—outer liner, 

rear bearing. 

Rear bearing, int. shaft—inner liner, 

rear bearing. 

Shaft, inter.—inner liner, int. shaft rear 

bearing,..... . . 

Front bearing, int. shaft—bearing 

support..... 

Front bearing, int. shaft—shaft, int. . .. 

Crankshaft—hub, bell gear O.D. 

Crankshaft—hub, bell gear I.D. 

Crankshaft—hub, bell gear W.D. 

Hub, pinion—shaft propeller O.D. 

Hub, pinion—shaft propeller I.D. 

Hub, pinion—shaft propeller W.D. 

Gear, pinion backlash. 

Pinion gear—end clearance. 

Bearing, bronze—crankshaft. 

Bearings; support—crankcase, main. 

Gear, pinion—bushing, pinion red. gear. 


Mini¬ 

mum 

Maxi¬ 

mum 

Replacement 

0 ooosT 

0 002T 

0 004 

0. oo.^L 

0.oosL 

0.006 

0.008L 

0.020L 


Light hand push 

0.003 fit at 



room temp. 

0.020L 

0.024L 

0 030 

0 028L 

0 032L 

0.038 

0.0015T 1 

0 oo4sT 

♦ 

Light hand push 

0 003 fit at 



room temp. 

0.0015T 

0.0035T 

♦ 

0.005L 

0.0055L 

0.0075 

0.0045L 

0.005L 

0.0075 

0.010 

0 .0T4 

0.020 

0.0()6L 

0 008L 

0.014 

0.0007T 

0.0015T 

♦ 

0 0015L 

0 0025L 

0.004 

o.ooisT 

0 004sT 

♦ 

0 0002L 

0.0017L 

0.004 

0.0012T 

0 000 


0 0012T 

0 0002L 

0 001 

0.025L 

0 03 sL 

0.045 

0.004 

0.012 


0.000 

0.0025T 

♦ 

0.000 

0.002L 

0 003 

0.0005L 

0 0025L 

0 004 

o.ooiT 

0.004T 

♦ 



0.006 

0.0008L 

0,002L 

0 002 

0. ooosT 

I 

0,O002L 

0.001 

0.0005T 

0.0005L 

0.002 

0.0000 

0.0009L 

0.0015 

0.0004T 

0 0002L 

0.001 

0.003L 

0.015L 


o.ossL 

0.069L 


0.0015L 

0.0005T 


0.003L 

0 01 sL 


0.0035L 

0 0049L 


0. ooiL 

0.ooosT 


0.006 

0.012 

0.018 

0.010 

0.016 

0.020 

0.002T 

0.004T 

* 

0.003T 

0.ooiL 


0. ooiT 

0.002ST 



Note. —These are average service fits recommended by the makers. The 
letters L and T mean loose and tight by the amounts shown. 
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Typical Clearances in Automobile Engines 


Pistons: 

Top land. 

Bottom of skirt. 

Piston rings—average gap. 

Piston pin. 

Connecting rod: 

Crankpin bearing. 

Side play. 

Crankshaft, main bearings 

Valve stem in guide. 

Valve-tappet clearance; 

Intake. 

Exhaust. 


Inches 

. 0.0165 to 0.026 
. 0.0005 to 0.0027 
. 0.010 to 0.014 
. 0.0001 to 0.0005 

. 0.0010 to 0.0020 
. 0.0050 to 0.0157 
. 0.0010 to 0.0030 
. 0.0015 to 0.0025 

0.006 to 0.015 hot 
0.008 to 0.016 hot 


Fits and Tolerance 
Ford 85 Horse-Power Engine 


Inches 

Cylinder block bore. 3.0625 to 3.0635 

Piston diameter. 3.062 to 3.060 

Fit. 0.0005 to 0.0035 

Main bearing insert diameter. 2.399 to 2.4005 

Main bearing diameter. 2.399 to 2.398 

Fit. 0.000 to 0.0025 

Connecting-rod bearing bore. 2.2195 to 2.2200 

Connecting-rod insert (outside diameter). 2.218 to 2.217 

Fit. 0.0015 to 0.0030 

Piston wrist-pin bore. 0.7503 to 0.7506 

Wrist-pin. o. 7504 to o. 7501 

Fit. o. 0003 to o. 0009 

Connecting-rod wrist-pin bore. 0.7503 to 0.7506 

Wrist pin. o.7504 to o.7501 

Fit. 0.0001 to 0.0005 

Piston ring, first groove width.0.0940 to 0.0950 

Piston ring, compression width. 0.0920 to 0.0915 

Fit. 0.0020 to 0.0035 

Piston ring, second groove width. o o935 to 0.0945 

Piston ring, compression width. 0.0920 to 0.0915 

Fit... 0.0015 to 0.0030 

Piston ring, oil-groove width. 0.1565 to 0.1575 

Piston ring, oil width.. o. 1550 to o. 1545 

Fit.. 0.0005 to 0.0030 

Connecting-rod insert, inside diameter. 1.998 to 1.9995 

Connecting-rod crankshaft bearing. i -999 to 1.998 

Fit. 0.001 to 0.0015 

Total clearance between connecting-rod bearing 

bore and crankshaft bearing. 0.0005 to 0.004S 
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Fits and Tolerance for Lincoln Zephyr Engine 

Inches 

Main bearing. 0.0015 to 0.0035 loose 

Crankpins.0.0015 to 0.0030 loose 

Cam bearings. o 0015 to 0.0030 loose 

Tappet in cylinders.0.0005 to 0.0015 loose 

Valve in guide.0.0015 to o 0035 loose 

Wrist pins in connecting rods.0.0005 0.0001 tight 

Wrist pins in piston. 0.0003 to 0.0009 loose 

Piston in cylinder-cylinder bore. 2.750 diameter 


Pistons are machined in sizes varying by 0.0005 inch and selected 
for the cylinder bore. Each piston must require 5 to 8 pounds pull 
in its cylinder with a 0.002-incii shim between piston and cylinder 
wall. 
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STANDARD CLASSIFICATION OF REPAIRS 
TO LOCOMOTIVES AND TENDERS 

To Be Used, Beginning June i, 1918, by All Carriers 
FOR Reporting Repairs to Locomotives Made 
AT Their Various Shops 
AND Roundhouses 

Since nearly all railroad shop work is the repairing of motive 
power and rolling stock it is of interest to know just how these 
repairs are classified. The designation of locomotive repairs as 
outlined by the United States Railroad Administration in 1918 is 
still followed. There are five classes of repairs as follows: 

Class X 

New boiler or new back end. Flues new or reset. 

Tires turned, or new. 

General repairs to machinery and tender. 

Class 2 

New firebox, or one or more shell courses, or roof sheet. 

Flues new or reset. 

Tires turned or new. 

General repairs to machinery and tender. 

Class 3 

Flues all new or reset (superheater flues may be excepted). 

Necessary repairs to firebox and boiler. 

Tires turned or new. 

General repairs to machinery and tender. 

Class 4 

Flues part or full set. 

Light repairs to boiler or firebox. 

Tires turned or new. 

Necessary repairs to machinery and tender. 

Class 5 

Tires turned or new. 

Necessary repairs to boiler, machinery, and tender, including one or more 
pairs of driving-wheel bearings refitted. 

General repairs to machinery will include driving wheels removed, tires 
turned or changed, journals turned, if necessary, and all driving boxes and 
rods overhauled for a full term of service. 

Running repairs unclassified. 

Suffix A to ^ny class of repairs will indicate that the repairs are required 
on account accident. 

1166 



TIRES 


1167 


Suffix B will show the initial application of stoker. 

Suffix C will indicate the initial application of superheater. 

Suffix D will indicate the initial application of outside-valve gear. 

Suffix E will indicate locomotive was converted from compound to simple, 
or from one type to another. 

Mallet locomotives will be indicated by a star following classification. 

Locomotives receiving class i, 2, or 3 repairs must be put in condition 
to perform a full term of service in the district and class of service in which 
they are to be used. 

Locomotives receiving class 4 repairs must be put in condition to perform 
not less than one-half term of service in the district and class of service in 
which they are to be used. 

Locomotives receiving class S repairs must be put in condition to perform 
not less than one-fourth term of service in the district and class of service in 
which they are to be used. 

t 

Much information that can be applied to railroad work will be 
found in nearly every section of this handbook, and it seems best to 
put only that which pertains directly to railroads in this section. 

BORING AND TURNING TIRES 

Tire turning and boring vary on different railroads. Much of 
this difference is due to the equipment. Tire steel is very hard, 
and only machines that are rigid and powerful can cut it at high 
speeds. A few examples of tire boring and turning from several 
well-known shops are given in Tables i and 2. By the use of 
modern boring mills and special tools, one road rough-bores tires 
at 292 and finishes at 320 feet per minute. Tire turning is much 
slower because of the way in which mounted tires are held and 
driven. 


Table i.—Condensed Tire Boring Tool Data 


Size of 
Tool Body, 
in Inches 

Top 

Rake of 
Tool, in 
Degrees 

Clearance 
at Point, 
in Degrees 

Cutting Speed, Feet 
per Minute 

Feed per 
Revolution 

Rough¬ 

ing 

Finishing 

Rough¬ 

ing 

Finishing 

lix li 

8 

6 

^5 

25 

i 

i 

li X 1} 

12 

10 

15 

15 

i 

i 

I X li 

6 

6 

14 

12 

i 

i 

li X li 

18 

5 

23 

23 


¥ 

li X li 

8-10 

7 

40 

40 

i 

t 

1X2 

5 

7 

55 

50 

i 

1 

I X I 

IS 

6 

28 

28 

A 

A 

li X 3 

6 

4 

30 

30 

rV 


lix li 

2 

7 

30 

30 

t 

i 


Compare the top rake, side clearance, speeds, and feeds to appre¬ 
ciate the extreme variations. 

Typical tire boring and turning tools are shown in Figs, i and 2, 
The speeds and feeds are shown in the tables. On modern wheel 
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Table 2.—Tire Turning Data 


Size of Tool 
Body in Inches 

Top Rake 
of Tool, 
Degrees 

Clearance 
at Point, 
Degrees 

Cutting Speed 

Feet per Minute 

Feed per 
Revolution 
in Inches, 
Roughing 

Roughing 

Finishing 

2i X 2i 

5 

3 i 

17 

17 

i 

2 X 3 

12 

IS 

16-18 

18 

i 

li X 3 

2 

4 

II 

II 

i X i 

li X 3 

8 

6 

16 

12 

i 

li X 3 

5 

5 

15 

15 

1 

8 

li X 4 

2 

7 ! 

SO 

45 

i 

4 X 3 

12 

6 

15 

10 

A 

4X3 

2 

5 

15 

17 

1 


lathes a roughing feed of i inch is common, the finish being done 
with form tools as shown. Figure 2 shows the tools used by a 






c r<: 

Fig. I. —Tire Boring Tools 


prominent railroad, which conform with the standards of the 
Association of American Railroads, formerly the Railway Master 
Mechanics. The form tools must be made in pairs, for right and 
left wheels. Both flanges can be roughed with the same tool, but 
two tools are used in finishing the tread, one for the flange and the 
other for rounding the outer edge. Two finishing tools are shown. 

General Instructions for Shimming Locomotive Wheel Centers 

The minimum diameter for a driving-wheel center is usually at dimension 
A, and the maximum''diameter at dimension B, Pig. 3. 

Wheel centers that are i inch or less in diameter out of round may be 
corrected by the use of shims which are furnished in thicknesses of A* 

and A inch. 

Not more than two thicknesses of shims may be used, and when two are 
reauired, one must extend entirely around the wheel center. Shims equal 
in length to one-quarter of the wheel center circumference may be applied 
at locations XY or LM, or both, to compensate for the amount the wheels 
are out of round. 
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Fig. 3.—Shimming Driving-Wheel Centers 
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Gating pofnf 




Normctf 
^ flange 

" normal freacl-fiyr\'^~-lA -> 
Taping line T'^^—-^— 


Taper J*'fn20'{ 
Base lin e 


^'■ApproKimaie 
only, exact oilmen^" 
s/on ts^p. ISI2S"based 

on rim width ^ 

..... 



Vertical reference line~-‘ 



Fig. 4.—For Engine and Tender Trucks, Trailers, and Flanged 
Locomotive Driving Tires 


IS" . 
mm.- 

Cr/ticg! 

Une-'^ 


r\ Xiondemning limit 

New treadi f ‘'\ ! 


/^'-.JyewVread 

nnin. | 

“ h Critical 

''- f 

l^mm. 1 


FIG.A Une-^ FIG.B 
^ , . .Steel Tire . Steel Tire 

Retaining Ring Fastening Shrinkage Fastening Only 


\ \ Condemning limit'-C\ 
'y-<: .New tread / ' 

.-/>. lifninA 


Cr/fical V'^' 

line- 


New tread B^^senger 

.- cars and 

fenders^ 



FI6.C 

Steel Tire 

Retaining Ring Fastening 


Measuring 

line 


Fig. 5.- 


FIO.D 

Steel Wheel 

Wear Allowances of Different Types of Steel Tires; as 
Revised in 1923 and 1937 
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/'/ 




r V Y 




.--#'•. 4 .-^ 

Fig. 6 . —Standard Plain Tire 


Ul 
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Driving-wheel centers that are more than i inch diameter out of round are 
to be built up and trued. 

Driving-wheel centers that are more than J inch diameter less than normal, 
when measured on their longest diameter, are to be built up and turned to 
normal diameter. 

Truck-wheel centers are rarely out of round, but when such a condition is 
to exist, the above limitations and instructions for driving-wheel centers are 
to be followed. 

Truck-wheel centers that are more than J inch diameter less than normal 
are to be built up and turned to normal diameter. 



Chart for Turning Piston Rods, 
Crank-pins or Axles. Diameters are 
given at the left. Revolutions per 
minute at the bottona—surface speed of 
work shown by curved lines. Example 
—How fast must a 10-in. crank-pin 
revolve to' give a cutting speed of 
40 ft per min. Follow horizontal line 
from 10 in. to curve marked 40. Fol¬ 
low vertical line from intersection 
with curve and get 15 r.p.m. at bottom. 
Reverse this to find cutting speed 
when r.p.m. ia known. 


5 to 15 20 25. 30 35 40 45 50 55 60 65 10 

Revolution per Minute of Work 

Fig. 8.— Chart for Turning Crankpins, Axles, Etc. 


Multiples of the cutting speeds shown in Fig. 8 can be easily 
used if necessary. A lo-inch pin, for example, must run 30 revolu¬ 
tions per minute to give 80 feet cutting speed. 

Charts giving necessary revolutions per minute to secure the 
desired cutting speeds are shown in Figs. 7 and 8. 
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Table 3.—Minimum Thickness for Driving-Wheel and Trailer 
Tires on Standard and Narrow-Gage Locomotives 


Weight per Axle 


Minimum Thickness, 
Service Limits in Inches 

(Weight on Drivers Divided by 
Number of Pairs of 
Driving Wheels) 

Wheel Center 
in Inches 

Road 

Switching 



Service 

Service 


30,000 pounds and under. 

< 

44 and under 
Over 44 to 50 
Over so to 56 
Over 56 to 62 
Over 62 to 68 
Over 68 to 74 
Over 74 

I iV 

I Ar 
li 

G 

IA 
li 

I A 

Over 30,000 to 35.000 pounds. . . 

44 and under 

I A 

1A 


Over 44 to 50 

li 

li 


Over 50 to 56 

I tV 

IA 


Over 56 to 62 

ih 

li 


Over 62 to 68 

I A 



Over 68 to 74 

li 



Over 74 

tH 


Over 35,000 to 40,000 pounds. .. 

44 and under 

If 

li 


Over 44 to 50 

I Ti 

I A 


Over 50 to 56 

G 

If 


Over 56 to 62 

1 tV 

I A 


Over 62 to 68 

li 



Over 68 to 74 

iH 



Over 74 

i2 


Over 40,000 to 45.000 pounds... 

44 and under 

I VV 

1 A 


Over 44 to 50 

li 

If 


Over so to 56 

I 

IA 


Over 56 to 62 

If 

li 


Over 62 to 68 




Over 68 to 74 

li 



Over 74 

rli 


Over 45,000 to 50,000 pounds.,. 

44 and under 

li 

if 


Over 44 to so 

lA 

I A 


Over so to 56 

If 

li 


Over 56 to 62 

iH 

I A 


Over 62 to 68 

li 



Over 68 to 74 

iH 



Over 74 

li 


Over 50,000 to 55.000 pounds... 

44 and under 

I A 

I A 


Over 44 to 50 

li 

li 


Over 50 to 56 

iH 

I A 


Over 56 to 62 

li. 

If 


Over 62 to 68 

7 H 



Over 68 to 74 

li 



Over 74 



^ver 55.000 pounds. 

44 and under 


li 


Over 44 to so 

I H 

I A 


Over 50 to 56 

li 



Over sb to 62 

iH 

iH 


Over 62 to 68 

If 



Over 68 to 74 

iH 



Over 74 

a 



Interstate Commerce Commission, 
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SHRINKAGE OF TIRES 


Length of Shims 

Full 

Ft. In. 

H.-c«. 

tT •'t O'OOOH 0 rf ro '!}■ fO fO ro 

H M MHIMtHM MHHMIHHM 

Short 
Ft. In. 

00 00 ooooo 0 00 e*i 00 rOfOfOro 

ro fO pO (n fO rO fO fO rO 

Shrinkage 
Allowance, 
in Inches 

0 065 

0.065 

0.075 

0.075 

0.091 

0.048 

0.075 

0.065 

0.056 

0.065 

0.056 

0.056 

0.056 

0.056 

Diameter 
of Wheel 
Center, 
in Inches 

0 0 NfiN'tN OOvOOOOO 

10 U)U>lO»OlOlOlO 

Diameter of Tires, in Inches | 

Inside 

Finished 

l/^ m tntO OiN to tT) rt tT) r)- Tt Tf 

PC po po'PtPO^'t'pr'T 

O' O' O'O'O'O' O' O' 0 O' 0 CK O' 

XT) irt mmmpom u^ 0 '»^ 0 ' 0 ' 0 ' 0 ' 

10 \f> 0 10 Tf v/^ ■'t't 't 

Inside 

Rough 

as as asa5,«^t5 as as sis as asasasas 

XT) \n MMMfOM »O 0 '‘O 0 ' 0 ' 0 ' 0 ' 

Outside 

Rough 

N N ooOOOO ><tOP<'Ooor*i^ 

'O 'O 'O t'-OO 'O ^ IA>10«0»0 

Bald Tires 

Width, 
in Inches 

. . . . t>. t>. . . . 

No. 


Flange Tires 

Width, 
in Inches 

ur> VO IO*VO to *t0 to to to to'to'^ 

No. 

ja ja 
rt nJ 

00 00 ^ -O O ■^00 P» 00 'O 0 ^0 <0 <5 PS 0 

I-, V, mm m m m 

K a 

c 

1 

Class 

< <j «<: <<<!<:< 


Note.—T olerance of ± 0.005 inch to be allowed for the finished inside diameter of tires. 

Shrinkage allowance to be made to agree with the tabulated values as nearly as shims will permit. 
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Table 5.—Trailing-Wheel Tires 


Flang 
in 1 

e Tires, 
nches 

Diameter of Tires, in 
Inches 

Diam¬ 
eter of 
Wheel 
Center, 
in 

Inches 

Shrink¬ 
age Al¬ 
low¬ 
ance, 
in 

Inches 

Length of 
Shims 

No. 

Width 

Outside 

Rough 

Inside 

Rough 

Inside 

Fin¬ 

ished 

Short, 

in 

Inches 

Full. 
Ft. In. 

4 

per 

5 h 

31 

24li 

24 974 

25 

0 026 

I 9 l 

6 6i 

cab 

4 


« 







S 

Sh 

34 

27 H 

27.971 

28 

0 029 

22 

7 3 H 

2 

Si 

42 

3 SH 

35 962 

36 

0.038 

28i 

9 5 ^ 

2 

si 

S6 

49 H 

49 944 

50 

0 056 

33 i 

13 I* 

2 

4 

Si 

42 

35 H 

35 962 

36 

0 038 

281 

9 5 A 

2 

si 

43 

3 SH 

35 - 9^2 

36 

0.038 

281 

9 SiV 

2 

si 

3it 

24 iV 

24.225 

24 i 

0.02525 

19 

6 4l 

2 

si 

44 

37 A 

37.960 

38 

0.040 

29 l 

9 III 


Table 6.—Truck-Wheel Tires 


Flange Tires, 
in Inches 

Diameter of Tires, in 
Inches 

Diam. 

of 

Wheel 
Centei, 
in 

Inches 

! 

Shrink¬ 
age Al¬ 
low¬ 
ance, 
in 

Inches 

Length of 
Shims 

No. 

Width 

Out¬ 

side 

Rough 

Inside 

Rough 

Inside 

Fin¬ 

ished 

Short, 

in 

Inches 

Full, 
Ft. In. 

4 

Si 

34 

27 H 

27.971 

28 

.029 

22 

7 3 H 

4 

2 

Si 

36 

27 H 

27.971 

28 

.029 

1 22 

1 7 3 H 

2 


31 

24 H 

! 24.974 

25 

.026 

i 9 i 

6 61 

i 

4 

sj 


27 

27.971 

28 

.029 

22 

7 3 

H 

4 

Si 

28 

21 H 

21.977 

22 

.023 

i 7 i 

S 0 

A 

4 

si 

31 

24 H 

-’1 974 

25 

. 026 

iqI 

6 6 j 

i 

2 

5 ? 

31I 

24 iV 

24.225 

24 i 

.02525 


6 4 

t 

2 


31I 

241V 

24 225 

24 i 

.02525 

19A 

6 4 J 

i 


si 

3 ii 

24 A 

24 225 

241 

.02525 

I 9 i^ 

6 41 



Heating Tires for Shrinking on Wheel Centers 

Tires, when heated for application to or removal from wheel 
centers, should be heated slowly and uniformly around their entire 
circumference, and the heat applied indirectly so as to avoid the 
impingement of flames against the surface of the tires. A tempera¬ 
ture of 500 to 6oo°F. is sufficient for tires of any size, and in no 
ca.se should tires be heated hotter than 800''F., which is somewhat 
below the lowest visible red heat. Before placing tires on wheel 
centers, the bore must be clean and free from soot, rust, fins, and 
other obstructions 
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When in place on the wheel centers, tires should be clamped 
accurately in position and allowed to cool slowly. Rapid cooling 
by the application of water or a blast of air should not be permitted, 



and the use of steel sledges, flatters, rams, etc., for forcing tires 
into position should not be permitted. If it is necessary to drive 
a tire ovei; a wheel center, a soft copper hammer or sledge should 
be used. 


Fig. g.—Wheel-Measuring Tape and Its Use 
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It is considered good practice to true up the treads of locomotive 
driving-wheel tires after they have been applied to wheel centers, 
the work to be done by taking a light cut off the tire in a wheel lathe. 
This insures that the treads of all of the tires will be perfectly round 
and concentric with the journals. It also eliminates variations in 
diameter of tread between wheels of the same set. 

Marking tires by center punch and chisel marks should not be 
permitted. 


Table 7.—Pressure for Forcing Piston Rods into Piston 
Heads 


Diameter of 
Rod in 
Inches 

Pressure 
in Tons 

Diam. of 
Rod in 
Inches 

Pressure 
in Tons 

Diameter 
of Rod in 
Inches 

Pressure 
in Tons 

2i 

30-40 

3 i 

40-50 

44 

55-65 

2i 

30^40 

3I 

45-55 

4I 

55-65 

3 

35-45 

sl 

45-55 

4 l 

60-70 



4 

50-60 

5 

65-75 


Pressures must be obtained before the collar reaches its seat, and the collar 
must in all cases seat solidly on piston head. The taper is i inch in 
20 inches. American Locomotive Company. 


Standard American Railway Association Wheel-Circumference 
Measure for Cast-Iron Cast-Steel, Wrought-Steel, 
and Steel-Tired Wheels 

Adopted, 1893; Modified, 1919 

Instructions for Using Standard Wheel Circumference Measure for 
Steel, Steel-Tired, and Cast-Iron Wheels 

Place tape about circumference of wheel, having the brackets in 
contact with flange. The normal circumference of wheels of each 
of the different diameters i.s indicated by the space marked 3. 
Steel and steel-tired wheels should be rejected if the scribed lines on 
the head piece fall to the left of the space marked C or to the 
right of the space marked Cast-iron wheels should be rejected 
if the scribed line on the headpiece falls to the left of the space 
marked i or to the right of the space marked 5. 

The continuous markings on the upper side of the tape may be 
used for mating worn wheels. 

The tape and method of using are shown in Fig 9. 

PRESS-FIT PRACTICES 

The two general methods of specifying the fit are by maximum 
pressure necessary to force the parts together, and by the difference 
in diameter between the mating parts. Railroads usually give 
maximum pressure as 6 to 10 tons per inch of diameter for cast-iron 
wheels and 10 to 16 tons for steel wheels. The standard lubricant 
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for press fits is 12 pounds of white lead to i gallon of boiled linseed 
oil between the fitted parts. 

Lubricant used in mounting directly affects the pressure required. 
Good engine oil and white lead mixed to the consistency of heavy 
paint is used by some of the best shops. 

An objection to the maximum-pressure method is the practice 
of changing the lubricant if the mounting pressure is too low. 
The objection to the measurement method is the possibility of 
errors in measurement, the axle or bore of the wheel not being 
round—one or both being taper, and the condition of the mating 
surfaces. These are affected, according to Horger and Nelson of 
the Timken Roller Bearing Company, by the methods of machining, 
the number of times the parts have been forced together, the 
materials and heat-treatment, length of time after assembly is made 
and the speed with which the fit is made. 

Although there is a trend toward the use of micrometers for 
measuring the bores for axle and crankpins, the caliper swing, or 
drag method, is still used in many shops with very accurate results. 
This method is shown on page 723. One progressive railroad 
forces a hardened steel hob or plug through the bore both for sizing 
the hole and smoothing its surface. The axle is then ground to 
micrometer measurements, which secures excellent results. Tests 
have shown that the axle is weakened greatly by the wheel mount¬ 
ing, and this is now partly restored by rolling the axle under very 
great pressure (25,000 pounds per square inch). Since rolling 
does not leave a perfectly round pin or axle, a light grinding cut 
trues it up before mounting the wheel or pin. 

Some roads turn the axles and pins slightly taper on the fit. 
This taper varies from 0.003 to 0.005 inch in the length of the fit. 
One road turns the axle straight but makes the last li inch of the 
fit 0.005 inch larger than the rest. 

Experience in wheel fits would indicate that, where wheel-center 
hubs are very heavy, smaller allowance in the fit and lower pres¬ 
sures are required, because the metal in the bore resists and grips 
harder in the fit. 
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Pressures for Mounting Axles and Crankpins 

Table 8.—Minimum and Maximum Pressures 

(In Tons) 


Driving Axles 


Diameter 
Wheel Fit, 
in Inches 


Wheel Centers 


Cast Iron 

Variation 

Steel 

Variation 

4i 

< 

40 to 49 

9 

64 to 79 

IS 

S 

4S to 55 

10 

72 to 88 

16 

Si 

49 to 60 

II 

79 to 96 

17 

6 

54 to 66 

12 ' 

86 to 105 

19 

6i 

58 to 71 

13 

93 to 114 

21 

7 

63 to 77 

. 14 

104 to 133 

29 

7i 

67 to 82 

IS 

112 to 143 

31 

8 

72 to 88 

16 

119 to 153 

34 

8i 

76 to 93 

17 

127 to 162 

35 

9 

81 to 99 

18 

I3S to 172 

37 

9i 

85 to 104 

19 

142 to 181 

39 

10 

90 to 110 

20 

150 to 191 

41 

loi 

94 to 115 

21 

157 to 200 

43 

II 

99 to 121 

22 

165 to 210 

45 

Ili 

103 to 126 

23 

173 to 220 

47 

12 

108 to 133 

25 

180 to 229 

49 

I2i 

112 to 138 

26 

188 to 239 

SI 

13 

116 to 143 

27 

I9S to 248 

S3 

rai 

121 to 150 

29 

203 to 258 

55 

14 

125 to 155 

30 

210 to 267 

57 


Crankpins 


Diameter 
Wheel Fit. 
in Inches 

Wheel Centers 

Cast Iron 

Variation 

Steel 

Variation 

3 

13 to 16 

3 

21 to 26 

5 

3i 

18 to 22 

4 

28 to 35 

7 

4, 

22 to 27 

5 

36 to 44 

8 

4i 

27 to 33 

6 

43 to 52 

9 

S 

31 to 38 

7 

SO to 61 

II 

Si 

36 to 44 

8 

57 to 70 

13 

6 

40 to 49 

9 

64 to 79 

IS 

6i 

45 to 55 

10 

72 to 88 

16 

7 

49 to 60 

II 

79 to 96 

17 

7i 

54 to 66 

12 

86 to 105 

19 

8 

58 to 71 

! 13 

93 to 114 

21 

8i 

63 to 77 

14 

100 to 123 

23 

9 

67 to 82 

IS 

108 to 132 

^4 

9i 

71 to 88 

17 

115 to 141 

20 

10 

76 to 94 

18 

122 to 150 

2 t 

lOi 

81 to 100 

19 

129 to 159 

3C 

II 

85 to los 

20 

136 to 168 

32 
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Table 8.—Minimum and Maximum Pressures— Continued 


Locomotive Truck Axles 


Diameter 
Wheel Fit, 
in Inches 

Wheel Centers 

Cast Iron 

Variation 

Steel 

. 

Variation 


18 to 22 

4 

27 to 33 

6 

4 , 

22 to 27 

S 

33 to 40 

7 

4 i 

27 to 33 

6 

40 to 49 ! 

9 

5 

31 to 38 

7 

46 to 57 

II 

si 

36 to 44 

8 

54 to 66 

12 

6 

40 to 49 

9 

60 to 73 

13 

6 i 

45 to 55 

10 

67 to 82 

IS 

7 

49 to 60 

It 

73 to 90 


7 i 

54 to 66 

12 , 

81 to 99 

18 

8 

S 8 to 71 

13 

88 to 107 

19 

Si 

63 to 77 

14 

9 S to 116 

21 

9 

67 to 82 

IS 

loi to 124 

23 

9i 

72 to 88 

16 

108 to 132 

24 

10 

76 to 93 

17 

115 to 141 

26 

loi 

81 to 100 

19 

122 to 150 

28 


Car or Tender Axles 


Size of 
Journal 

Diameter 
Wheel Fit, 
in Inches 

Wheel Centers 

Cast Iron 

Variation 

Steel 

Variation 

4X8 

5} 

35 to 60 

25 

55 to 80 

25 

4 i X 8 


35 to 60 

25 

55 to 80 

25 

5 X 9 

6i 

40 to 65 

25 

70 to 100 

30 

5 t X 9 

6} 

40 to 65 

25 

70 to 100 

30 

Si X 10 

7 

45 to 70 

25 

75 to no 

35 

6 X 10 


50 to 75 

25 

80 to 120 

40 

6 X II 

71 , 

50 to 75 

25 

80 to 120 

40 

X II 

7 H 

52 to 77 

25 

80 to 120 

40 

6 i X 12 

Si 

54 to 79 

25 

1 

85 to 130 

45 

1 
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Crankpin Turning 

A shop putting in crankpins under heavy pressures states that 
they turn the pins 0.003 inch taper on the fit and make the pin 
0.022 inch oversize at the small end and 0.025 oversize at large end. 
This table shows actual pressures required with pins of diameter 
given. 


Diameter Pin, 
Inches 

Pressure, Tons 

Diameter Pin, 
Inches 

Pressure, Tons 

€ 




6i 

95 


90 

6M 

90 


90 

6M 

95 

6M 

90 

6i 

90 




TAPER FITS USED IN LOCOMOTIVE WORK 

There are several different tapers used in locomotive work, the 
tapers varying from ^ to li inches to the foot. The Santa 
system has adopted the following standards: 

Taper of 3^ inch in 12 inches for: 

Bolts for main and side rods. 

Bolts for engine frames. 

Eccentric splice bolts. 

Eccentric crank bolts. 

Long reverse-yoke pin in Baker valve gear. 

Taper of f inch in 12 inches for: 

Bell-crankpin. 

Combination-lever pin—long. 

Link-block pin. 

Reverse-shaft hanger pins, Stephenson gear. 

Rocker-arm pins in single shear. 

Valve-stem sockets. 

Taper of } inch in 10 inches for: 

Combination-lever pin—short. 

Connecting-rod pin—in crosshead 
Connecting-rod pin bushing—in crosshead 
Eccentric-rod pins. 

Piston-rod fit in crosshead. 

Piston-rod fit in spider. 

Reach-rod pins. 

Reverse-shaft hanger pins—Walschaert gear. 

Reverse-yoke pin—short—Baker gear. 

Reverse-gear piston fit in spider and in crosshead. 

Radius-bar pin. 

Rocker-arm pins in double shear. 

Union link pins. 
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Valve-rod knuckle joint pins. 

Valve-rod pins. 

Valve-stem crosshead pin. 

A taper of J inch in 12 inches is used for the eccentric-blade pins 
and of J inch in 10 inches for the center connecting-rod pin. 

Crosshead and wrist pins, J inch in 12 inches. 

Side-rod knuckle pins, i i inches in 12 inches. 

Driving-box wedges i inch in 12 inches. Driving-box flanges, i 
inch in 7 inches, but for roller bearings, f inch in 12 inches. 

A taper of ij inch in 12 inches is used for crown-bar bolts where 
they fit in the crown sheet. The same taper is used for side-rod 
knuckle-joint pins. 

Taper Threads in Locomotive Work 

Nearly all taper threads used in railway work are of the standard 
pipe-thread taper of J inch in 12 inches or i inch in 16 inches. 
The diameters, however, do not conform to standard pipe sizes and 
12 threads to the inch is usual, regardless of diameter. On the 
Santa F6 system, threads of 6, 9, 10, and ii per inch are used in 
some cases. 


MACHINING ROD ENDS 

Milling is replacing slotting for machining rod ends. In solid- 
end rods, the block is removed either with the oxyacetylene torch 
or by drilling a hole large enough for a helical milling cutter to go 
through. In some cases a hole is drilled for starting the torch cut 
but is not necessary as a hole can be burned through a 4-inch piece 
in less than 30 seconds. Milling out the block from the solid can 
be done at from i to J inch per minute depending on the diameter 
of the cutter and the thickness of the rod. The |-inch feed is for 
a rod 7 inches thick. For finishing, the cut, whether the block is 
milled out or burned out, usually varies from 3 to 5J inches per 
minute. 

WEAR ALLOWANCES, TOLERANCES, AND FITS 

The following pages give the wear allowances, tolerances, and 
fits in use on one of the large lines. The data are concise and easily 
understood. 


CROWN-BRASS PRACTICE 

Crown-brass practice varies on different railroads. These tables 
show the general dimensions, including relief, used by a large 
railroad and representing modern practice. 
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Table 9.—Details of Crown Brasses with Tables Showing 
Relief and Dimensions of Various Types 
(Int. is intermediate) 


Where Used 

No. 

Dia. 

Axle 

A in 
In. 

B in 
In. 

C in 
In. 

D in 
In. 

E in 
In. 

F in 
In. 

G in 
In. 

H in 
In. 

J in 
In. 

Front and back 

4 

^ H 

5 ] 

t 

5 } 

4 i 

If 


5 A 

sA 

lOj 

1 

Main 

2 

9 

5 


6 

4 i 

li 

A 

sA 

5 A 

loj 

1 

Front back main 

6 

lOi 

6 j 

[ 

6 } 

si 


A 

si 

6 i 

12 


Front int. and back 

6 


5 


5 i 

4 i 

li 


5 A 

s A 

10 


Front int. back 

6 


4I 


5 

3! 

I 


3H 

3H 

7 : 


Main 

2 

7h 

4 | 


S 

3 i 

I 


3ii 

3H 

7i 


Front 

2 

sl 

5 


si 

4 i 

If 


sA 

sA 

10- 


Front int. back 

6 

si 

5 


Si 

4 i 

1 } 


5 A 

sA 

10 


Main 

2 

9 

5 


6 

4 i 

1 } 

A 

5 A 

sA 

10] 


Front int. main 
back 

8 

7 i 

4 i 


5 

3 i 

I 

1 

3 H 

311 

71 


Front back 

4 

8 

5 


Si 1 

4 

if 

1 

•• 1 

4{4 

s A 

lOj 

1 

Main 

2 


5 


sf 

4 i 



4 H 

5 A 

10 


All driving boxes 

4 per 

10 

6 


6 i 

5 

1 1 


sm 

sm 

iiSi 

All driving boxes 

8 per 

I 2 i 

7 i 

7 J 

6 i 

i 


6 A 

6 A 

13 



cab 
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Table 9.—Details of Crown Brasses with Tables Showing 
Relief and Dimensions of Various Types— Continued 


Where Used 

No. 

Dia.i 

Axle! 

K 

in 

In. 

L 

in 

In. 

M 

in 

In. 

N 

in 

In. 

0 

in 

In. 

1 

p 

in In. 

R 

in In. 

5 

in In. 

T 

in 

In. 

Front, main and 

6 

loy 

6i 


5 i 

I 

A 

7A 

7 A 

IS 

back 






Front, back and 

6 

II 

6| 

7i 

Si 

J 

A 

6fF.&B. 

7iF.&B. 

14 

' int. 

Main 

2 

12 

7^ 

7i 

6 

1 

A 

6i int. 
6i 

7i int. 
7i 

14 

Front, back and 

6 

II 

6| 

7i 

Si 

1 


Si 

7i 

13 

int. 











Main 

2 

12 

7^ 

71 

6 

li 

A 

si 

7i 

13 

Front, back and 

6 

10^ 

6i 


Si 

I 

A 

Si 

6} 

12 

int. 










Main 

2 

11 

6i 

6? 

Si 

li 

A 

si 

6i 

12 

Front back int. 

12 


5 i 

6i 

4i 

i| 

0 int. 

Si 

6i 

12 

(H.P. &L.P.) 
Main (H.P. & 

4 

10 

6 

6J 

5 

li 

AF.B. 

A 

Si 

6i 

12 

L.P.) 










Main 

2 

i2i 

'7J 

8 


li 


si 

7i 

13 

Front, back int. 

16 

II 

6 i 

7i 

si 

i 

A 

Si 

6i 

12 

main (H.P. & 
L.P.) 










Front, back int. 

16 

II 

6| 

hi 

Si 

i 

A main 

Si 

! 7 i 

13 

main (H.P. & 
L.P.) 

Front, back and 

12 

II 



i 

i 

P.B.- 
0 int. 

Si 

7i 


int. (H.P. & 
L.P.) 

1 



Front, back int. 

12 

II 

6 f 

7i 

Si 

i i 


6i 

6i 

I3f 

style No. i 








(H.P. & L.P.) 
Front, int. main 

12 

10 

6 

6i 

s 

If 

A 

% 

Si 

1 

6i 

12 

(H.P. & L.P.) 







Main (L.P.) 

2 

Ilj 

6 i 

7| 

si 

i 

A 

6 

7i 

I3i 

Main (L.P.) 

2 

Ili 

7 A 

7A 

Si 

if 

A 

6 

7i 

I3i 
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Table 10.—Rebuilding Hub-Liner of Locomotive Driving 
Wheels by Welding 

This is recent practice of a large railroad shop as reported by Irving 
T. Bennett of Revere Brass and Copper Co. 


Process 

Rod Di¬ 
ameter 

Amperes 

Volts 

Rod Used per Hour in 
Pounds 

Used 

Deposited 

Metal arc 

r t 

380 

30 

28.49 

27.79 



450 

30 

35.76 

34-17 



500 

30 

38-72 

36.72 


i 

500 

30 

43 10 

41.30 



600 

30 

46.69 

44-39 



700 

33 

54-99 

50-57 


1 

700 

33 

62.46 

57-78 



800 

35 

66.00 

57-60 

Carbon arc 

i 

500 

42 

47.96 

47.96* 



500 

42 

97.68 

97 - 46 t 


5 

8 

700 

45 

150-47 

56 . 03 t 


Boxes inclined lo degrees to permit “up-hill” welding, which is essential. 
* Metal fused to base to insure good bond, 
t Metal simply melted down in carbon flame and puddled. 


Fits Used in Locomotive Repair Work 

The Heald Machine Company gives the following suggestions 
for running fits in railway shop work, based on observations in 
many localities: 

Valve-motion pins or bolts and bushings, 0.003 0.006 inch. 

Side-rod knuckle pins and bushings, 0.005 to 0.008 inch. 

Crankpins and rod bushings 6 inches or less in diameter, 0.010 
to 0.015 inch. 

Crankpins and rod bushings over 6 inches in diameter, 0,015 to 
0.020 inch. 

Driver axles and driver boxes, 0.015 to 0.025 inch. 

Piston rod and metallic packing, 0.001 to 0.0015 inch per inch of 
diameter. 

Piston-rod allowable variation in diameter from end to end, 0.002 
inch. 

Air-pump piston rods, allowable variation in diameter from end 
to end, 0.001 inch. 

One method of repairing motion work is to true up the hole in 
the lever and then grind the outside of the bushing 0.004 inch larger 
than the hole. The hole in the bushing is ground 0.008 inch larger 
than the pin. Forcing the bushing in the lever reduces the hole 
to about 0.004 inch for an oil film. 

Brass cylinder bushings in triple valves require careful attention. 
When the difference in diameter between the two ends exceeds 
0.002 inch, the bushing should be reground just enough to remove 
the worn spots. 
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STANDARD ALLOWANCES FOR DIFFERENT KINDS OF FITS 

In all work requiring a fit, either force, driving, push, or running, 
the diameter of the hole shall conform to the dimension given on 
the tracing within the limits herein given, while the diameter of the 
bolt, pin, or shaft which goes into the hole shall be of such dimen¬ 
sions that it will fit in the hole as here indicated for the different 
classes of work. 

Where allowances for fits are given on tracings or in other mainte¬ 
nance instructions, the allowances there specified shall govern the 
allowances for those fits only. 

The allowances for different fits and for tolerances of holes as 
given in the following table shall be used, unless otherwise specified 
on tracings or in other maintenance instructions. This table 
gives allowances covering average conditions. 


Nominal 
Diameter, 
in Inches 

Limits 

Toler¬ 
ances for 
.Standard 
Holes 

Allowances for Different Kinds of Fits 

Running 

Fit 

Push 

Fit 

Driving 

Fit 

Force 

Fit 

Upto i. 

High 

+ 0.0005 

— O.OOIO 

— 0.0003 

+ 0.0005 

+ 0.0010 


Low 

— 0.0005 

— 0.0020 

— 0.0008 

+ 0.0003 

+ 0.0005 

I to I. 

High 

+ 0.0010 

— 0.0015 

— 0.0003 

+ 0.0010 

+ 0.0020 


Low 

-- 0.0005 

— 0 0030 

— 0.0008 

+ 0.0008 

+ 0.001S 

I to 2. : 

High 

+ 0 0010 

— 0.0020 

— 0.0003 

+ 0.0015 

+ 0.0040 


Low 

-0.0005 

— 0.0040 

— 0.0008 

+ 0.0010 

+ 0.0030 

2 to 3 . 

High 

+ 0.0015 

— 0.0025 

— 0.0005 

+ 0.0025 

+ 0.0060 


Low 

— 0.0010 

— 0.0045 

— O.OOIO 

+ 0.0015 

+ 0.0045 

3 to 4. 

High 

+ 0.0015 

— 0.0030 

— 0.0005 

+ 0.0030 

+ 0.0080 


Low 

—O.OOIO 

— 0.0050 

— O.OOIO 

+ 0.0020 

+ 0,0060 

4 to s. 

High 

+ 0.0020 

-0.0035 

— 0.0005 

+ 0.0035 

+ 0.0100 


Low 

— O.OOIO 

— 0.0060 

— 0.0010 

+ 0.0025 

+ 0.0080 

S to 6 . 

High 

+ 0.0020 

— 0.0040 

— 0.0005 

+ 0.0040 

+ 0.0120 


Low 

— 0.0010 

— 0.0070 

— O.OOIO 

+ 0.0030 

+ 0.0100 

6 to 8 . 

High 

+ 0.0020 

-0.0045 

— 0.0005 

+ 0.0045 

+ 0.0140 


Low 

— O.OOIO 

— 0.0080 

— 0.0015 

+ 0.0035 

+ 0.0120 


For all work in which a force, driving, push, or running fit is not 
required, the size of bolt or shaft shall control and the diameter 
shall be an even dimension within certain limits, governed by shop 
practice. 

For machine-turned bolts in drilled holes, the hole shall be ^ 
inch larger than the nominal size of the bolt. 

For rough-turned bolts in drilled holes, the hole shall be ^ inch 
larger than the nominal size of the bolt. 

Cored holes shall be inch larger than the nominal size of the 
bolt. 

Punched holes shall be either ^ or ^ inch larger than the bolt 
or rivet, according to whether it is a small or large hole and based 
on the thickness of the material. 
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WEAR ALLOWANCES FOR GENERAL MOTORS SERIES 71 
DIESEL ENGINES — Locomotive^ November, 1944 

Piston: Ring Fits, Compression Ring, and Groove Width 

Top ring: minimum: 0.010 inch. At 0.022 inch clearance replace 
the piston and use new rings. 

Second ring: minimum 0.008 inch. At 0.015 inch replace the 
piston. 

Third and fourth ring: minimum 0.006 inch. At 0.013 inch 
replace the piston. 

Oil ring to groove: minimum 0.0015 inch. At 0.008 inch replace 
the piston. * 

PISTON AND CYLINDER LINER 

Insert 0.005-inch feeler ribbon \ inch wide full length of liner. 
Insert bare piston (no pin or rings) upside down. When the ])iston 
is released, it should slip through the liner. Repeat with ribbon 
moved 90 deg. in liner. Worn diameter at top of ring travel should 
not exceed unworn diameter by more than 0.008 inch. Piston-to- 
liner minimum clearance should be 0.006 inch. 

Piston and Piston Pin 

Minimum clearance is 0.0025 inch radial. Replace at 0.010 
inch. 

Gap in Piston Ring—Ring Closed in Liner 

Compression rings: minimum 0.020 to 0.025 inch. Oil control 
rings: minimum 0.010 to 0.020 inch. Replace all rings at overhaul. 

Crankshaft 

End hearings and crank pins: replace or regrind when taper and 
out of round exceed 0.003 ir^ch. 

Main center bearing: minimum clearance 0.002 inch. Replace 
at 0.006 or when the shell thickness is less than 0.153 inch, at the 
center. 

Thrust bearing-end play: minimum 0.004 inch. Replace thrust 
washer at 0.018 inch. 

Connecting rod journal and shell: minimum 0.002 inch. Replace 
at 0.006 inch or when shell thickness is less than 0.153 inch at the 
center. Connecting rod bushing at piston pin: minimum 0.0015 
inch radial. Replace at 0.010 inch. 

Camshaft and intermediate bearmg: minimum 0.0025 inch. 
Replace when lower shell thickness is less than 0.340 inch. 

Camshaft or balance shaft and hearing: radial minimum 0.0015 
inch. Replace at 0.006 inch. End play minimum 0.005 inch. 
Replace thrust washers at 0.018 inch. 

Rocker arm and shaft: minimum 0.001 inch. Replace at 0.004 
inch. Cam follower bushing and pin-replace at 0.005 in. radial. 

Valve and valve guide: minimum 0.001 inch. Replace at 0.006 
inch. 
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Cylinder head inserts: press fit for seats, 0.0005 to 0.0025 inch. 
Seat width ^ inch; not over inch. Eccentricity of seat not to 
exceed 0.001 inch by dial indicator. 

The following are suggestions for the mechanic in overhauling 
engines of this type: 

The replacement of a part becomes worth while only when wear 
or damage threaten to limit life or performance of the engine. 

In estimating the prospective life of worn parts, the condition of 
friction surfaces tells as much as the actual measured wear. This 
requires the judgment of a skilled mechanic. 

Minimum tolerance is the smallest clearance between parts which 
will permit satisfactory lubrication. 

Replace at” tolerance is the maximum clearance which may be 
considered safe until the next regular overhaul. 

TOLERANCES AND WEAR LIMITS FOR DIESEL ENGINES 

The diesel engines built by the Electro-Motive Division of the 
General Motors Corporation for use on diesel-electric locomotives 
are permitted the following tolerances and wear limits. The toler¬ 
ances on new engines are given in the first column and the waer 
limit in the right-hand column. 



New 

Wear 

Limit 

Cylinder to piston. 

0.009s to 0.013s 

0.020 

Piston pin; Pin to floating bushing. 

0.003 to 0.00s 

0.010 

Pin to piston bushing. 

0.003 to 0 . 004 S 

0.010 

Rod to floating bushing. 

0.004s to 0.006s 

0.012 

Piston rings: Compression ring in groove. 

0.004 to 0.008 

0.010 

Compression ring gap. 

0.03s to 0.04s 

0.070 

Oil nng in groove. 

0.002 to 0.006 

0.010 

Oil ring gap. 

0.035 to 0.04s 

0.070 

Main bearing to crankshaft journal. 

0.007 to 0.010 

0.020 

Crankshaft end thrust. 

0.010 to o.ois 

0.030 

Connecting rod bearing. 

0.008 to 0.010 

O.OIS 

Exhaust valve stem to guide. 

0.004s to 0.006 

0.010 

Exhaust valve rocker arm bushing. 

0.002 to 0.004 

0.008 

Oil pumps: Drive shaft to bushing. 

Idler gear to shaft. 

0.0015 to 0.0035 

0.007 

0.0015 to 0.003s 

0.007 

Backlash in pump gears. 

0.010 to 0.014 

0.030 

Gear end clearance. 

0.007 to 0.010 

0.020 

Camshaft and gear train: Crankshaft bearings 

0.002 to 0.005 

0.010 

Gear backlash. 

0.008 to 0.012 

0.030 

Supercharger blower: Clearance, rotor to end 

plates. 

Clearance, housing to rotor. 

Clearance, rotor to rotor. 

Radial clearance, rotor shaft bearing. 

0.012 to 0,023 
0.008 to 0.012 
0.008 to 0.012 
0.003 to 0.004s 

0.008 

Thrust clearance, rotor shaft bearing. 

0.002 to 0.005 

0.010 

Backlash, synchronizing gears. 

0.000 to o.oois 

0.006 
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Table ii.—Limits of Wear for Locomotives in Shop 
FOR Class 4, or Heavier, Repairs 


Item Instructions 

Air pumps. Regrind air cylinder: When 0.012 inch out of 


round 

When 0.012 inch tap- 
ered 

Regrind steam cylinder: When 0.012 inch out 
of round 

When 0.012 inch 
tapered 

Connecting-rod bushings. . . . Renew when inch oversize 

Connecting-rod eyes. Regrind when ^ inch out of round (for new 

bushings) 

Crosshead. ^ . Reline when lateral play exceeds | inch 

Crankpins, main, 2jn, 21b, 22 Return: when ^ inch out of round 

when ^ inch tapered 
Renew when \ inch undersize 

Crankpins, main, other than Return: when it inch out of round 
2ia, 216, 22 when ^ inch tapered 

Renew when | inch undersize 

Crankpins, all others. Return: when ^ inch out of round 

when /j inch tapered 
Renew when | inch undersize 

Cylinders. Rebore: when inch out of round 

when inch tapered 

Cylinder bushings. Rebore: when inch out of round 

when 3^4 inch tapered 
Renew when \ inch oversize 

Driving boxes. Remachine when jS inch tapered 

Driving-box crown brasses. . Renew when less than li inches in thickness 

Eccentrics. Return when 3*2 inch out of round 

Renew when i inch undersize 

Eccentric straps. Rebore when ^ inch out of round 

Renew when inch oversize (inch side 
play) 

Journals, main.*. Return: when ij inch out of round 

when ^ inch tapered 
Renew when J inch undersize 

Journals, other than main. .. Return: when inch out of round 

when it inch tapered 

Renew when i to } inch undersize (according 
to class) see C-29237 

Piston-bull rings. Renew when ^ inch undersize to 29 inches 

diameter: \ inch, over 29 inches 

Piston rods. Regrind: wnen 0.010 inch out of round 

when 0.010 inch tapered 
Renew when J inch undersize 

Rocker arm. Return when A inch out of round 

Rocker-box bushings. Renew when inch out of round 

Valve-chamber bushings. . . . Renew: when ^ inch out of round 

when A inch tapered 

Valve-bull rings. .. Renew when A ii^ch undersize 

Valve-motion bushings. Renew when it inch oversize 

Valve-motion pins. Renew when it inch undersize 

Valve stems. Regrind: when 0.010 inch out of round 

when 0.010 inch tapered 
Renew when i inch undersize 

Locomotive frames—shoe fits Build up by welding when wear on sides ex¬ 
ceeds it inch 

Shoes and wedges. Discard when flanges are worn on inside more 

than A inch 

Crosshead wrist pin. Renew when body of pin is J inch oversize 
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Table 12.—Uses of Steels in Railroad Work 
Suggested by the American Association of Railroads 


Grade 

Machine 
Rating, 
Per Cent 

Heat- 

Treatment 

lOIO 

45 

Carburize 

1015 

1 

45 

/Carburize 
( or 

1020 

50 

< Normalize 

I 

X1020 

55 

\As Forged 

103s 

60 

Normalize 

1045 

50 

N. Q. & T.f 

1060 

40 

N. Q. & T.f 

1120 

100 


X131S 

85 

Carburize 

X1340 

60 

N. Q. & T.f 

2110 

60 

None 

( Carburize 

2115 

50 

lor as rolled 

2330 

SO* 

N. Q. & T.f 

3130 

45 * 

N. Q. & T.f 

3140 

40* 

N. Q. & T.f 


Application, Locomotive, and Cars 


Pins—Cold formed 
Bolt heading stock 

Bolt heading stock 

Brake pins 

Brake-beam truss rods 
Small forgings 

Draw-bar and coupler knuckle 
pins 

Screw stock 
Same as X1020 
Same as 1045 
Staybolts 
Motion work pins 
Engine bolts 
Automotive bolts 
High-temperature bolts 
Small high-tensile forgings 


* Annealed. 

t Normalized, quenched, and tempered. 


BRONZE BEARINGS FOR LOCOMOTIVES 

Adopted, 1916; Revised, 1926, 1934. —A.A.R. 

Phosphor Bronze. —Shoes and wedges, floating rod bushings, or 
other uses where a hard-wearing surface is required. 

Hard Bronze. —General-purpose wearing metal may be cast in 
either sand or metal molds, for rod bushings, shoes and wedges, 
crosshead gibs, engine truck and trailer brasses. 

Medium Bronze. —May be cast in sand or metal molds for driving 
box, engine- and trailer-truck brasses, hub liners, and bearings 
requiring lining metal for facing or lining. 

Soft Bronze. —Generally cast in metal molds for driving boxes 
and special purposes where a soft metal is desired. 

Chemical Properties and Tests 

Chemical Composition. —The material shall conform to the 
following requirements as to chemical composition: 
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Phosphor 

Bronze 

Hard 

Bronze 

Medium 

Bronze 

Soft 

Bronze 

Tin. 

9 to II 

7 to 10 

6 to 8 

4 to 6 

Lead. 

9 to II 

10 to 15 

14 to 22 

23 to 27 

Phosphorus. 

0.2 to 0.4 




Zinc, maximum. 

0.5 

I -25 

I. 25 

0*75 

Other impurities, maximum 

I .0 

0-75 

0-75 

0.75 

Copper. 

t 

Balance 

Balance 

Balance 

Balance 


CARBON STEEL AXLES FOR CARS AND LOCOMOTIVE 
TENDERS 

Adopted, 1914; Revised, 1926, 1934, 1936 —A.A.R. 

Chemical Composition. —The steel shall conform to the following 
requirements as to chemical composition: 


Carbon, per cent. 0.40 to 0.55 

Manganese, per cent. 0.50 to 0.90 

Phosphorus, not over, per cent. 0.05 

Sulphur, not over, per cent. 0.05 


Drop Test. —At a temperature between 40 and i2o®F., axles 
must pass the following drop test from a “tup” of 2,240 pounds. 
Axle to be rotated 180 degrees after first and third blows. 


Table 13.—Drop-Test Specifications 


Cla.ssi- 
fication 
of Axles 

Size of 
Journal, 
in Inches 

Diameter 
of Axle, 
at Center, 
in Inches 

Length 
of A.xle, 
in Inches 

Height 
of Drop, 
in Feet 

Number 
of Blows 

Maximum 
Perma¬ 
nent Set, 
in Inches 



4 i 


18 


8! 

A 

3 } X 7 

4 ? 

83 i 

19 

5 

81 



4 t 


20 


8 



4 | 


224 


7 l 

B 

00 

X 

4 * 

S4i 

231 

S 

7 t 



5 


25 


7 



52 


29 


61 

C 

5 X 9 

5} 

861 

30 

S 

6 



sj 


31I 





si 


341 


5 ? 

D 

5 i X 10 

6 

881 

36 

5 

54 



61 


37 l 


5 . 



61V 


41} 


4} 

E 

6 X II 

6 A 

90I 


5 

4} 



6 H 


44 l 


4 } 


Weights.—The maximum weights of smooth-forged and rough- 
turned axles in any shipment shall not exceed those given in Table 14. 
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After 

nveHnof^ 


Wheel center 



^>6 1 ;. 


c 


F 

5"to5^'' 


— 

6"+o6'4'' 

2" 

1" 


zy? 

1" 


3" 

2" 

9''+o9^ 

y/2 

2" 

IQ'tolM 

4"| 

2" 

!o5i''toir 


r 




Before^ 


riveHn^' . 

Fig. io. —Standard American Association of Railroads Crankpins 


- Machined to suit 
CL. eccentric crank 
Cylinder or threaded for 
collar and nuts 


These dimensions standard for engines with 
j,"/, I U U6''smooth^ I I i^l^'^rropth. 


with booster 


%R.\ 






i 


- y^^finish 


!l 



" 


—' 

T_ 

L- 

_ 

Pi 

U". 

nun. 

n 


i 

1 



1 


1^^ 




IF 


. / 4 ” 

A* .. 50^‘ 


iS^:. 


^qrinoi "Pressures 


■b6"J'r?7. ctrs.-' 




CIgssof Sqrvic^ 
Passenger 


Freight 


Persoj.jnj 


200 lb. 


2101 b. 


Features shown in dotted 
lines are optional 


Bearing 

Sizes 

A 

B 

c 

D 

£ 


Mgx.Jii’l.J-ood 

fisssenfler 

Freiabt 

7"xl4'' 

7" 



K, 

sF 

7^7 

19.600 

20.600 


8" 

w 


w 

w 


22.400 

23.500 

9"xl4" 

9" 

ioW 

m" 


loye" 

9^ 

25.200 

26.500 



Center 


'^This dimension applies to Non Booster axles only, 
to be rough turned Between wheel fits 


Fig. II. —A.A.R, Dimensions of Trailer-Truck Axles 


Table 14.—Maximum Weight of Axles 


Classification 
of Axles 

Size of Journal 
in Inches 

Smooth-Forged 
with Rough-Turned 
Journals and 
Wheel Seats 

Rough Turned 
All Over 

A 

3 iX 7 

435 

425 

B 

4 ix 8 

530 

520 

C 

5X9 

705 

695 

D 

si X IO 

83s 

825 

E 

6 X II 

LO15 I 

1 ,00$ 

F 

‘ 

6i X 12 

1,190 

1,175 
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^ X-0 .1p;;“; 


t^'-Rouah ^turned 


Z 


-54"- 


SIZES 

A 

Be 

C 

De 


F© 

H 

IQ 

(SEMI 

IWWJt' 




7- 

10' 


7" 


3? 


- 


IBM 

6 xto 

8 

11 



7I4 



_ 

fm 


9 xl2 

9 

13 

^'/z 

Th 

klh 



T 

B 


10x12 

10 

13 

m 

8 


28 

11 xl3 

11 

14 

m 


10/2 

26 

70 

3 



I?xl3 


14 


8 

Iliij 

26 

70 

3 



I5xi4 

14x14 

13“ 

14 

15 

15 

14;^ 


13’/^ 

21 

24 

70 

70 



s 



© These c//mensions opp(y fo main axles 
Length of wheel fits ancfJournals on 
axles other than main tobegwerned 
by corresponding dimensions of 
wain axle. 

Note:-1 fends ofaxle are fo 
project^ ’* beyond faces of hubs 
dimension (H) w/// be i ^longer 
than shown in table. 

Piston rod and key taper in 
cro$shead-A .A.R. 


j !" thick 

'^Optional: -End o faxle 
may be flash with 
face of hub if desired 



Center for Center for 
solid axles hollow axles 


Taper 



\Rod ^4 Y on diam.) in 5" 


. 12.—A.A.R. Standard Locomotive Driving Axles and Taper 
of Piston Rod and Keys 
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THREADS FOR LOCOMOTIVE INJECTOR COUPLINGS 

Note that the entire flat of J thread depth is taken from the tops 
of threads, leaving a V at the root. 


MALE THREAD 



Root of ft) read approx. 
Vshaped 



Top off bread flattened 


C - B - I 5 I" 

A Max. “ B Min. — 0.022" A Min. « A Max. — 0.005" 

B Max. = B Min. + 0.005" 


Pipe size, 
inches 

Normal 
Size of 
Thread, 1 
Inches 

Threads 

per 

Inch 

O.D. of 

Flattened Male 
Thread A 

O.D. of Sharp V 
in Female 
Thread, B 

Iron 

Copper 

Maxi¬ 

mum, 

Inches 

Mini¬ 

mum, 

Inches 

Maxi¬ 

mum, 

Inches 

Mini¬ 

mum, 

Inches 

I 


rf 

10 

1.728 

1.723 

1.755 

1.750 



2 

10 

1.971 

1.966 

1.998 

1.993 

li 

If 

2| 

10 

2.375 

2.370 

2.402 

2.397 



2H 

10 

2.796 

2.791 

2 823 

2.818 

2 

2 

3 

10 

3 009 

3.004 

3.036 

3.031 

2 


3 

10 

3.009 

3.004 

3.036 

3031 

2i 

2} 

3 i 

10 

3.488 

3.483 

3.515 

3.510 

3 

2 l. 3 t 

4 i 

10 

4.103 

4.098 

4.130 

4.12s 
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SHOP TRIGONOMETRY 1 

ANGLE CONSTANTS 

The laying out of angles is sometimes difficult by ordinary 
methods and a little knowledge of shop trigonometry is very useful. 

It is really a system of constants or multipliers based on the fact 
that there are always fixed proportions between the sides and angles 



of triangles and other figures. Figure i shows a 30-degree angle 
with I-, 2-, and 3-inch arcs, ic, 2/, and 31. It will be found that 
every similar measurement is in exact proportion to the radius, 
thus 2 d is exactly twice the length of la, and hi is just three times 

1 Note.—Reference letters on Figs. 8 to 19. p. 1199, Fig. 22 , p. laoS, Figs. 24 
to 32, pp. Z2IO and 121X, have been changed since the 7th edition to conform 
with formulae on pp. 1201 to 1207. 
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he. So, if we know the distance ac for a i-inch radius for any angle, 
a similar distance, as gi for the same angle, will be in exact propor¬ 
tion to the radius of the circle to onCy which is the base. All these 
parts are named as shown in Figs. 2, 3, and 4. 

The exact proportions of all the various parts have been figured 
for each part of a degree that is likely to be needed in ordinary work, 
and these figures are given in the tables which follow. These num¬ 
bers are simply multipliers or constants for a radius of one, and for 
any other radius we multiply the numbers given by the radius we 
are using. These tables form the most accurate means of calculat¬ 
ing many problems as will be shown. These constants can repre¬ 
sent one of anything, inches, feet, meters, or miles, and the answer 
will be in the same unit. In tool work they are usually in inches, 
but the relation is the same regardless of the unit. 

Angle Is Always Taken Each Side of the Center Line as Shown 

(Fig. 4) 

Lines AE and ATI are each called radius of the circle, 
is called cosine of the angle. 

FB is always the same as cosine of the angle. 

CE is called the versed sine of the angle. 

FH is called the coversed sine of the angle. 

CB is called the sine of the angle. 

ED is called the tangent of the angle. 

HG is called the cotangent of the angle. 

i 4 Z) is called the secant of the angle. 

AG is called the cosecant of the angle. 

The names always refer to the angle on one side of the center 
line and not to the total or included angle. In dealing with a 60- 
degree thread, we divide this by a center line and call the angle 30 
degrees in all our calculations. Everything is based on the radius 
of a circle, and a i radius is used as the base. Perhaps the three 
most imp)ortant parts are the sine^ the tangenty and the secanty these 
being CBy EDy and AD m all three of the figures. From this it 
will be seen that the sine is half the chord or the distance from the 
radius to the horizontal. The tangent ED is the distance from 
the horizontal radius to an extension of the radius at the angle given. 
The secant is the distance along the radius from the center to the 
tangent. From C to E is called the versed sine and is the distance 
from the center of the chord to the outer circle. 

The angle considered in this work is always less than 90 degrees, 
and the angle between the angle used and 90 degrees, or the angle 
which is necessary to complete this to 90 degrees is called the com¬ 
plementary angle. In the first case the complementaiy angle is 
60 degrees, in the second case 30 degrees, and in the third case 45 
degrees. The cosine is the distance FBy the cotangent is HGy the 
cosecant is AG, and the coversed sine is FH in all three examples. 
In the 45-degree angle it will be seen that the various parts are alike 
in both angles, as the sine is the same as the cosine, while the sine 
of the angle of 30 degrees is the same as the cosine of the angle of 
60 degrees. These facts will be borne out by the tables and can be 
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seen by studying the diagrams or by making any calculation and 
then proving it as near as may be on the drawing board. 

All this is interesting, but unless it is useful it has no value to the 
practical man, so we shall see where it can be used to advantage in 
saving time and labor. 

Perhaps the easiest application is in finding the depth of a V 
thread without making any figures. The angle is 60 degrees or 
30 degrees each side of the center line. The pitch is i inch, so that 
each side is also an inch; and so the radius is an inch, the depth of 
the thread is the distance AC or EB, and is the cosine of the angle. 
Looking in the table for the cosine of the angle of 30 degrees we 
find 0.86603, and^s the radius is i, this gives us the depth directly 
as 0.86603 inch. If the radius was 2 inches, we would multiply by 
2, or if it was i inch, divide by 2 and get the exact depth with almost 



Fig. 4.—Showing 45-Degree Fig. 5.—Spacing of Bolt Holes in 
Angles a Circle 

no figuring. Suppose, on the other hand, that the thread was i 
inch deep and we want to find the length of one side, the angle 
remaining the same as before. In this case we have the depth which 
is the line AE, and we wish to find AD which is the secant, so we 
look at the table again and find the secant of 30 degrees to be 1.1547 
inches as the length of the side. 

Suppose you have a square bar 2J inches on each side: What is 
the distance across the corners? Looking at the second example, 
we see that the side of the square bar is represented by line AE and 
the corner distance by the secant AD, so we look for the secant of 
45 degrees (because we know that half the 90-degree angle of a 
square bar must be 45 degrees) and find 1.4142, which would be the 
distance if the bar was i inch square. So we multiply 1.4142 by 
2i and get 3.5355 inches as the distance across the corners, and can 
know that this is closer than we can measure, and is not a guess by 
any means. 

p.eversing this we can find the side of a square that can be milled 
out of a round bar, such as the end of a reamer or tap. What square 
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can we make on a 2-inch round reamer shank? The radius of 
the bar is the radius as AB^ and the angle 45 degrees as before. 
Half the side of the square will be the sine CB, which the table 
shows to be 0.70711, and as this is half the chord which makes the 
flat aposs the bar, we multiply this by 2 and get 1.41422 inches as 
the distance across the flats for a reamer shank of this size. 

Suppose we have a bar of i J- by J-inch steel and want to find the 
distance across the corners and the angle it will make with the base. 
The li-inch side is the radius, the diagonal is the secant, and the 
f-inch side is the tangent of the angle. Reducing these to a basis 
of I inch, we have a bar i inch by J inch, and the i inch is the tan¬ 
gent of the angle. Looking in the table we find this to be almost 
exactly the tangent of 26 degrees and 34 minutes. With this angle 
the secant, or diagonal, is 1.1180 for a radius of i inch, and times 
this gives 1.6770 as the distance across corners. 

A very practical use for this kind of calculation is in spacing bolt 
holes or otherwise dividing a circle into any number of equal parts. 




0 '- 


20 " 

I 

-i-. 


k 

if^ 

I 

—O'’ 


Fig. 6.—Laying Out Angles 


It is easy enough to get the length of each arc of the circumference 
by dividing 360 degrees by the number of divisions, but what we 
want is to find the chord, or the distance from one point to the next 
in a straight line, as a pair of dividers would step it off. First 
divide 360 by the number of divisions, say 9, and get 40 degrees 
in each part. Figure 5 shows this, and we want the distance shown, 
or the chord of the angle. This equals twice the sine of half the 
angle. Half the angle is 20 degrees, and the sine for this is 0.342. 
Twice this, or 0.684, is the chord of the 40-degree angle for every 
inch of radius. If the circle is 14 inches in diameter, the distance 
between the holes will be 7 X 0,684, c>r 4.788 inches. This is very 
quick and the most accurate method known. 

Draftsmen often lay out jigs with the angles marked in degrees, 
as in Fig. 6, overlooking the fact that the toolmaker has no conven¬ 
ient or accurate protractor for measuring the angle. Assume that a 
drawing shows three holes, as a, &, and c, with b and c 20 degrees 
apart. The distance from a to & is 3 inches, what is the distance 
from htocox from ato c? 

As the known radius is from a to &, the distance be is the tangent 
of the angle, and the tangent for a i-inch radius is 0.36397, so for a 
3-inch radius it is 3 X 0.36307 *= 1.09191 (or 1.092 to three places) 
mches from 6 to c and at right angles to it. 
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But we need not depend on the accuracy of the square or of the 
way we use it, as we can find the distance from a to c just as easily 
and just as accurately as we did be. This distance is the secant 
and is 1.0642 for a i-inch radius. Multiplying this by 3 gives 
3.1926 as the distance which can be accurately measured. 

If the distance between a and c had been 3 inches, then bd would 
have been the sine and ab the cosine of the angle, both of which can 
be easily found from the tables. 

It often happens that we want to find the angle of a roller or other 
piece of work, as in Fig. 7. Always work from the center line and 
continue the lines to complete the angle. Every triangle has three 
sides, and they ar?called the “side opposite,” “side adjacent,” and 



Fig. 7.—Finding Angle of a Roller 


“hypotenuse,” the first being opposite the angle, the second the base 
line, and the third the slant line. 

The following rules are very useful in this kind of work: 


1. 

2. 

3. 

4. 

s. 


Sine • 


Cosine 


Tangent - 
Cotangent ■ 
Hypotenuse 


side oppos ite 
hypotenuse 
side adjacent 
hypotenuse 
side opposite 


side adjacent 
side adjacen t 
side opposite 
side opposite 
sine 


6. Side opposite =* hypotenuse X sine. 

7. Side adjacent =» hypotenuse X cosine. 

8 . Side opposite «■ side adjacent X tan¬ 

gent. 

9. Side adjacent ■« cotangent X sid'' 

opposite. 

„ ^ side adjacent 

10. Hypotenuse ■» -;- 


If we have the dimensions shown in Fig. 7, the side opposite, 
and ^e hypotenuse, we use formula i, and dividing 2 by 4, we get 
i or 0.5 as the sine of the angle. The table shows this to be the 
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sine of the angle of 30 degrees, consequently, this is a 3o>degree 
angle. 

Should it happen that we know only the hypotenuse and the 
angle, we use formula 6, and multiply 4 X 0.5 = 2, the side oppo¬ 
site. In the same way we can find the side adjacent by using 
formula 7. The cosine of 30 degrees is 0.866, and 

4 X 0.866 = 3.464 

as the side adjacent. 

Chart of Angles 



This will save using the tables for angles in increments of an even 
5 degrees. 


LOCATIN6 HOLE CENTERS AND OTHER TOOLROOM 
WORK 


Any given hole may be selected as a checking point and the* 
positions of all other holes referred to it for master measurements. 
Frequently, the toolmaker will find occasion to check center dis¬ 
tances between holes that have no stipulated relationship to each 
other but do have an exact position in respect to some common 
point—say another hole center, and it may be desirable to find the 
correct distance across these two. 
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Both angles and center dimensions have to be considered. 
The hypotenuse of the triangle in Fig. 8 has a known dimension 
and is the radius, and the height is the sine. Note that it falls 
within the curve or arc of the circle. In Fig. 16 the base of the 


triangle is the radius, and the perpendicular side is the tangent, for 
it contacts the outside of the circle. The hypotenuse of the 
triangles in Figs. 8 to 14 is the radius, no matter in what position 
the triangle may be in respect to the horizontal line of the drawing. 
The perpendicular side or height of the triangle is the sine; the base 


Fig. 8 I"ig. 9 


Fig. 10 Fig. ii 




Fig. 16 Fig. 17 Fig. 18 Fig. 19 

Figs. 8 to 19. — Note: Values in Parentheses Are Computed 


of the triangle is the cosine. Various positions are shown to make 
the point clear. 

In Figs. 16 and 17 the base of the triangle is the radius and the 
height is the tangent; the slanting line connecting them, called the 
hj^otenuse becomes the secant. In Fig. 15 the perpendicular 
side or height is the known side and is used as the radius. 

The arc of a circle in the sketches is merely to prevent possible 
confusion in regard to sines and tangents. Ordinarily, whichever 
line, base, or hypotenuse carries a known dimension^ is used as the 
radius for solution of the angles and lengths of other dimensions. 

NOTE.—/w the following examples all calculated values are in 
parentheses. 

In Fig 10, the radius is 2 inches, and the length of base (6) is 
1.5700 inches.^ Dividing this by 2 to find the base line corresponding 
to I inch radius gives us 0.78801, and we find this quantity in the 
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table of sines and cosines under cos 38°. The sine in the same 
double column is given as 0.61566, and we multiply this by 2 to 
give the length of this perpendicular side (a) when we have a 
radius of 2 inches. The result is i.23132 inches. 

In Fig. II we have an angle of 25 degrees and a radius of 1.875 
inch. Reference to the table of sines will give, under the heading 
for 25 degrees, the quantity 0.42262 as the sine of that angle, and 
we multiply by 1.875 and secure the value 0.7924 inch. This is the 
length of side (a), while the length of base (b) is secured by multiply¬ 
ing cosine 0.90631 (for 25 degrees) by 1.875, which equals 1.69933 
inches. 

In Fig. 14 the center angle is 40 degrees, the base length (b) is 
unknown, but the height (a) is given as i.ioo inch. The sine of 
40 degrees is given in a table of sines and cosines as 0.64279 to a 
radius of i. If we divide i.ioo inch by 0.64279, we find the quo¬ 
tient to be 1.7113 inch as the radius or slope line of Fig. 14. Base 
(b) is found by multiplying the radius 1.7113 by cos 40°, or 0.76604. 
The result is 1.3109. 

It is sometimes easier to solve a problem like Fig. 14 by working 
from the opposite angle. As the two acute angles equal 90 degrees, 
subtracting 40 degrees from 90 leaves 50 degrees as the center 
angle, Fig. 15. We may now consider our radius as struck from 
this point, and this radius is i. 100 inch. We select the value for the 
sloping side from a table of secants and find in the column for 50 
degrees the value 1.15557. W^e multiply this by radius i.ioo and 
find the product to be 1.7113 inch, as that obtained by the method 
in Fig. 14. To find the base line in Fig. 15, we know the base line 
to be a tangent, and in the table of tangents, we find in the 50-degree 
column 1.19175 and multiply by i.ioo, which gives 1.3109 inches for 
the length of base. 

Figures 16 and 17 also show the relation of radius, secant, and 
tangent. Figure 18 shows the solution for base (or radius) of two 
inches, where secant and tangent are required for an angle of 
30 degrees. Figure 19 shows a similar 30-60 degree problem with 
the height of the triangle taken as the radius equal to 1.500 inch. 
This is solved in the same way as the example in Fig. 15, that is, by 
referring to tables of secants and tangents and multiplying respec¬ 
tive values for 60 degrees by 1.500 inch, giving 3.00 inches for the 
sloping side, or secant, and 2.5981 inches for the tangent. 

Practical Applications 

Figures 20 and 21 show typical tool jobs where jig bushings or 
die holes are to be located. Figure 20 (page 1208) is a case where, 
as in Figs. 10 to 14, we deal with sines and cosines. Figure 21, on 
the other hand, has the base line of the triangle as the radius, and 
we are dealing with tangent and secant for height and hypotenuse 
as in Figs. 16 to 19. 

Not all tools to be bored have centers positioned in a right-angle 
triangle. But they admit of division into right-angle triangles and 
can then be treated as such. 

Figure 22 'is a layout with three holes whose center lines form a 
triangle with no right angle. Drop a perpendicular line from the 
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Tangent A and Divide tangent A by secant A. Tan A . ^ 0.75000 

secant A - sm A - 0.60000 - sin 
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Tangent A ] Sides a and b j Divide side a by side b 
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Cosecant A and Divide cosecant A by secant A. Cosec A i 66666 

A ^ A “ A = 1-33333 
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t A Sides c and a Divide side c by side a 
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Side c and se- Divide side c by secant A. 
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apex, dividing the figure into 2 right-angled triangles. The lengths 
of these three sides are given, but the base line is now to be divided 
into its two parts b and 6', and we can at the same time get height h. 
The base line is given as 2.875 inches. We divide it into b and b' as 
follows: Multiply the sum and difference of the two other sides 
and divide the product by the base line. The quotient will be the 
difference between the two sections b and b'. Thus: (2.00 inches 
plus 1.125 inches) X (2.00 — 1.125) equals 3.125 inches X 0.875 ~ 
2.7344 inches. Dividing 2.7344 inches by 2.875 equals 0.95ii 



Fig. 20 Fig. 21 


inch. This is the difference in lengths of lines h and b'. If we 
subtract half of this difference from half of base line 2.875 inches, 
we have 1.4375 0.4755 = 0.9620, which is the length of the short 

line b. Subtracting this from 2.875 inches gives 1.9130 inches as 
the longer line b'. The height h and the 
angles can now be found as in the case of 
any right-angle triangle. 

The triangle at the left in Fig. 22 has a 
base line of 0.9620 to a radius of 1.125 
inches. Dividing 0.9620 by i.i 25 gives us, 
for a i-inch radius, a base line of 0.8551 

Fig. 22.—Computed: inch. This is the cosine, and in a table of 
b = 0.9620 Inch; b' = cosines we find that the corresponding 
1.9130 Inches; /r= angle is 31 degrees 14 minutes. The sine 
0.5833 Inch; Angle is given as 0.5185 (this is, of course, to a 
A Is 31 Degrees 14 radius of i). Multiplying 0.5185 by 1.125 
Minutes; Angle 6' Is 16 (the radius of our triangle) we find the 
Degrees 574 Minutes sine, or height hy to be 0.5833 inch. 

Simple Solutions of Right-Angle-Triangle Problems 
for Mechanics 

To enable those who have a knowledge of arithmetic only to 
find easily the different dimensions of the right-angle triangle, this 
table was prepared by S. A, Hand, associate editor of American 
Machinist. 

The particular angle chosen for illustration was selected on 
account of the ease with which the dimensions of the sides could be 
found by simple arithmetic. 

The beginner will, of course, understand that dimensions of the 
sides of the triangle can be any other than those given in the illustra¬ 
tion, but their proportions will remain constant for the same angle. 

Complete tables of sines, tangents, secants, etc., will be found on 
pages I2J9 to 1253. 
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TESTING ANGLES WITH PLUGS 

A 60-degree angle for all corners of a gage gives a triangle with 
three sides equal (see Fig. 23). The diameter of a plug that will 
contact the three sides is found by the formula D ~ W tan 30°. 
Or, diameter equals length of one side times tangent of 30 degrees, 
tan 30° to a radius of r is 0.57735. With W equal to 2 inches, the 
diameter of the plug will be 2 X 0.57735 or 1.15470 inches. 

Taking the different examples in Fig. 23, thus, 20, 30, and 45 
degrees, for included angle a formula may be written as follows: 
< 

D — W tan (45° — A//^ 


where D — diameter of plug. 

W = width of V opening. 

A = the included angle of the V". 

Consider in Fig. 23 the V with 20 degrees included angle; 45 


degrees-= 45 degrees — 5 = 40 degrees, tan 40 = 0.83910. 

4 

If W is taken as i inch, then Z> = i X 0.83910. So for any angle 
where width IF is i inch, the diameter of the plug to come flush with 

the top of the V opening will be taken directly as tan ^45® — 


The width i inch is convenient for many cases where the toolmaker 
is interested only in the angle at the 
bottom of the V and not necessarily 
in its width at the top. 

It is often required to establish an 
accurate angle for gaging various tools 
and templets where the depth of the 
V and the width of the opening are 
only important in producing the 
desired angle of V. It is difficult to 
measure accurately the width W 
without a toolmaker’s microscope, 
but with the plug it is simplified. 

A I-inch width of opening is conven¬ 
ient for many angles, but where a smaller one is desired, the formula 
is used by taking any convenient value for IF. 



Right-Angle Triangles 

Figures 24 to 30a show a number of ways in which- right-angle 
triangles enter into tool and gage work. If we know the length of 
side b and the angle yl, we can multiply b by tan A to find side a. 
If side c is known, we find side a is equal to side c X sin A. If 
angle B is known and side a, then side a X ta n B wil l give side b. 
With sides a and h known, then side c equals y^a* -f" b^- If angle A 
is known, subtract it from 90 degrees to obtain angle B, Or if 5 is 
given, suDtract it from 90 degrees to obtain angle A . 
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A simple rule for obtaining the diameter of a plug to contact all 
three sides of a right-angle triangle is to add the two shorter sides 
(as a and Figs. 24 and 30a) and subtract c from their sum. Try 
this with the well-known right-angle proportions of 3, 4, and 5 inches 
for the three sides: 3+4 = 7;7 — 5 = 2 inches, the exact diameter 
of a circle to contact all three sides. 

In Fig. 24 or Fig. 30a assume angle A to be 30 degrees and side h to 
be 1.30 inches. What is the diameter of a plug to contact sides a, b, 
and c? 




Fig. 28. 


Fig. 29. 



Figs. 30 and ^oa. (See formulas 
on page 1212.) 


Tangent of angle A is tan 30° or 0.57735. So side a is 0.57735 
X 1.3 = 0.75056 inch. Sec 30° = 1.1547 X 1.3 = 1.5011 inches 
as the length of line c. Then a + b — 0.75056 + 1.3 inches 
= 2.0506 inches. Subtracting c or 1.5011, leaves 0.5495 as the 
diameter of the circle or plug. 

Or, working this arithmetically by the squares of the sides and the 
square root of the sum, it will work out as follows: 

= 0.56334 
b^ = I.69 
^2 + = 2.25334 

25334 = 1.5011 for side c, the same as obtained by the trig 
method above. 


Another Method of Calculating Plug Diameter 


To get the diameter of the cylinder or plug for a right angle job 
like those in Figs. 24 to 30a without using more than the length of 

2b 

side b and angle A, we can use the formula D = 


(cot 7) 


+1 
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A drawing does not always give other dimensions than this dis¬ 
tance b and a single angle only (angle A), leaving other figuring 
for the shopman in case he wants to make further calculations. 

Applying the formula to the problem already worked out by the 
other methods, we have a = 1.3 inches X 2 = 2.6 inches. Then 
y. 2.6 2.6 2.6 . - 

= -7 - TT- = 7 — 7 —^— i — = - — 0.5495 inch. 

(coti) + i + i 4.73205 

A series of formulas, arithmetical and trigonometrical, are given 
in the table on page 1212. These are self-explanatory. They 
cover most condftions that arise with right-angle-triangle problems. 

Other Angles than Right Angles 

Angular gage work and similar jobs with angles greater or less 
than 90 degrees are shown in Figs. 31 and 32. The angles A, B, 
and C, Fig. 31, are respectively 40 degrees, 68 degrees, and 72 


WidihWr2" ^ 
Angle A = 40deg. 
Angle B= 68 deg. 
Angle C- 72 deg 

2W 

(cot j)+(co+|) 

Fig. 31. 



A-30deg“^~^^ 

B=50deg. 

100 deg. 

2W 

(co+ ^) + (co+ I ) 
Fig. 32. 


B 


degrees. All of these may be known, or two of them known and 
the other found by subtracting the sum of the two from 180 degrees 
for the third angle. In any event the formula used for the diameter 
of a cylinder or plug (J9) to fill the angle and contact the three 
sides is: 


- (-7) +(-9 

Then 

n —_ ^ - 

cot 20® + cot 36®* 


or 


D = 


* 4 _ 

2.74748 + 1.37638 


4 

4.12386 


0.9698 inch. 


The angular gage opening in Fig, 32 is calculated for the diameter 
of the contacting plug by the same method and formula as used in 
connection with the one in P'ig. 31. 
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Formulas for Right Angle Triangles 
(Page 1210) 


To Find j 

Knowing 

Formula 

Side a 

Sides h and c 

\/— b^ — side a 

Side b 

Sides a and c 

\/- side b 

Side c 

Sides a and h 

\/a^ -f = side c 

Angle A 

Angle B 

90° - ^ = A 

Angle B 

Angle A 

90° - A = 5 

Sides a and b 

Angle A and side c 

c X sin A == side a 
c X cos A = side h 

Sides a and h 

Angle B and side c 

c X cos B = side a 
c X sin 5 = side b 

Sides a and c 

Angle A and side b 

b X tan A = side a 
b X sec A = side c 

Sides b and c 

Angle B and side a 

a X tan B = side b 
a X sec B = side c 

Diameter of Plug D 

Sides (I, 5 , and c 

(a -h b) — c = Dia. B 


LAYING OUT REGULAR POLYGONS 

The cut-and-try method is to draw a circle and space it off, but 
it saves time to know what spacing to use or how large a circle to 


Table of Regular Polygons 


1 

1 

1 

■ 


Ji 9 Ji 

„.l| 

|ll.a 

l^ength side where 
diameter of enclos¬ 
ure circle equals i 

If 

•K 8 

|| 

|Im 

Angle formed by lines 
drawn from center 
to comers 

Angle formed by 
outer sides of fig¬ 
ures 

To find Area of Fig¬ 
ure multiply side by 
itself and by num¬ 
ber in this column 

3 

Triangle .. 

1-1546 

•5774 

.866 

1-732 

120 ® 

60® 

•4330 

4 

Square.... 

1.4142 

I. 

-7071 

I. 

90 

90 

I. 

5 

Pentagon.. 

1.7012 

i. 37<54 

.5878 

.7265 

72 

108 

1.7204 

6 

Hexagon .. 

2. 

1-733 

•5 

•5774 

60 

120 

2.5980 

7 

Heptagon . 

2.3048 

2.0766 

•4338 

.4815 


128 f 

3-6339 

8 

Octagon... 

2.6132 

2.4142 

•3827 

.4142 

45 

135 

4.8284 

9 

Nonagon •. 

3.9238 

2.7474 

•342 

•3639 

40 

140 

6.1818 

20 

Decagon .. 

3-^6 

13-0776 

•309 

•3247 

36 

144 

7-6943 

11 

Undecagon 

3-5494 

3-4056 

.2817 

.2936 

32®-43 

147A 

9-3656 

12 

Dodecagon 

3-8638 

3-733 

.2588 

.2679 

30 

150 

11.1961 
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draw to get a figure of the right size. Suppose we wish to lay out 
any regular figure, such as a pentagon or five-sided figure, having 
sides IJ inches long. 


Using the Table 

Looking in the third column, we find “Diameter of circle that will 
just enclose it,” and opposite pentagon we find 1.7012 as the circle 
that will just enclose a pentagon having a side equal to i. This 
may be i inch or i anything else, so, as we are dealing in inches, we 
call it inches. ^As the side of the pentagon is to be ij inches, we 
multiply 1.7012 by and get 2.5518 as the diameter of circle to 
draw, and take half of this, or the radius 1.2759, in the compass to 
draw the circle. Then with li inches in the dividers, we space 
around the circle, and if the work has been carefully done, it will 
just divide it into five equal parts. Connect these points by 
straight lines, and you have a pentagon with sides ij inches long. 

If the pentagon is to go inside a circle of given diameter, say 2 
inches, look under column 5, which gives “Length of side when 
diameter of enclosing circle equals i,” and find 0.5878. Multiply 
by 2 as this is for a 2-inch circle, and the side will be 2 X 0.5878 = 
1.1756. Take this distance in the dividers and step around the 
2-inch circle. 

Assume that it is necessary to have a triangular end on a round 
shaft, how large must the shaft be to give a triangle 1.5 inches on 
a side? 

Look in the table under column 3, and opposite triangle, find 
1.1546, meaning that where the side of a triangle is i, the diameter 
of a circle that will just enclose it is 1.1546. As the side is 1.5, we 
have 1.5 X 1.1546 = 1.7318, the diameter of the shaft required. 
If the corners need not be sharp, probably a shaft 1.625 would be 
ample. 

Reversing this to find the size of a bearing that can be turned on 
a triangular bar of this size, look in column 4, which gives the 
largest circle that will go inside a triangle with a side equal to i. 
This gives 0.5774. Multiplying 0.5774 by 1.5 = 0.8661. 

A square taper reamer is to be used which must ream i inch at 
the small end and 1.5 at the back. What size must this be across 
the flats at both places? 

Under column 5 find 0.7071 as the. length of the side of a square 
when the diameter of the enclosing circle is i, so that this will be 
the side of the small end of the reamer, and 1.5 X 0.7071 = 1.0606, 
the side of the reamer at the large end. 

FINDING THE DIAMETER WITHOUT THE CENTER 

It sometimes happens in measuring up a machine that we need 
tc know the radius of curves when the center is not accessible. 
Three such cases are shown in Figs. 33,34, and 35, the first two being 
a machine and the last a broken pulley. In Fig. 33, the rule is short 
enough to go in the curve, but in Fig. 34, it has one end touching 
and the other across the sides. It makes no difference which is 
used so long as the distances are measured correctly, the short dis« 



1214 


SHOP TRIGONOMETRY 


tance, or versed sine, being taken at the exact center of the chord 
and at right angles to it. It is easier figuring when the chord or the 
height is even inches, so in measuring, slip the rule until one or the 
other comes even; sometimes it is better to make the height come 
I inch and let the chord go as it will, but at others, the reverse may 
be true. The rule for finding the diameter is: Square half the chord, 
add to this the square of the height, and divide the whole thing by 
the height. 



Fig. 35 


If the'chord is 6 inches, as in Fig. 33, and the height ij inches, we 
have 


a chord)^ + height^ ^ == 9 + 2} ^ iii ^ 1 

height 11 11 li ^ 

Or, as in Fig. 34, call the chord 10 inches and the height i inch, 
then the figures are 

5* + 25 -f I ^ 

£ - — -£ -= 26 inches. 

I I 


In Fig. 35 we have a piece of broken pulley, and we find the chords 
B to be 24 inches and the height i 4 to be 2 inches. This becomes 


12^ -f 2^ ^ 1 44 + 4 _ 148 _ 
2 2 

pulley is 74 inches. 


74, so that the diameter of the 


Flat-Square Method 

However, the method described is approximate only, because the 
measurement of the height will usually fall in decimals that cannot 
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be read by scale, and a very small error in the height will be greatly 
multiplied in the resulting diameter. For example: with a chord 
of 10 inches and a height of i inch, as in Fig. 34, an error of 0.01 
inch in the height will make a difference of about } inch in the 
diameter. Then, too, it is difficult to measure the chord accurately 




with a scale. For greater accuracy, the height should be measured 
by a depth micrometer. 

For outside measurements, a better method is to use a flat square, 
as in Fig. 36. In this case, the height H from the surface of the 
work to the inside apex of the square multiplied by 4.8286 equals 
the diameter of the work. When great accuracy is required, as in 
sizing gear segments, an instrument having legs at an included 
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angle of 6o degrees, as in Fig. 37, should be used. With such an 
instrument, the height H is always equal to one-half the diameter 
of the work, so that to find the diameter, the height must be multi¬ 
plied by two. Either of these instruments can have a micrometer 
neight gage attached for greater accuracy in reading the height, 
as in Fig. 38, or the height can be measured by an inside micrometer 
having a pointed rod. 

With an instrument having legs at any included angle, the cose¬ 
cant of half the included angle is always equal to the distance 
between the center of the work and the inner apex of the angle. 
Thus, a constant by which to multiply the height H to find the 
diameter D can be found by subtracting i from the cosecant of 
half the included angle and dividing 2 by the remainder, thus: 

2 

cosecant angle A — i 

Example. —In an instrument having legs at an included angle of 

90 degrees, as in Fig. 36, the 
angle A is 45 degrees, the 
cosecant of which is 1.4142. If 
the height H is 0.4142 inch, then 

2 

-I = 4.8286, and the 

1.4142 

height (0.4142 inch) multiplied 
by 4.8286 = 2 inches, and this 
is the diameter of the work. 

In an instrument having legs 
at an included angle of 60 de¬ 
grees, as in Fig. 37, the angle A 
is 30 degrees, the cosecant of 
which is 2. If the height H is i 

2 

inch, then -- 2, and the 

2 — 1 

height (i inch) multiplied by 
2 = 2 inches, which is the diam¬ 
eter D of the work. 

When using such instruments 
for very accurate work, it is 
always well to calibrate them by 
using a gage or a disk of known diameter and as near the size of the 
work as possible. 



Fig. 39 


Another Method 

Another method, suggested by Charles Kugler, is to stand the 
fragment of either pulley or gear on a flat plate, as in Fig. 39. 
Place two pieces of drill rod in the plate in contact with the face of 
the fragment, as shown in the illustration, and fasten them to the 
plate with a few drops of solder. Remove the fragment and 
measure the distance across the pieces of drill rod with a micrometer. 
Let A « the micrometer measurement across the pieces of drill rod. 
r ** the radius of the drill rod. 

R ** the radius of the whole disc or gear. 





REGULAR HGURES 


1217 


2 

B* 

Then R^~ 

4 r 

Since lines drawn through the points CDF form a right-angle 
triangle, the formula can be proved as follows: 

(CF)* = {CDy + iDF)\ 
and CF = R r. 

^CD = R-DE, or CDR - r. 

{R 4 - fY = (F - rY + B\ 

F* + 2Fr + r* == _ ^Rr + f 

Therefore 4Rr = B* and R = ~ 

4 r 

If the fragment is that of a gear, having found the diameter of 
the whole by multiplying the radius by 2, the diametral pitch can 
be found by placing the fragment on such a gear chart as can be 
found in the Brown and Sharpe small-tool catalog. Having these 
two items, all other data can be calculated. In the absence of a 
gear chart, two points, such as are included in the dimension S, 
are selected at random and are measured with a flexible scale, and 
the number of teeth between them is counted. 

Let l{ = the circumference of the gear. 

S - the distance between the two points on the periphery. 

F — the number of teeth in the distance S. 

W ~ the ratio between the circumference and the distance S. 

Then H ^ Wy and IT X F == the number of teeth in the whole 
gear, because the ratio between the circumference of the gear and 
the distance 5 is the same as that between the number of teeth in 
the distance S and the number of teeth in the gear. With the out¬ 
side diameter of the gear and the number of teeth known, all other 
data can be easily found. 

This method will be found very useful in job shops which replace 
broken gears. 

PROPERTIES OF REGULAR FIGURES 
The Circle 

A circle is a continuous curved line having every point at an equal 
distance from the center. 

Perimeter, or circumference, is always 3.14159265359 times the 
diameter, although 3.1416 is generally used and 3I is .a very close 
approximation. 

Area equals the diameter squared X 0.7854, or half the diameter 
squared X 3.1416, or half the diameter X half the circumference. 

Diameter of a square having equal area « diameter of circle X 
0.886 very nearly. 
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Triangle 

An equilateral triangle is a regular figure having three equal sides 
and three equal angles of 6o degrees each. 

Side = 0.866 X the diameter of enclosing circle. 

Distance from one side to opposite point = the side X 0.866, or 
diameter of enclosing circle X 0.75, or inside circle X i^. 

Diameter of enclosing circle = the side X 1.1546, or ij X dis¬ 
tance from side to point or twice inside circle. 

Diameter of inside circle = side X 0.5774 or \ the enclosing circle. 

Area = one side multiplied by itself and by 0.433013. 

Diameter of circle having equal area = side of triangle X 0.73. 

The Square 

A square is a figure with four equal sides and four equal angles 
of 90 degrees. 

Perimeter, or outside surface, is four times the length of one side. 

Area = one side X the other, which is the same as multiplying 
by itself or “squaring.” 

Diagonal, or “long diameter,” or “distance across corners,” 
= the side X 1.414. 

Area of circle that will go inside the square = one side X itself 
X 0.7854, or 0.7854 X the area of the square. 

Area of circle that will just enclose the square = diagonal X 
itself X 0.7854, or 1.27 X the area of the square. 

Diameter of a circle having an equal area = 1.126, or practically 
ij X the side of the square. 

The Hexagon 

A hexagon is a regular figure with six equal sides and six equal 
angles of 120 degrees. It can be drawn inside a circle by spacing 
around with the radius of the circle. 

Side = i the diameter of enclosing circle. 

Long diameter = diameter of enclosing circle, or twice the length 
of one side. 

Short diameter = the long diameter X 0.866, or 1.732 X one side. 

Area = one side X itself X 2.5981. 

Area of enclosing circle == one side X itself X 3.1416. 

Area of an inside circle = the short diameter X itself X 0.7854. 

Diameter of circle having equal area = practically 0.9 X long 
diameter. 

The Octagon 

An octagon is a regular figure with eight equal sides and eight 
equal angles of 135 degrees. 

Side == the long diameter X 0.382. 

Side = the short diameter X 0.415. 

Long diameter — diameter of enclosing circle, or one side X 2.62. 

Short diameter = the long diameter X 0.93, or one side X 2.414. 

Area = one side X itself X 4.8284. 

Area of enclosing circle = 1.126 X area of octagon. 

Area of inside ckcle = 0.972 X area of octagon. 

The diameter of a circle having equal area = 0.953 X the long 
diameter of the octagon. 
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QP 1 

1 

2 ® 1 

3 ® 


/ 

Tan. 

Co-TAN. 

Tan. 

Co-TAN. 

Tan. 

Co-TAN. 

Tan. 

Co-TAN. 

/ 

0 

.00000 

Infinite. 

.01746 

57.3900 

.03492 

28.6363 

.05241 

19.0811 

60 

1 

.00029 

3437.750 

.01775 

56.3506 

.03521 

28.3994 

.05270 

18.9755 

59 

2 

.00058 

1718.870 

.01804 

55.4415 

•03550 

28.1664 

.05299 

18.8711 

58 

3 

.00087 

1145.920 

.01833 

54-5613 

•03579 

27.937a 

.05328 

18.7678 

57 

4 

.00116 

859-436 

.01862 

53-7086 

.03609 

27.7117 

.05357 

18.6656 

56 

5 

.00145 

687.549 

.01891 

52.8821 

.03638 

27.4899 

.05387 

18.5645 

55 

6 

.00175 

572.957 

.01920 

52.0807 

.03667 

27-2715 

.05416 

18.4645 

54 

7 

.00204 

491.106 

.01949 

51-3033 

.03696 

27.0566 

.05445 

18.365s 

S 3 

8 

.00233 

439.718 

.01978 

50.5485 

-03725 

26.8450 

•05474 

18.2677 

Sa 

9 

.00262 

381.971 

.02007 

49.8157 

.03754 

26.6367 

.05503 

18.1708 

51 

10 

.00291 

343-774 

.02036 

49-1039 

.03783 

26.4316 

•05533 

i8x)750 

so 

11 

.00320 

313.521 

*^02066 

48.4121 

.03812 

26.2^296 

.05562 

17.980a 

49 

12 

.00349 

286.478 

.02095 

47-7395 

.03842 

26.0307 

.05591 

17.8863 

48 

13 

.00378 

264.441 

.02124 

47-0853 

.03871 

25-8348 

X15620 

17.7934 

47 

U 

.00407 

245-552 

.02153 

46.4489 

.03900 

25.6418 

.05649 

17.701S 

46 

IS 

.00436 

229.182 

.02182 

45.8294 

.03929 

25-4517 

.05678 

17.6106 

45 

16 

.00465 

214.858 

.02211 

45.2261 

.03958 

25.2644 

.05708 

17-5205 

44 

17 

.00495 

202.219 

.02240 

44.6386 

.03987 

25.0798 

.05737 

17.4314 

43 

18 

.00524 

190.984 

.02269 

44.0661 

.04016 

24.8978 

.05766 

17-3432 

4a 

19 

.00553 

180.932 

.02298 

43-5081 

.04046 

24.718s 

.05795 

17-2558 

41 

20 

.00582 

171-885 

.02328 

42.9641 

.04075 

24.5418 

.05824 

17.1693 

40 

21 

.00611 

163.700 

.02357 

43.4335 

.04104 

24-3675 

.05854 

17.0837 

39 

22 

.00640 

156.259 

.02386 

41-9158 

.04133 

24.1957 

.05883 

16.9990 

38 

23 

.00669 

149-465 

.02415 

41.4106 

.04162 

24.0263 

.05912 

16.9150 

37 

24 

.00698 

143-237 

.02444 

46.9174 

.04191 

23.8593 

.05941 

16.8319 

36 

25 

.00727 

137-S07 

.02473 

40.4358 

.04220 

23-6945 

.05970 

16.7496 

35 

26 

.00756 

132.219 

.02502 

39-9655 

.04250 

23.5321 

.05999 

16.6681 

34 

27 

.00785 

127.321 

.02531 

39.5059 

.04270 

23.3718 

.06029 

16.5874 

33 

28 

.00814 

122.774 

.02560 

39.0568 

.04308 

23.2137 

.06058 

16.5075 

33 

29 

.00844 

118.540 

.02589 

38.6177 

.04337 

23.0577 

.06087 

16.4283 

31 

30 

.00873 

114-589 

.02619 

38.188s 

.04366 

22.9038 

.06116 

16.3499 

30 

31 

.00902 

110.892 

.02648 

37.7686 

.04395 

22.7519 

.06145 

16.2723 

29 

32 

.00931 

107.426 

.02677 

37.3579 

.04424 

22.6020 

.06175 

16.1952/ 

28 

33 

.00960 

104.171 

.02706 

36.9560 

.04454 

22.4541 

.06204 

16.1190 

27 

34 

.00989 

101.107 

.02735 

36.5627 

.04483 

22.3081 

.06233 

16.043s 

26 

35 

.01018 

98.2179 

.02764 

36.1776 

.04512 

22.1640 

.06262 

15-9687 

1 *5 

36 

.01047 

95-4895 

.02793 

35.8006 

.04541 

22.0217 

.06291 

15-8945 

24 

37 

.01076 

92.908s 

.02822 

35-4313 

.04570 

21.8813 

.06321 

15.8211 

' 23 

38 

.Olios 

90.4633 

.02851 

35.0695 

.04599 

21.7426 

.06350 

15-7483 

j 22 

39 

•OII3S 

88.1436 

.02881 

34-7151 

.04628 

21.6056 

.06370 

15.6762 

' 21 

40 

.01164 

85-9398 

.02910 

34-3678 

.04658 

21.4704 

.06408 

15.6048 

20 

41 

.01193 

83.8435 

.02939 

34.0373 

.04687 

21.3369 

.06437 

15-5340 

19 

43 

.01222 

81.8470 

.02968 

33-6935 

.04716 

21.2049 

.06467 

15.4638 

z8 

43 

.01251 

79.9434 

.02997 

33.3662 

•04745 

21.0747 

^>6496 

15-3943 


44 

.01280 

78.1263 

.03026 

33.0453 

.<’4774 

20.9460 

.06525 

15-3354 

x6 

45 

.01309 

76.3900 

.03055 

32-7303 

.04803 

20.8188 

•06554 

15-2571 

IS 

46 

.01338 

74.7292 

.03084 

32.4213 

.04832 

20.6932 

.06584 

15-1893 

! 14 

47 

.01367 

73-1390 

.03114 

32.1181 

.04862 

20.5691 

.06613 

15.1222 

13 

48 

.01396 

71.6151 

.03143 

31.8205 

.04891 

20.4465 

.06642 

15-0557 

12 

49 

^1433 

70.1533 

.03173 

31.5284 

.04920 

20.3253 

.06671 

14-9898 

11 

50 

•0145s 

68.7501 

.03201 

31.2416 

.04949 

20.2056 

.06700 

14.9244 

1 10 

51 

JO1484 

67.4019 

.03230 

30.9599 

.04978 

20.0872 

.06730 

14-8596 

2 

53 

.01513 

66.1055 

.03359 

30.6833 

.05007 

19.9702 

.06759 

14-7954 

8 

S 3 

.01543 

64.8580 

.03288 

30.4116 

•05037 

19.8546 

.06788 

14.7317 

7 

54 

.01571 

63.6567 

.03317 

30.1446 

.05066 

19.7403 

.06817 

14.6685 

6 

55 

.01600 

62.4992 

.03346 

29.8823 

.05095 

19.6373 

UD6847 

14.6059 

5 

S6 

.01629 

61.3829 

.03376 

29.624s 

.05124 

19.5156 

.06876 

14.5438 

4 


.01658 

60.3058 

.03405 

39.3711 

.05153 

19.4051 

.06905 

14.4823 

3 

58 

.0x687 

59.2659 

.03434 

29.1220 

.05182 

X9.2059 

.06934 

14-42x2 

a 

59 

4>i7i6 

58.2612 

.03463 

28.8771 

.05212 

19.1879 

4)6963 

14.3607 

1 

60 

4)1746 

57.2900 

.0349a 

28.6363 

.05241 

19.0811 

4)6993 

14.3007 

0 

/ 

Co-TAN. 

Tan. 

Co-TAN. 

Tan. 

Co-TAN. 

Tan. 

Cotan. 

Tam. 

/ 


890 

1 88 ® 

8 

70 

8 

16® 
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4 ® I 5 ® 6® 7 ® 1 

' Tan. I Co-tan. Tan. | Co-tan. Tan. | Co-tan. Tan. i Co-tan. ' 


O .06993 143007 .08749 11.4301 

X .0702a 14.2411 .08778 11.3919 

a .07051 14.1821 .08807 11.3540 

3 .07080 14-1235 .08837 11.3163 

4 .07110 14.0655 .08866 -11.2789 

5 .07139 14-0079 .08895 11.2417 

6 .07168 13.9507 .08925 11.2048 

7 .07197 13.8940 .08954 11.1681 

8 .07227 13.8378 .08983 11.1316 

9 .07256 13.7821 .09013 11.0954 

10 .07285 13.7267 .09042 11.0594 

11 .07314 13.6719 .09071 11.0237 

12 .07344 13.6174 .09101 10.9882 

13 -07373 13-5634 .09130 10.9529 

14 X)74oa 13.5098 .09159 10.9x78 

15 .07431 13-4566 .09189 10.8829 

16 .07461 13.4039 .092x8 10.8483 

17 .07490 13-3515 .09247 10.8139 

18 .07519 13-2996 .09277 10.7797 

19 .07548 13.2480 .09306 10.7457 

20 /57578 13.1969, .09335 10.7119 

ai .07607 13.1461 .09365 10.6783 

22 .07636 13.0958 .09394 10.6450 

23 .07665 13.0458 .09423 10.6118 

24 .07695 12.9962 .09453 10.5789 

25 .07724 12.9469 .09482 10.5462 

a6 x)77S3 12.8981 .09511 10.5136 

27 .0778a 12.8496 .09541 10.4813 

a8 .07812 12.8014 .09570 10.4491 

29 .07841 12.7536 .09600 10.4172 

30 .07870 12.7062 .09629 10.3854 

31 437899 12.6591 .09658 10.3538 

3a '.07929 12.6124 .09688 10.3224 

33 .07958 12.5660 .09717 10.2913 

34 .07987 12.5199 439746 10.2602 

35 438017 12.4742 .09776 10.2294 

36 4)8046 12.4288 .09805 10.1988 

37 .08075 12.3838 .09834 10.1683 

38 .08104 12.3390 .09864 10.1381 

39 .08134 12.2946 .09893 10.1080 

40 .08163 12.2505 4)9923 10.0780 

41 .08192 12.2067 .09952 10.0483 

42 .08221 12.1632 .09981 10.0187 

43 .08251 X2.I20X ,10011 9.98931 

44 4382^ 12.0772 .10040 9.96007 

45 438309 12.0346 ,10069 9.93101 

46 08339 11.9923 .10009 9-90211 

47 4)8368 11.9504 .10128 987338 

48 4)8397 11.9087 .10158 9.84482 

49 .08427 11,8673 .10187 9.81641 

50 4)8456 11.8262 .10216 9.78817 

51 438485 11.7853 .10246 9,76009 

52 4)8514 11,7448 .10275 9-73*17 

53 4)8544 11.7045 .10305 9.70441 

54 4)8573 11.6645 .10334 9-67680 

55 438602 ,11.6248 .10363 9-64935 

56 438632 XI.5853 *10393 9.62205 

57 438661 XI.5461 .10422 9.59490 

58 438690 11.5072 .1045a 9.56791 

59 .08720 X1.4685 .10481 9.54106 

00 438749 11.430X .105x0 9.5x436 


-10510 9.51436 .12278 8.14435 60 

.10540 9.48781 .12308 8.12481 59 

.105O9 9.46141 .12338 8.10536 58 

.10599 9-4351S *12367 8.08600 57 

.10628 9.40904 .12397 8.06674 56 

.10657 9-38307 .12426 8.04756 55 

.10687 9.35724 .12456 8.02848 54 

.10716 9-33154 .12485 8.00948 53 

.10746 9-30599 *12515 7-99058 52 

.10775 9-28058 .12544 7-97176 51 

.10805 9*25530 .12574 7-95302 50 

.10834 9.23016 .12603 793438 49 

.10863 9.20516 .12633 7-91582 48 

.10893 9.18028 .12662 7.^734 47 

.10922 9.15554 .12692 7.8789s 46 

.10952 9.13093 .12722 7.86064 45 

.10981 9.10646 .12751 7.84242 44 

.11011 9.08211 .12781 7.82428 43 

.11040 Q.05789 .12810 7.80622 42 

.11070 9.03379 .12840 7.7882s 41 

. 11099 900983 .12869 7-77035 40 

.11128 8.98598 .12899 7-75254 39 

.11158 8.96227 .12929 7.73480 38 

.11187 8.93867 .12958 7.71715 37 

.112*17 8.91520 .12988 7.60957 36 

.11246 8.89185 .13017 7.68208 35 

.11276 8.86862 .13047 7.66466 34 

.11305 8.84551 .13076 7-64732 33 

•11335 8.82252 .13106 7.63005 32 

.11364 8.79964 .13136 7.61287 31 

.11394 8.77689 .13165 7-59575 30 

.11423 8.75425 .13195 7-57872 29 

.11453 8.73172 .13224 7.56176 a8 

.11482 8.70931 .13254 7-54487 27 

.11511 8,68701 .13284 7.52^6 a6 

.11541 8.66482 .13313 7-51132 25 

.11570 8.64275 .15343 7-49465 24 

.11600 8.62078 .13372 7.47806 23 

.11629 8.59893 .13402 7^16154 22 

.11659 8.57718 .13432 7-44509 21 

.11688 8.55555 ,13461 7.42871 20 

.11718 8.53402 .13491 7-41240 19 

.11747 8.51259 .13521 7*39616 18 

.11777 8.49128 .135.50 7.37999 17 

.11806 8.47007 .13580 736389 16 

.11836 8.44896 .13G09 7-34786 IS 

.11865 8.42795 *13639 7-33190 14 

.11805 8.40705 .13669 7.31600 13 

.11924 8.38625 .13698 7.30018 12 

.11954 8.36555 .13728 7.2844a n 

.11983 8.34496 .13758 7-26873 10 

.12013 8.32446 .13787 7*253x0 9 

.12042 8.30406 .13817 7.23754 8 

.12072 8.28376 .13846 7.22204 7 

.12101 8.26355 .13876 7.20661 6 

.12131 8.24345 .13906 7*X9ia5 5 

.12160 8.22344 .13935 7*17594 4 

.12190 8.20352 .13065 7 16071 3 

.12919 8.18370 .13905 7-14553 » 

.12949 8.16398 .14024 7.13042 S 

.12278 8.1443s .14054 7*1X537 o 
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8» 1 

9 ® 1 

10® 

11 ® 1 

/ 

Tam. 

Co-tan. 

Tan. 

Co-TAN. 

Tan. 

Co-TAN. 

Tan. 

Co-TAN. 

o 

•MOS4 

7.11537 

.15838 

6.3137s 

.17633 

5.67128 

.19438 

5-14455 

1 

.14084 

7.10038 

.15868 

6.30189 

.17663 

5.66165 

.19468 

5.13658 

a 

•14113 

7.08546 

.15898 

6.29007 

.17693 

5.6520 s 

•19498 

5.12862 

3 

.14143 

7.07059 

.15928 

6.27S29 

.17723 

5.64248 

.19529 

5.12069 

4 

.14173 

7.05579 

.15958 

6.26655 

.17753 

5-63295 

.19559 

5 11279 

5 

.14202 

7.04105 

.15988 

6.25486 

.17783 

5-62344 

.19589 

5 1049c 

6 

.14232 

7.02637 

.16017 

6.24321 

.17813 

5-61397 

.19619 

S.09'’04 

, 

.14262 

7.01174 

.16047 

6.23160 

.17843 

5-60452 

.19649 

5.08921 

8 

.14291 

6.90718 

.16077 

6.22003 

.17873 

5-59511 

.19680 

5 08I39 

9 

.14321 

6.98268 

.16107 

6.20851 

.17903 

S-58 s '^3 

I97IO 

5.07360 

10 

.14351 

6.9682^ 

.16137 

6.19703 

.17933 

5-57638 

19740 

5.06584 

II 

.14381 

6.9538s 

.16167 

6.18559 

.17963 

5.56706 

.19770 

5.05809 

12 

.14410 

6.93952 

.16196 

6.17419 

.17993 

5-55777 

.19801 

5-0503*^ 

13 

.14440 

6.92525 

.16226 

6.16283 

.18023 

5-54851 

.19831 

5.04267 

14 

.14470 

6.91104 

.16256 

6.15151 

.18053 

5.53927 

.19861 

5-03499 

15 

.14499 

6.89688 

.16286 

6.14023 

.18083 

5-53007 

.19891 

5.02734 

i6 

.14529 

6.88278 

.16316 

6.12899 

.18113 

5.52090 

.10021 

5.01971 

17 

.14559 

6‘86874 

.16346 

6.11779 

.18143 

5-51176 

.19952 

5.01210 

i8 

.14588 

6.85475 

.16376 

6.10664 

.18173 

5.50264 

.10982 

5.00451 

19 

.14618 

6.840.S2 

.16405 

6.00552 

.18203 

5-49356 

.20012 

4.99695 

20 

.14648 

6.82694 

.16435 

6.08444 

.18233 

5-48451 

.20042 

4.98940 

21 

.14678 

6.8131J 

.16465 

6.07340 

.18263 

S-47548 

.20073 

4.981S8 

22 

.14707 

6.79936 

.16495 

6.06240 

.18293 

5-46648 

.20103 

4-97438 

*3 

.14737 

6.78564 

.16525 

6.05143 

.18323 

5-457SI 

.20133 

4 06690 

24 

.14767 

6.77199 

.16555 

6.04051 

•18353 

5-44857 

.20164 

4 95945 

25 

•14796 

6.75838 

.16585 

6.02962 

.18383 

5-43966 

.20194 

4-93201 

26 

.14826 

6.74483 

.16615 

6.01878 

.18414 

5-43077 

.20224 

4 94460 

27 

.14856 

6.73133 

.16645 

6.00797 

.18444 

5.42192 

.20254 

4-93721 

a8 

.14886 

6.71789 

.16674 

5.99720 

.18474 

5-41309 

.20285 

4.92984 

29 

.14915 

6.70450 

.16704 

5.98646 

.18504 

5.40429 

.20315 

4 92240 

30 

•14945 

6.69116 

.16734 

5-97576 

-18534 

5-39552 

.20345 

4-91516 

31 

.14975 

6.67787 

.16764 

5.96510 

.18564 

5-38677 

.20376 

4.00785 

32 

.15005 

6.66463 

.16794 

5.95448 

.18594 

5-37805 

.20406 

4.90056 

33 

•15034 

6.65144 

.16824 

5-94390 

.18624 

5-36936 

.20436 

4-89330 

34 

.15064 

6.63831 

.16854 

5-93335 

.18654 

5-36070 

.20466 

4.88605 

35 

.15094 

6.62523 

.16884 

5.92283 

.18084 

5-35206 

.20497 

4.87882 

36 

•15124 

6.61219 

.16914 

5-91235 

.18714 

5-34345 

.20527 

4.87162 

37 

•15153 

6.59921 

.16944 

5-90191 

.18745 

5-33487 

.20557 

4.86444 

38 

•15183 

6.58627 

.16974 

5-89151 

.18775 

5-32631 

.20588 

4-85727 

39 

.15213 

6.57339 

.17004 

5.88114 

.18805 

5-31778 

.20618 

4-85013 

40 

•15243 

6.5605s 

.17033 

5.87080 

.18835 

5.30928 

.20648 

4.84300 

41 

.1527a 

6-54777 

.17063 

5.86051 

.18865 

5.30080 

.20679 

4-83590 

42 

.15302 

6.53503 

.17093 

5-85024 

.18895 

5-29235 

.20709 

4.82882 

43 

•15332 

6.52234 

.17123 

5.84001 

.18925 

5-28393 

.20739 

4-82175 

44 

.15362 

6.50970 

•17153 

5.82982 

.i 89';5 

5-27553 

.20770 

4.81471 

45 

.15391 

6.49710 

.17183 

5.81966 

.18986 

5.26715 

.20800 

4.80769 

46 

.15421 

6.48456 

•17213 

5-80953 

.19016 

5.25880 

.20830 

4 .8 o<^ 

47 

.15451 

6.47206 

.17243 

5.79944 

.19046 

5.25048 

.20861 

4.79370 

48 

.15481 

6.45961 

.17273 

5.78938 

.19076 

5.24218 

.20891 

4.78673 

49 

.15511 

6.44720 

.17303 

5.77936 

.19106 

5.23301 

.20921 

4.77978 

50 

.15540 

6.43484 

.17333 

5.76937 

.19136 

5.22566 

.20952 

4.77286 

51 

.15570 

6.42253 

.17363 

5-75941 

.19166 

5-21744 

.2098a 

4.76595 

52 

.15600 

6.41026 

.17393 

5.74949 

•19197 

5.2092s 

>aioi3 

4.75906 

53 

•15630 j 

6.39804 

.17423 

5.73960 

.19227 

5.20107 

.ai04S 

4.75219 

54 

.15660 

6.38587 

.17453 

5.72974 

.19257 

519293 

.21073 - 

4.74534 

55 

.15689 

6.37374 

.17483 

5.71993 

.19287 

5.18480 

.21104 

4.73851 

56 

.15719 

6.36165 

.17513 

5.71013 

.19317 

5.17671 

.21134 

4.73170 


.15749 

6.34961 

.17543 

5.70037 

.19347 

5.16863 

.21164 

4.73400 

S8 

.15779 

6.33761 

.17573 

5.69064 

.19378 

5.16058 

.21195 

4.71813 


.158^ 

6.33566 

.17603 

5.68094 

.19408 

5.15256 

.21225 

4.71x37 

Do 

•isM 

6.3137s 

.17633 

5.67128 

.19438 

5.14455 

.31256 

1 4.70463 


€i>«am. 

Tan. 

CO-TAN. 

Tan. 

Co-TAN. 

Tan. 

Co-TAN. 

! Tam* 



800 1 

790 

78® 1 
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12® 

II 13 “ 

II 14 ® 

15 ® 


/ 

Tan. 

Co-tan. 

Tan. 

Co-TAN. 

Tan. 

Co-TAN. 

Tan. 

Co-TAN 

/ 

o 

.21256 

4.70463 

.23087 

4.33148 

.24933 

4.01078 

.2679s 

3.73205 

60 

X 

.21286 

4.69791 

.23117 

4.32573 

.24964 

4.00582 

.26826 

3.72771 

59 

a 

.21316 

4.69121 

.23148 

4.32001 

•24995 

4.00086 

.26857 

3.72338 

58 

3 

.21347 

4.68452 

.23179 

4.31430 

.25026 

3-99592 

.26888 

3.71907 

57 

4 

.21377 

4.67786 

.23209 

4.30860 

.25056 

3.99099 

.26920 

3.71476 

S6 

5 

.21408 

4.67121 

.23240 

4.30291 

.25087 

3.98607 

.26951 

3.71046 

SS 

6 

.21438 

4.66458 

.23271 

4.29724 

.25118 

3.98117 

.26982 

3.70616 

54 

7 

.21469 

4.65707 

.23301 

4.29159 

.25149 

3.97627 

.27013 

3.70188 

53 

8 

.21499 

4.65138 

.23333 

4.28595 

.25180 

3.97139 

•27044 

3.69761 

52 

9 

.21529 

4.64480 

.23363 

4.28032 

.25211 

3.96651 

.27076 

3.69335 

51 

iO 

.21560 

4.63825 

.23393 

4.27471 

.25242 

3.9616s 

.27107 

3.68909 

50 

II 

.21590 

4.63171 

.23424 

4.26911 

.25273 

3.95680 

.27138 

3.68485 

49 

12 

.21621 

4.62518 

.23455 

4.26352 

•25304 

3.95196 

.27169 

3.68061 

48 

13 

.21651 

4.61868 

.23485 

4-25795 

.25335 

3.94713 

.27201 

3.67638 

47 

14 

.21682 

4.61219 

.23516 

4.25239 

.25366 

3-94232 

.27232 

3.67217 

46 

15 

.21712 

4.60572 

.23547 

4.24685 

•25397 

3-93751 

.27263 

3.66796 

45 

i6 

.21743 

4.59927 

.23578 

4.24132 

.25428 

3-93271 

.27294 

3.66376 

44 

17 

.21773 

4.59283 

.23608 

4.23580 

.25459 

3-92793 

.27326 

3.65957 

43 

i8 

.21804 

4.58641 

.23639 

4.23030 

.25490 

3.92316 

•27357 

3.65538 

42 

19 

.21834 

4.58001 

.23670 

4.22481 

.25521 

3-91839 

.27388 

3.65121 

41 

20 

.21864 

4.57363 

.23700 

4-21933 

•25552 

3.91364 

.27419 

3.64705 

40 

21 

.21895 

4.56726 

.23731 

4.21387 

•25583 

3-90890 

.27451 

3.64289 

39 

22 

.21925 

4.56091 

.23762 

4.20842 

.25614 

3.90417 

.27482 

3.63874 

38 

23 

.21956 

4.55458 

.23793 

4.20298 

.25645 

3-89945 

.27513 

3.63461 


24 

.21986 

4.54826 

.23823 

4.19756 

.25676 

3.89474 

.27545 

3.63048 

36 

as 

.22017 

4.54196 

.23854 

4.1921S 

.25707 

3.89004 

.27576 

3.62636 

35 

26 

.22047 

4.53568 

.23885 

4.1867s 

.25738 

3.88536 

.27607 

3.62224 

34 

37 

.22078 

4.52941 

.23916 

4.18137 

.25769 

3.88068 

.27638 

3.61814 

33 

28 

.22108 

4.52316 

.23946 

4.17600 

.25800 

3.87601 

.27670 

3.61405 

32 

29 

.22139 

4.51693 

.23977 

4.17064 

.25831 

3.87136 

.27701 

3.60996 

31 

30 

.22169 

4.51071 

.24008 

4-16530 

.25862 

3.86671 

.27732 

3.60588 

30 

31 

.22200 

4.50451 

.24039 

4.15997 

.25893 

3.86208 

.27764 

3.60181 

29 

32 

.22231 

4.49832 

.24069 

4.15465 

.25924 

3.8574s 

.27795 

3-59775 

2d 

33 

.22261 

4.49215 

.24100 

4-14934 

.25955 

3.85284 

.27826 

3-59370 

27 

34 

.2229a 

4.48600 

.24131 

4-14405 

.25986 

3.84824 

.27858 

3.58966 

26 

35 

.22322 

4.47986 

.24162 

4.13877 

.26017 

3.84364 

.27889 

3.58562 

25 

36 

.22353 

4.47374 

.24193 

4.13350 

.26048 

3.83906 

.27920 

3.58160 

24 

17 

.22383 

4.46764 

.24223 

4.12825 

.26079 

3.83449 

.27952 

3.57758 

23 

38 

.22414 

4.46155 

.24254 

4.12301 

.26110 

3.82992 

.27983 

3-57357 

22 

39 

.22444 

4.45548 

.24285 

4.11778 

.26141 

3.82537 

.28015 

3.56957 

21 

40 

.22475 

4.44943 

.24316 

4.11256 

.26172 

3.82083 

.28046 

3.56557 

20 

41 

.22505 

4.44338 

.24347 

4.10736 

.26203 

3.81630 

.28077 

3.56159 

19 

42 

.22536 

4-43735 

.24377 

4.10216 

.26235 

3.81177 

.28109 

3.55761 

18 

43 

.22567 

4.43134 

.24408 

4.09699 

.26206 

3.80726 

.28140 

3.55364 

17 

44 

.22597 

4.42534 

.24439 

4.09182 

.26297 

3.80276 

.28172 

3.54968 

16 

45 

.22628 

4.41936 

.24470 

4.08666 

.26328 

3.79827 

.28203 

3.54573 

IS 

46 

.22658 

4.41340 

.24501 

4.08152 

.26359 

3.79378 

.28234 

3-54179 

14 

47 

.22689 

4.40745 

•24532 

4.07639 

.26390 

3.78931 

.28266 

3-53785 

13 

48 

.22719 

4.40152 

.24562 

4.07127 

.26421 

3.78485 

.28297 

3-53393 

12 

49 

.22750 

4.39560 

•24593 

4.06616 

.26452 

3.78040 

.28329 

3 -S 300 I 

11 

50 

.22781 

4.38969 

.24624 

4.06107 

.26483 

3.7759s 

.28360 

3.52609 

10 

51 

.22811 

4.38381 

.24655 

4 .O 5 S 90 

.26515 

3.77152 

.28391 

3.52219 

9 

52 

.22842 

4.37793 

.24686 

4.05092 

.26546 

3.76709 

.28423 

3-51829 

8 

53 

.22872 

4.37907 

•34717 

4.04586 

.26577 

3.76268 

.28454 

3.51441 

7 

54 

.22903 

4.36623 

•24747 

4.04081 

.26608 

3.75828 

.28486 

3.51053 

6 

55 

.22934 

4.36040 

•24778 

4.03578 

.26639 

3.75388 

.28517 

3.50666 

5 

S6 

.22964 

4*35459 

.24809 

4-03075 

.26670 

3.74950 

.28549 

3.50279 

4 


.22995 

4.34879 

.24840 

4.02574 

.26701 

3.74512 

.28580 

3.49894 

3 

S8 

.23026 

4.34300 

.24871 

4.02074 

.26733 

3.74075 

.28612 

3.49509 

2 

59 

.23056 

4.33723 

.24902 

4.01576 

.26764 

3.73640 

.28643 

3.4912s 

z 

60 

.23087 

4.33148 

•24933 

4.01078 

.26795 

3-73205 

.28675 

3.48741 

0 


Co-TAN. 

Tan. 

Co-TAN. 

Tan. 

Co-TAN. 

Tan. 

Co-TAN. 

Tan. 



77® II 

76® II 

76® II 

74 ® 1 






TANGENTS 
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16 ® 

17 ® 

1 18 ® 

1 19 ® 



Tan. 

Co-tan. 

Tan. 

Co-TAN. 

Tan. 

Co-TAN. 

Tan. 

Co-TAN. 

i 

0 

.28675 

3.48741 

.30573 

3.27085 

.32492 

3.07768 

.34433 

2.90421 

60 

I 

.28706 

3.48359 

.30605 

3.26745 

.32524 

3.07464 

•34465 

2.90147 

59 

a 

.28738 

3-47977 

.30637 

3.26406 

.32556 

3.07160 

.34498 

2.89873 

S8 

3 

.28769 

3.47596 

.30669 

3.26067 

.32588 

306857 

•34530 

2.89600 

57 

4 

.28800 

3.47216 

.30700 

3.25729 

.32621 

3.06554 

•34563 

2.89327 

56 

5 

.28832 

3.46837 

.30732 

3.25392 

•32653 

3.06252 

.34596 

2.89055 

55 

6 

.28864 

3.46458 

.30764 

3.25055 

•32085 

3.05950 

.34628 

2.88783 

54 

7 

.28895 

3.46080 

.30796 

3.24719 

•32717 

3.05649 

.34661 

2.88511 

S 3 

8 

.28927 

3.45703 

.30828 

3.24383 

•32749 

3-05349 

.34693 

2.88240 

52 

9 

.28958 

3.45327 

.30860 

3.24049 

.32782 

3.05049 

•34726 

2.87970 

51 

10 

.28990 

3.44951 

430891 

3.23714 

■32814 

3.04749 

•34758 

2.87700 

50 

11 

.29021 

3.44576 

.30923 

3.23381 

.32846 

3.04450 

.34791 

2.87430 

49 

12 

.29053 

3.44202 

.30955 

3.23048 

.32878 

3.04152 

.34824 

2.87161 

48 

13 

.29084 

3.43829 

.30987 

3.2271s 

.32911 

3.03854 

.34856 

2.86892 

47 

14 

.29116 

3.43456 

.31019 

3-22384 

•32043 

3-03556 

.34889 

a. 86624 

46 

15 

.29147 

3.43084 

■31051 

3.22053 

.3297s 

3.03260 

.34922 

2.86356 

45 

16 

.29179 

3.42713 

.31083 

3.21722 

.33007 

3.02963 

•34954 

2.86089 

44 

17 

.29210 

3.42343 

•3111S 

3.21392 

.33040 

3.02667 

.34987 

2.85822 

43 

18 

.29242 

3.41973 

•31147 

3.21063 

.33072 

3.02372 

•35019 

2.85555 

42 

19 

.29274 

3.41604 

.31178 

3.20734 

.33104 

3.02077 

•35052 

2.85289 

41 

20 

•2930s 

3.41236 

.312^0 

3.20406 

•33136 

3.01783 

•3508s 

2.85023 

40 

21 

.29337 

3.40869 

.31242 

3.20079 

.33160 

3.01489 

.35117 

2.84758 

39 

22 

.29368 

3.4050a 

•31274 

3.19752 

.33201 

3.01196 

.35150 

2.84494 

38 

23 

.29400 

3.40136 

.31306 

3.19426 

.33233 

3.00903 

•35183 

2.84229 

37 

24 

.29432 

3.39771 

.31338 

3.19100 

.33266 

3.00611 

.35216 

3.8396s 

36 

25 

.29463 

3.39406 

.31370 

3.18775 

•33298 

3.00319 

.35248 

2.83702 

35 

26 

.29495 

3.39042 

.31402 

3.18451 

•33330 

3.00028 

.35281 

2.83439 

34 

27 

.29526 

3.38679 

.31434 

3.18127 

•333O3 

2.99738 

•35314 

2.83176 

33 

a8 

.29558 

3.38317 

.31466 

3.17804 

•33395 

2.99447 

•35346 

2.82914 

32 

29 

.29590 

3.37955 

.31498 

3.17481 

•33427 

2.99158 

.35379 

2.82653 

31 

30 

.29621 

3.37594 

.31530 

317159 

•33460 

2.98868 

•35412 

2.82391 

30 

31 

.29653 

3.37234 

.31562 

3.16838 

•33492 

2.98580 

•35445 

2.82130 

29 

32 

.29685 

3.36875 

.31594 

3.16517 

.33524 

2.98292 

•35477 

a.81870 

a8 

33 

.29716 

3.36516 

.31626 

3.16197 

.33557 

2.98004 

•35510 

2.81610 

27 

34 

.29748 

3.36158 

.31658 

3.15877 

•33589 

2.97717 

.35543 

2.81350 

26 

35 

.29780 

3.35800 

.31690 

3.15558 

.33621 

2.97430 

.35576 

2.81091 

25 

36 

.29811 

3-35443 

.31722 

3.15240 

.33654 

2.97144 

.35608 

2.80833 

24 

37 

.29843 

3.35087 

•31754 

3.14922 

.33686 

2.96858 

.35641 

2.80574 

23 

38 

•29875 

3-34732 

.31786 

3.14605 

•33718 

2.96573 

.35674 

2.80316 

22 

39 

.29906 

3.34377 

.31818 

i 3.14288 

.33751 

2.96288 

.35707 

2.80059 

21 

40 

.29938 

3.34023 

.31850 

3.13972 

•33783 

2.96004 

•35740 

2.79802 

20 

41 

.29970 

3.33670 

.3188a 

3 -13656 

.33816 

2.95721 

•35772 

2-79545 


42 

.30001 

3.33317 

•31914 

313341 

•33848 

2.95437 

.35805 

2.79289 

18 

43 

■30033 

3.32965 

.31946 

3.13027 

.33881 

2.95155 

.35838 

a.79033 

17 

44 

.30065 

3.32614 

.31978 

3.12713 

•33913 

2.94872 

.35871 

2.78778 

i6 

45 

.30097 

3.32264 

.32010 

3.12400 

.33945 

2.94590 

.35904 

2.78523 

IS 

46 

.30128 

3.31914 

.32042 

3.12087 

.33978 

2.94309 

.35937 

2.78269 

14 

47 

.30160 

3.31565 

.32074 

3.1177s 

.34010 

2.94028 

•35969 

2.78014 

13 

48 

i .30192 

3.31216 

.32106 

3.11464 

.34043 

2.93748 

.3600a 

a.77761 

12 

49 

.30224 

3.30868 

•32139 

3.11153 

.34075 

2.93468 

•36035 

2.77507 

IX 

50 

•3025s 

3.30521 

.32171 

3.1084a 

.34108 

2.93189 

.36068 

2.77254 

10 

51 

.30287 

3.30174 

.32203 

3.10532 

.34140 

a.92910 

.36101 

a.77002 

9 

52 

.30319 

3.29829 

.32235 

3-10223 

.34173 

a.92632 

.36134 

a.76750 

8 

53 

.30351 

3.29483 

.32267 

3.09914 

.34205 

a.92354 

.36167 

a.76498 

7 

54 

.3038a 

3.29139 

.32299 

3.09606 

.34238 

2.92076 

.36199 

2.76247 

6 

55 

.30414 

3.2879s 

•33331 

3.09298 

.34270 

2.91799 

.3623a 

a.75996 

S 

56 

.30446 

3.28453 

.32363 

3.08991 

•34303 

a.91523 

.36265 

2.75746 

4 

57 

.30478 

3.28109 

.32396 

3.0868s 

•34335 

2.91246 

.36298 

2.75496 

3 

58 

•30509 

3.27767 

.32428 

3.08379 

.34368 

2.90971 

.36331 

2.75246 

a 

59 

•30541 

3.27426 

.32460 

3.08073 

.34400 

1 2.90696 

*36364 

1 2.74997 

X 

60 

•30573 

3.27085 

.32493 

3.07768 

.34433 

3.90421 

.36397 

1 a.74748 

c 

/ 

CO-TAN. 

Tan. 

Co-tan. 

Tan. 

Co-TAN. 

1 Tan- 

Co-TAN. 

1 Tan. 

9 


7 a® 1 

72 ® 1 

71 ® 

1 70 ® 





1224 


SHOP TRIGONOMETRY 



1 20 ° 

1 21 » 

1 22 “ 

1 23 ° 


/ 

Tan. 

Co-tan. 

Tan. 

Co-tan. 

Tan. 

Co-TAN. 

Tan. 

Co-TAN. 


0 

.36397 

2.74748 

.38386 

3.60509 

.40403 

a.47509 

.42447 

2.35585 

60 

z 

.36430 

2.74499 

•38420 

3.60283 

.40436 

2,47303 

.42482 

2.3539s 

59 

a 

.36463 

2.74251 

••35453 

2.60057 

.40470 


.42516 

2.3520s 

58 

3 

.36496 

2.74004 

.38487 

2.59831 

.40504 

a.46888 

.42551 

2.35015 

57 

4 

.36529 

2.73756 

.38520 

2.59606 

.40538 

3.4668a 

.42585 

2.34825 

S6 

5 

.36562 

3.73509 

•38553 

2.59381 

.40572 

2.46476 

.42619 

a.34636 

55 

6 

.36595 

2.73263 

.38587 

2.59156 

.40606 

2.46270 

.42654 

2.34447 

54 

7 

.36628 

2.73017 

.38620 

2.58932 

.40640 

3.46065 

.42688 

2.34258 

53 

B 

.36661 

2.72771 

.38654 

2.58708 

.40674 

3.45860 

.42722 

2.34069 

52 

9 

.36694 

2.72526 

.38687 

2.58484 

.40707 

2.45655 

•42757 

2.33881 

51 

zo 

.36727 

2.72281 

.38721 

2.58261 

.40741 

2.45451 

.42791 

2.33693 

50 

zz 

.36760 

2.72036 

•38754 

2.58038 

.40775 

2.45246 

.42826 

2.3350s 

49 

13 

•36793 

2.71792 

.38787 

2.57815 

.40809 

2.45043 

.42860 

2.33317 

48 

*3 

.36826 

2.71548 

.38821 

2.57593 

.40843 

2.44830 

.42894 

2.33130 

47 

14 

.36859 

2.7130S 

.38854 

2.57371 

.40877 

2.44636 

.42929 

2.32943 

46 

IS 

.36892 

2.71062 

.38888 

2.57150 

.40911 

2.44433 

.42963 

2.32756 

45 

l6 

.36925 

2,70819 

.38921 

2.56928 

•40945 

2.44230 

.42998 

2.32570 

44 

17 

.36958 

2.70577 

•3895s 

2.56707 

.40979 

2.44027 

•43032 

2.32383 

43 

i8 

.36991 

2.7033s 

.38988 

2.56487 

41013 

2.43825 

.43067 

2.32197 

43 

IQ 

.37024 

2.70094 

.39022 

2.56266 

.41047 

2.43623 

.43101 

2.32012 

41 

30 

.37057 

2.69853 

•39055 

2.56046 

.41081 

2.43422 

.43136 

3.31836 

40 

31 

.37090 

a.69612 

.39089 

2.55827 

.41115 

2.43220 

.43170 

a.31641 

39 

32 

.37124 

2.69371 

.39122 

2.55608 

.41149 

2.43019 

.43205 

2.31456 

38 

*3 

.37157 

2.69131 

•39156 

2.55389 

.41183 

2.42819 

•43239 

2.31271 

37 

94 

.37190 

2.68892 

.39190 

2.55170 

.41217 

2.42618 

.43274 

2.31086 

36 

*S 

.37223 

a.68653 

•39223 

2.54952 

.41251 

2.42418 

.43308 

2.3090a 

35 
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Co-TAN. 

Tan. 

Co-TAN. 


o 

‘72654 

1.3763^ 

•75355 
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.88369 

1.13162 

.9x526 

1.09258 

.04786 

1.05501 

32 

29 
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.88421 
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31 

30 
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I.13029 
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.94896 
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30 

31 
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.88524 
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29 

32 
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.91740 
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28 

33 

.85559 
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1.12831 
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25 

36 
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.88784 
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24 

37 

.85761 
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1.12567 
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1.08686 
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1.04949 

23 

38 
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.88888 

1.12501 
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.95340 
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22 

39 
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.88940 

1.12435 
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1.08559 
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21 

40 
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1.12369 
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.95451 

1.04766 

20 

41 
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1.16329 

.89045 

1.12303 

.92224 

1.08432 

•95506 

1.04705 
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42 

.86014 

X.16261 

.89097 

1.12238 

.92277 

1.08369 
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18 

43 

.86064 

1.16192 

.89140 

1.12172 

.92331 

1.08306 
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1.04583 
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44 
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1.16124 

.89201 
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-92385 

1.08243 

•95673 

1.04522 

id 

45 

.86166 

1.16056 

.89233 

1.12041 

•92439 
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•95729 

1.04461 

XS 

46 
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1.15987 

.89306 
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.92403 
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.95785 
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14 

47 
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.89358 

1.11909 

.02547 
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•95841 
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13 
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II 

50 
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1.07864 
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10 
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1.04097 

9 

Sa 
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I.XS 579 
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8 

53 
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1.07676 
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7 

54 

.86623 
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1.11452 

.92926 

1.07613 
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6 

55 
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.89777 
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.92980 

1.07550 
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1.04855 

5 

56 

.86725 

1.15308 
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1.11321 

•03034 

1.07487 

•96344 

1.03794 

4 

57 

.86776 

1.15240 
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.93088 

1.07425 
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3 

58 
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9 

o 
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60 

21 
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39 

41 
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19 

1 
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1.03493 

59 

22 
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38 

42 

.98958 

1.01053 

18 

a 
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1.03433 

58 

23 
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37 

43 

.99016 

1.00994 

17 

3 
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57 

24 

.97927 
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36 

44 
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16 

4 
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56 

25 

.97984 
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35 

45 
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15 

5 
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55 

26 
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34 

46 
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14 

6 

.96907 
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54 

27 
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33 

47 

.99247 
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13 

7 
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53 

28 
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48 
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12 

8 
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29 
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11 
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53 
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34 
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25 

55 
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24 

56 
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44 
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57 
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0 

^1745 

.99985 

.03490 

•99939 

•05234 

.99863 

.06976 

.99756 

60 

I 

.01774 
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.03519 

.99938 
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59 

2 
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58 

3 
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57 
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.07092 
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.03635 
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.07759 
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.99900 
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.99806 

.07962 
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.99961 

.04536 
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.08252 
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45 
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46 
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.04827 

.99883 
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12 

\9 
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.99614 

.10511 

•99446 

.12245 

.90248 

•13975 

.09019 

S8 

3 
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•45917 

.88835 

.47460 

.88020 

40 

21 

.42815 

■90371 

.44385 

.89610 

.45042 

.88822 

.47486 

.88006 

39 

22 

.42841 

.90358 

.44411 

.89597 

.45968 

.88808 

•47SII 

.87993 

38 

23 

.43867 

.90346 

.44437 

.89584 

.45994 

.88795 

.47537 

.879:9 

37 

24 

.42894 

•90334 

.44464 

•89571 

.46020 

.88782 

.47562 

.87965 

36 

35 

.42920 

.90321 

.44490 

.89558 

.46046 

.88768 

.47588 

.87951 

35 

26 

.42946 

.90309 

.44516 

.89545 

.46072 

•88755 

.47614 

.87937 

34 

37 

.42973 

.90296 

.44542 

•89532 

.46097 

.88741 

.47639 

•87923 

33 

28 

.42999 

.90384 

.44568 

.89519 

.46123 

.88728 

.47665 

.87909 

32 

29 

.43025 

.90271 

.44594 

.89506 

.46149 

.88715 

•47690 

.87896 

3X 

30 

.43051 

.90259 

.44620 

89493 

.46175 

.88701 

.47716 

.87883 

30 

31 

.43077 

.90246 

.44646 

.89480 

.46201 

.88688 

.47741 

.87868 

29 

33 

.43104 

.90233 

.44672 

,89467 

.46226 

.88674 

•47767 

.87854 

aS 

33 

.43*30 

.90221 

.44698 

.89454 

.46252 

.88661 

.47793 

.87840 

27 

34 

.43156 

.90208 

.44734 

.89441 

,46278 

.88647 

.47818 

.87826 

26 

35 

■43182 

.90196 

.44750 

.89428 

.46304 

.88634 

.47844 

.87812 

25 

36 

.43209 

.90183 

•44776 

.89415 

.46330 

.88620 

.47869 

.87798 

24 

37 

•4323s 

.90171 

.44803 

.89403 

.46355 

.88607 

.47895 

.87784 

23 

38 

.43261 

.90158 

.44828 

.89389 

.46381 

•88593 

.47920 

.87770 

23 

39 

•43387 

.90146 

.44854 

•89376 

.46407 

.88e;8o 

.47946 

.87756 

21 

40 

•43313 

•90133 

.44880 

•89363 

•46433 

.88566 

.47971 

.87743 

20 

41 

•43340 

.90120 

.44906 

•89350 

.46458 

•88553 

.47997 

.87720 

10 

42 

•43366 

.90108 

.4493a 

•89337 

.46484 

.88539 

.48022 

.87715 

18 

43 

•43392 

.90095 

.44958 

.89324 

46510 

.88526 

.48048 

.87701 

17 

44 

•43418 

.90083 

.44984 

.89311 

.40536 

.88512 

.48073 

.87687 

16 

45 

•43445 

.90070 

•45010 

.89298 

.46561 

.88499 

.48099 

.87673 

15 

46 

.43471 

.90057 

.45036 

.89285 

.46587 

.88485 

.48124 

.87659 

14 

47 

•43497 

.90045 

.45062 

,89273 

.46613 

.88472 

.48150 

.87645 

13 

48 

•43523 

.90033 

.45088 

.89259 

.46639 

,88458 

.48175 

.87631 

13 

49 

•43549 

.90019 

.45114 

.89345 

.46664 

.8844s 

.48201 

.87617 

IX 

SO 

•43575 

.90007 

.45140 

.89233 

.46690 

.88431 

.48226 

.87603 

10 

51 

.4360a 

.89094 

.45166 

.89319 

.46716 

.88417 

.48252 

.87589 

9 

52 

.43628 

.89981 

45193 

.89306 

.46742 

.88404 

.48277 

.87575 

8 

53 

•43654 

.89968 

.45218 

.89193 

.46767 

.88390 

.48303 

.87561 

7 

54 

.43680 

.8^56 

.45243 

.89180 

.46793 

.88377 i 

.48338 

.87546 

6 

55 

•43706 

.89043 

.45269 

.89167 

.46819 

.88363 

.48354 

.87532 

5 

56 

•43733 

.89930 

.45295 

.89153 

.46844 

.88349 

.48379 

.87518 

4 

57 

43759 

.89918 

.45321 

.89140 

.46870 

.88336 

.48405 

.87504 

3 

58 

•43785 

.89905 

.45347 

.89127 

.46896 

.88322 

.48430 

.87490 

a 

59 

.4 o 5 ii 

.89893 

.45373 

.89114 

.46921 

.88308 

.48456 

.87476 

X 

60 

•43837 

.8^79 

•45399 

.89101 

.46947 

.8829s 

.48481 

.87463 

0 

/ 

CoSlNt 

Sms 

Cosine 

Sine 

Cosine 

Sins 

Cosine 

Sms 

/ 


64 ® 1 

6: 


62^ 

61 ® 
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29 ® 1 

CO 

31 » 

I 32 ® 


t 

Sms 

Cosine 

Sine 

Cosine 

Sine 

Cosine 

Sine 

COSINB 

/ 

0 

.48481 

.87462 

.50000 

.86603 

.51504 

.85717 

•52993 

•84805 

60 

1 

.48506 

.87448 

.50025 

.86588 

.51529 

.85702 

• 5301 7 

.84789 

59 

a 

.48532 

.87434 

.50050 

•86573 

.51554 

.85687 

.53041 

.84774 

58 

3 

.48557 

.87420 

.50076 

.86559 

•51579 

.85673 

.53066 

•84759 

57 

4 

.48583 

.87406 

.50101 

.86544 

.51604 

.85657 

.53091 

.84743 

S6 

5 

.48608 

•87391 

.50126 

.86530 

.51628 

.85643 

.53115 

.84728 

55 

6 

.48634 

•87377 

.50151 

.86515 

•51653 

.85627 

.53140 

.84712 

54 

7 

.48659 

•87363 

.50176 

.86501 

.51678 

.85613 

•53164 

.84697 

53 

8 

.48684 

•87349 

.50201 

.86486 

.51703 

•85597 

•53189 

.84681 

52 

9 

.48710 

.87335 

.50227 

.86471 

.51728 

.85583 

•S3214 

.84666 

51 

xo 

.4873s 

.87321 

.50252 

.86457 

•51753 

.85567 

•53238 

.84650 

SO 

XI 

.48761 

.87306 

.50277 

.86442 

-51778 

.85551 

•53263 

.84635 

49 

J2 

.48786 

.87292 

.50302 

.86427 

.51803 

.85536 

.53288 

.84619 

48 

13 

.48811 

.87278 

•50327 

.86413 

.51828 

.85521 

•53313 

.84604 

47 

X 4 

.48837 

.87264 

•50352 

.86308 

.51852 

.85506 

•53337 

.84588 

46 

IS 

.4886 a 

.87250 

.50377 

.86384 

•51877 

.85491 

.53361 

.84573 

45 

16 

.48888 

.8723s 

•50403 

.86369 

.51902 

.85476 

.53386 

.84557 

44 

17 

.48913 

.87221 

.50428 

•86354 

-51927 

.85461 

•53411 

.84542 

43 

18 

.48938 

.87207 

.50453 

.86340 

•51952 

.85446 

•S 343 S 

.84526 

42 

19 

.48964 

•87193 

.50478 

.86325 

•S1977 

.85431 

.53460 

.84511 

41 

ao 

.48989 

.87178 

.50503 

.86310 

.52002 

.85416 

•53484 

.84495 

40 

ai 

.49014 

.87164 

.50528 

.86295 

.52026 

.85401 

.53509 

.84480 

39 

aa 

.49040 

.87150 

.50553 

.86281 

.52051 

.85385 

.53534 

.84464 

38 

23 

.49065 

-87136 

.50578 

.86266 

.52076 

.85370 

.53558 

.84448 

37 

24 

.49090 

.87121 

.50603 

.86251 

.52101 

.85355 

.53583 

•84433 

36 

25 

.49116 

.87107 

.50628 

.86237 

.52126 

•85340 

.53607 

•84417 

35 

36 

.49141 

•87093 

.50654 

.86222 

.52151 

.85325 

.53632 

.84402 

34 

27 

.49166 

.87079 

.50679 

.86207 

.52175 

.85310 

.53656 

.84386 

33 

a8 

.49192 

.87064 

.50704 

.86192 

.52200 

.85294 

.53681 

.84370 

32 

29 

.49217 

.87050 

.50729 

.86178 

.52225 

.85279 

.53705 

.8435s 

31 

30 

.49242 

.87036 

.50754 

.86163 

.52250 

.85264 

.53730 

.84339 

30 

31 

.49268 

.87021 

.50779 

.86148 

.52275 

.85249 

•53754 

.84324 

29 

32 

.49293 

.87007 

.50804 

.86133 

.52299 

.85234 

.53779 

.84308 

38 

33 

.49318 

.86993 

.50829 

.86119 

.52324 

.85218 

•53804 

.84292 

1 27 

34 ' 

.49344 

.86978 

.50854 

.86104 

.52349 

.85203 

.53828 

.84277 

26 

35 

.49369 

.86964 

.50879 

.86089 

.52374 

.85188 

•53853 

.84261 

25 

36 

.49394 

.86949 

.50904 

.86074 

.52399 

.85173 

.53877 

.84245 

24 

37 

.49419 

.86935 

.50929 

.86059 

•52423 

•85157 

.53902 

.84230 

23 

38 

.49445 

.86921 

•50954 

.86045 

•52448 

.85142 

•53926 

.84214 

22 

39 

.49470 

.86906 

•50979 

.86030 

•52473 

.85127 

•53951 

.84198 

21 

40 

•49495 

.86892 

.51004 

,86015 

.52498 

.85112 

•53975 

.84182 

20 

41 

.49521 

.86878 

.51029 ! 

.86000 

.52522 

.85096 

.54000 

.84167 

19 

42 

.49546 

.86863 

.51054 1 

•8598s 

.52547 

.85081 

•54024 

.84151 

18 

43 

.49571 

,86849 

.51079 

.85970 

•52572 

.85066 

.54049 

.84135 

17 

44 

.49596 

.86834 

.51104 

.85956 

•52597 

.85051 

.54073 

.84120 

16 

45 

.49622 

.86820 

.51129 

.85941 

.52621 

•8503s 

.54097 

.84104 

IS 

46 

.49647 

.86805 

.51154 

.85926 

.52646 

.85020 

.54122 

.84088 

14 

47 

.49672 

.86791 

.51179 

.85911 

52671 

.85005 

.54146 

.84072 

13 

48 

.49697 

.86777 

.51204 

.85896 

.52696 

.84989 

•54171 

-84057 

12 

49 

•49723 

.8676a 

.51229 

.85881 

.52720 

.84974 

•54195 

.84041 

11 

50 

.49748 

.8674a 

.51254 

,85866 

.52745 

.84959 

.54220 

.84025 

10 

51 

.49773 

.86733 

.51279 

.85851 

•52770 

.84943 

.54244 

.84009 

0 

52 

49798 

.86719 

.51304 

.85836 

.52794 

.84928 

.54269 

.83994 

8 

53 

.40824 

.86704 

.51329 

.85821 

.52819 

.84913 

.54293 

•83978 

7 

54 

.49849 

.86690 

•51354 

.85806 

.52844 

.84897 

■54317 

.83962 

6 

55 

.49874 

.86675 

.51379 

.85792 

.52869 

.84882 

•54342 

.83946 

5 

56 

.49899 

'.86661 

.51404 

.85777 

.52893 

.84866 

.54366 

.83030 

4 

57 

.49924 

.86646 

.51429 

.85762 

.52918 

.84851 

•54391 

•83915 

3 

58 

•49950 

.86632 

.51454 

.85747 

.52943 

.84836 

.54415 

.83809 

3 

59 

49975 

.86617 

.51479 

.85732 

.52967 

.84820 

.54440 

.83883 

I 

60 

.50000 

.86603 

.51504 

.85717 

.52992 

.84805 

.54464 

.83867 

0 

f 

COIXMX 

Sine 

Cosine 

Sins 

Cosine 

Sins 

Cosine 

Sins 



flO* • 

1 60® 

1 68® ■ 1 

1 57 ® 
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0 

CO 

CO 

1 34 ° 

36 ® 

CO 


/ 

Sine 

Cosine 

Sine 

Cosine 

Sine 

Cosine 

Sine 

Cosine 

/ 

0 

.54464 

.83867 

.55919 

.82904 

•57358 

.8x9x5 

•58779 

.80902 

60 

X 

.54488 

.83851 

•55943 

.82887 

•57381 

.81899 

.58802 

.80885 

59 

2 

•54513 

.83835 

•55968 

.82S71 

•57405 

.81882 

.58826 

.80867 

58 

3 

•54537 

.83819 

•5599a 

.82855 

•57429 

.81865 

.58849 

.80850 

57 

4 

•54561 

.83804 

.560x6 

.82839 

•57453 

.81848 

.58873 

•80833 

56 

5 

.54586 

.83788 

.56040 

.82822 

•57477 

.81832 

.58896 

.80816 

55 

6 

.546x0 

.83772 

.56064 

.82806 

.57501 

.81815 

.58920 

.80799 

54 

7 

.5463s 

.83756 

.56088 

.82790 

.57524 

.81798 

.58943 

.80782 

53 

8 

.54659 

.83740 

.56x12 

.82773 

.57548 

.81782 

.58967 

.80765 

52 

5 > 

.54683 

.83724 

.56x36 

.82757 

•57572 

.81765 

.58990 

.80748 

51 

xo 

.54708 

.83708 

.56x60 

.82741 

.57596 

.81748 

.59014 

.80730 

SO 

XX 

•54732 

83692 

-.56x84 

.82724 

.576x9 

.8x731 

•59037 

.80713 

49 

12 

.54756 

.83676 

^.56208 

.82 708 

.57643 

.81714 

.59061 

.80696 

48 

13 

-54781 

.83660 

.56232 

.82692 

.57667 

.81698 

.59084 

.80679 

47 

14 

.54805 

.83645 

.56256 

.82675 

.57691 

.81681 

.59108 

.80662 

46 

IS 

•54829 

.83629 

.56280 

.82659 

•57715 

.81664 

•59131 

.80644 

45 

x6 

•54854 

.83613 

•56305 

.82643 

.57738 

.81647 

.59154 

.80627 

44 

17 

.54878 

.83597 

.56329 

£2626 

.57762 

.81631 

.59178 

.80610 

43 

18 

•54903 

.83581 

.56353 

.82610 

.57786 

.81614 

.59201 

•80593 

43 

19 

.54927 

.83565 

.56377 

.82593 

.57810 

•81597 

.59225 

.80576 

41 

ao 

.54951 

•83549 

.56401 

•82577 

.57833 

.81580 

.59248 

.80558 

40 

ax 

•54975 

.83533 

.56425 

.82561 

.57857 

.81563 

.59272 

.80541 

39 

22 

.54999 

•83517 

.56449 

.82544 

.57881 

.81546 

•5929s 

•80524 

38 

83 

.55024 

.8350X 

.56473 

.82528 

.57904 

.81530 

•59318 

.80507 

37 

84 

.55048 

.83485 

•56497 

.82SIX 

.57928 

.81513 

.59342 

.80489 

36 

as 

•SS073 

.83469 

.56521 

.82495 

•57952 

.81496 

.59365 

.80472 

35 

26 

.55097 

•83453 

.56545 

.82478 

.57976 

.81479 

.59389 

•80455 

34 

37 

.S 5 I 3 X 

.83437 

.56569 

.82462 

.57999 

.81462 

.59412 

.80438 

33 

28 

.55145 

.83421 

.56593 

.82446 

.58023 

• 3 x 445 

.59436 

.80420 

33 

30 

.55169 

.83405 

.56617 

.82429 

.58047 

.81428 

.59459 

.80403 

31 

30 

.55194 

.83389 

.56641 

.82413 

.58070 

.81412 

.59482 

AD386 

30 

31 

.55318 

•83373 

.56665 

.82396 

.58094 

.81395 

.59506 

.80368 

29 

33 

.55343 

•83356 

.56689 

.82380 

.58118 

.81378 

.59529 

.8035 X 

28 

33 

.55266 

•83340 

.56713 

.82363 

.58141 

.81361 

•59552 

•80334 

27 

34 

•55391 

•83324 

.56736 

.82347 

.58165 

.81344 

.59576 

.80316 

26 

35 

•55315 

.83308 

.56760 

.82330 

.58189 

.8x327 

.59599 

.80299 

25 

36 

•55339 

.83292 

.56784 

.82314 

.58212 

.81310 

.59622 

.80282 

24 

32 

•55363 

.83276 

.56808 

.82297 

.58236 

.81293 

.59646 

.80264 

23 

38 

55388 

.83260 

.56832 

.82281 

.58260 

.81276 

.59669 

.80247 

22 

39 

•5541a 

.83244 

.56856 

.82264 

.58283 

.81259 

.59693 

.80230 

21 

40 

.55436 

.83228 

.56880 

.82248 

•58307 

.81242 

.59716 

.802x2 

20 

41 

.55460 

.83213 

.56904 

.82231 

.58330 

.81225 

.59739 

.80195 

19 

43 

.55484 

•8319s 

.56928 

.82214 

.58354 

.81208 

.59763 

.80178 

18 

43 

•55509 

.83179 

.56952 

.82198 

•58378 j 

.81191 

.59786 

.80160 

17 

44 

•55533 

.83x63 

.56976 

.82181 

.58401 

.8x174 

.59809 

•80143 

16 

45 

•55557 

.83147 

.57000 

.82165 

•58425 

.81157 

.59832 

.80125 

15 

46 

.55581 

•83131 

.57024 

.82x48 

.58449 

.81x40 

.59856 

.80108 

14 

47 

.55605 

•8311s 

.57047 

.82132 

.58473 

.81123 

.59879 

.80091 

13 

48 

.55630 

.83098 

.57071 

.821x5 

.58496 

.81106 

.59902 

.80073 

12 

49 

.55654 

.83082 

•57095 

.82098 

.58519 

.81089 

.59926 

.80056 

II 

SO 

.55678 

.83066 

.57119 

.82082 

.58543 

.81072 

.59949 

.80038 

10 

51 

.55703 

.83050 

•57143 

.82065 

.58567 

.8 loss 

.59972 

.80021 

9 

53 

•55736 

.83034 

.57167 

.82048 

.58590 

.81038 

•59995 

.80003 

8 

S 3 

•55750 

.830x7 

.57191 

.82032 

.58614 

.81021 

.60019 

.79986 

7 

54 

.55775 

.8300 X 

•57215 

.82015 

.58637 

.81004 

.6004a ^ 

.79968 

6 

55 

.55799 

.82985 

.57238 

.81999 

.58661 

.80987 

.60065 

.79951 

5 

56 

•55833 

.82969 

.57362 

,81982 

.58684 

.80970 

.60089 

^.79934 

4 

52 

•55847 

.82953 

.57286 

.81965 

.58708 

.80953 

.60112 

.79916 

3 

58 

.55871 

.82936 

•57310 

81949 

.58731 

.80936 

.60135 

•79899 

2 

59 

•5589s 

.82920 

.57334 

.81933 

.58755 

.80919 

.60158 

.79881 

I 

fto 

•55910 

.82904 

.57358 

.81915 

.58779 

.8090a 

.60182 

.79864 

0 


Cosine 

Suoc 

Cosine 

Sine 

Cosine 

Sins 

Cosine 

I Sine 

"T 


5e 


61 


64® 1 

63° 
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I 3r 

II 38» 

II 39“ 

II 40» 


# 

Sms 

Cosine 

Sine 

Cosine 

Sine 

Cosine 

Sine 

Cosine 


e 

.60182 

.79864 

.6x566 

.78801 

.62932 

.77715 

•64279 

.76604 

60 

1 

.60205 

.79846 

.61589 

.78783 

.62955 

.77696 

.64301 

.76586 

59 

« 

.60228 

.79829 

.61612 

.78765 

.62977 

.77678 

•64323 

.76567 

58 

3 

.60251 

.798x1 

.61635 

.78747 

.63000 

.77660 

.64346 

.76548 

57 

4 

.60274 

.79793 

.61658 

.78729 

.63022 

.77641 

.64368 

.76530 

S6 

5 

.60298 

.79776 

.6x68x 

.78711 

.63045 

.77623 

.64390 

.76511 

55 

6 

.60321 

.79758 

.61704 

.78694 

.63068 

.77605 

.64412 

.76492 

54 

7 

.60344 

.79741 

.6x726 

.78(^76 

.63090 

.77586 

.64435 

.76473 

53 

6 

.60367 

.79723 

.61749 

.78058 

•63113 

.77568 

•64457 

•76455 

52 

Q 

U5 o 390 

.79706 

.61772 

.78640 

.6313s 

•77550 

.64479 

.76436 

51 

zo 

.60414 

.79688 

.6x795 

.78622 

•63158 

.77531 

.64501 

.76417 

50 

zx 

.60437 

•79671 

.61818 

.78604 

.63x80 

.77513 

.64524 

.76398 

49 

12 

.60460 

.79653 

.61841 

.78586 

.63203 

•77404 

.64546 

.76380 

48 

13 

.60483 

.79635 

.61864 

.78568 

.63225 

*77476 

.64568 

.76361 

47 

14 

.60506 

.79618 

.6x887 

.78550 

.63248 

•77458 

.64590 

•7634a 

46 

IS 

.60529 

.79600 

.61909 

•78532 

.63271 

•77436 

.64612 

•76323 

45 

x6 

.60553 

.79583 

.6x932 

.78514 

.63203 

.77421 

•6463 s 

.76304 

44 

17 

.60576 

.79565 

•61955 

.78496 

•633x6 

.77402 

.64657 

.76286 

43 

z8 

.60599 

.79547 

.6x378 

.78478 

•63338 

.77384 

.64679 

.76267 

42 

10 

.6062a 

•79530 

.62001 

.78460 

.63361 

.77366 

.64701 

.76248 

4t 

20 

.60645 

.79512 

.62024 

.78442 

•63383 

•77347 

.64723 

.76229 

40 

az 

.60668 

.79494 

.62046 

.78424 

.63406 

.77329 

.64746 

.76210 

39 

22 

.60691 

.79477 

.62069 

.78405 

.63428 

.77310 

.64768 

.76192 

38 

23 

.60714 

•79459 

.62092 

.78387 

.63451 

.77292 

.64790 

.76173 

37 

24 

.60738 

.79441 

.62x15 

.78369 

.63473 

.77273 

.64812 

.76154 

36 

35 

.60761 

.79424 

.62138 

.78351 

.63496 

.77355 

.64834 

•7613s 

35 

26 

.60784 

.79406 

.62160 

.78333 

.63518 

.77236 

.64856 

.76116 

34 

27 

.60807 

.79388 

.62183 

.78315 

•63540 

.77218 

.64878 

.76097 

33 

a8 

.60830 

.79371 

.62206 

.78297 

.63563 

•77199 

.6490 z 

.76078 

33 

29 

.60853 

.79353 

.62229 

.78279 

.63585 

.77181 

.64923 

.76059 

31 

30 

.60876 

.79335 

.62251 

.78261 

.63608 

.77162 

.64945 

.76041 

30 

31 

.60899 

.79318 

.62274 

.78243 

.63630 

.77144 

.64967 

.76022 

20 

33 

1 .60922 

.79300 

.62297 

.78225 

.63653 

.77125 

.64989 

.76003 

28 

33 

.60945 

.79282 

.62320 

.78206 

.63675 

.77107 

.650x1 

.75984 

27 

34 

1 .60968 

•79264 

.62342 

.78x88 

.63698 

.77088 

.65033 

.75965 

26 

35 

.6099Z 

.79247 

.62365 

.78170 

.63720 

.77070 

•65055 

.75946 

as 

36 

.610x5 

.79229 

.62388 

.78152 

.63742 

.77051 

.65077 

•75927 

24 

37 

.6x038 

.79211 

.624x1 

•78134 

.63765 

.77033 

.65x00 

.75908 

23 

38 

.6xo6x 

•79193 

•62433 

.78116 

.63787 

.77014 , 

.65x22 

.75889 

22 

30 

.61084 

..79176 

.62456 

.78098 

.63810 

.76996 

.65x44 

•75870 

at 

40 

.61107 

•79158 

.62479 

.78079 

.63832 

.76977 

.65x66 

.75851 

20 

41 

.61130 

.79140 

.62502 

.78061 

.63854 

.76950 

.65188 

.75832 

19 

43 

.61153 

.79122 

.62524 

.78043 

♦63877 

.76940 

.652x0 

.75813 

18 

43 

.6x176 

.79105 

.62547 

.78025 

.63899 

.76921 

.6523a 

•75794 

17 

44 

.61199 

.79087 

.62570 

.78007 

.63922 

.76903 

.65254 

.75775 

16 

45 

.6X222 

.79069 

.62592 

.77988 

.63944 

.76884 

.65276 

.75756 

IS 

46 

.61245 

•79051 

.62615 

.77970 

.63966 

.76866 

.65298 

.75738 

14 

^2 

.61268 

.79033 

.62638 

.77952 

.63989 

.76847 

.65320 

.75719 

13 

48 

.6x291 

•79016 

.626^ 

.77934 

.640x1 

.76828 

.6534a 

.75700 

12 

40 

.61314 

.78998 

.62683 

.77916 

! .64033 

.76810 

.65364 

.75680 

11 

50 

•61337 

,78^ 

.62706 

.77897 

.64056 

.76791 

.65386 

.75661 

ZO 

51 

.61360 

.78962 

.62728 

.77879 

.64078 

.7677a 

.65408 

.7564a 

9 

S 2 

.61383 

.78944 

.62751 

.77861 

.64100 

•76754 

.65430 

.75623 

8 

53 

4>I4 o 6 

.78926 

.62774 

•77843 

.64123 

.76735 

.65452 

.75604 

7 

54 

.61429 

,78908 

.62796 

.77824 

.64145 

.76717 

.65474 

.75585 

6 

55 

.61451 

,78891 

.62819 

.77806 

.64167 

.76698 

.65496 

.75566 

5 

36 

.61474 

.78873 

.62842 

.77788 

.64190 

.76679 

.65518 

•75547 

4 


.61497 


.62864 

.77769 

.642x2 

.76661 

.65540 

.75528 

3 

58 

4^1520 

.78837 

.62887 

•77751 

.64234 

.76642 

.65562 

.75509 

2 


.6x343 

.78819 

.62909 

•77733 

.64256 

.76623 

.65584 

•75490 

I 

4o 

4S1566 

.78801 

.62932 

.77715 

.64279 

.76604 

.65606 

.75471 

■ 0 

* 

Cosine 

Sine 

Cosine 

Sine 

Cosine 

Sine 

Cosine 

Sine 

f 


62^ II 

a* II 


9 

49® 1 




SINES 


124] 



. 41® 

42” 

1 43” 

1 44 ” 


/ 

Sine 

Cosine 

Sine 

Cosine 

Sine 

Cosine 

Sine 

Cosine 

f 

0 

.65606 

•7S47I 

•66913 

•743*4 

.68200 

•73*35 

.69466 

.71934 

60 

X 

.65628 

.75452 

.66935 

.74295 

.08221 

.731*6 

.69487 

.71914 

59 

2 

.65650 

•75433 

.66956 

.74276 

.68242 

.73096 

.69508 

.71894 

S8 

3 

.6567 a 

•75414 

.66978 

.74256 

.68264 

.73076 

.69529 

•7*873 

57 

4 

.65694 

•75395 

.66999 

.74237 

.68285 

.73056 

.69549 

•71853 

56 

S 

.65716 

•75375 

.67021 

.74217 

.68306 

•73036 

•69570 

•71833 

55 

6 

•65738 

•75356 

.67043 

.74*98 

.68327 

.73016 

.69591 

.71813 

54 

7 

.65759 

•75337 

.67064 

.74*78 

•68349 

.72996 

.69612 

-71793 

53 

8 

.65781 

•75318 

.67086 

.74159 

.68370 

.72976 

.69633 

.71772 

S3 

9 

.65803 

.75299 

.67107 

•74139 

.68391 

•72957 

.69654 

•71752 

51 

10 

.65825 

.75280 

.67129 

*74120 

.68412 

•72937 

.69675 

•71732 

50 

II 

.65847 

.75261 

r .67151 

.74100 

.68434 

.72917 

.69696 

.71711 

49 

12 

.65869 

•75241 

.67173 

.74080 

.6845s 

.72897 

.69717 

.71691 

48 

13 

.65891 

.7522a 

•67194 

.74061 

.68476 

-72877 

.69737 

.71671 

47 

14 

.65913 

•75203 

•6721s 

.74041 

.68497 

•72857 

.69758 

.71650 

46 

IS 

•65935 

•75184 

.67237 

.74022 

.68518 

•72837 

.69779 

.71630 

45 

16 

.65956 

•75165 

.67258 

.74002 

.68539 

.72817 

.69800 

.71610 

44 

17 

•65978 

.75146 

.67280 

•73983 

.68561 

.72797 

.69821 

•71590 

43 

18 

.66000 

.75126 

.67301 

.73963 

.68582 

.72777 

.69842 

.71569 

42 

19 

.66022 

.75107 

.67323 

•73944 

.68603 

.72757 

.6986 a 

.71549 

41 

ao 

.66044 

.75088 

.67344 

.73924 

.68624 

•72737 

.69883 

.71529 

40 

ai 

.66066 

.75069 

.67366 

.73904 

.68645 

.72717 

.69904 

.71508 

39 

aa 

.66088 

.75050 

.67387 

.73885 

.68606 

.72697 

.60925 

.71488 

38 

23 

.66109 

.75030 

.67409 

.73865 

.68688 

.72677 

69946 

.71468 

37 

*4 

.66131 

.75011 

•67430 

.73846 

.68709 

.72657 

.69966 

.71447 

36 

25 

.66153 

.74992 

.67452 

.73826 

.68730 

.72637 

.69987 

•71427 

3S 

a6 

.66175 

.74973 

.67473 

.73806 

.68751 

.72617 

.70008 

.71407 

34 


.66197 

•74953 

.6749s 

.73787 

.6877a 

.72597 

.70029 

.71386 

33 

as 

.66218 

.74934 

.67516 

.73767 

.68793 

.72577 

.70049 

.71366 

33 

*9 

.66240 

.74915 

.67538 

.73747 

.68814 

.72557 

.70070 

.71345 

31 

30 

.6626a 

.74896 

.67559 

.73728 

.68835 

.72537 

.70091 

•7132s 

30 

31 

.66284 

.74876 

.67580 

.73708 

.68857 

.72517 

.70112 

.71305 

29 

32 

.66306 

.74857 

.67602 

.73688 

.68878 ! 

•72497 

.70132 

.71284 

aS 

33 

.66327 

.74838 

.67623 

.73669 

.68809 

.72477 

•70IS3 

.71264 

27 

34 

.66349 

.74818 

.67645 

.73649 

.68920 

•72457 

.70174 

.71243 

a6 

35 

.66371 

.74799 

.67666 

.73629 

.68941 

•72437 

.70195 

.71223 

25 

36 

•66393 

.74780 

.67688 

.73610 

.68962 

•72417 

.70215 

.71203 

24 

37 

.66414 

.74760 

.67709 

•73590 

.68983 

.72397 

.70236 

.7118a 

23 

38 

.66436 

.74741 

.67730 

.73570 

.69004 

.72377 

•70257 

.71162 

aa 

39 

.66458 

.74722 

•67752 

•7355* 

.69025 

•72357 

.70277 

.71141 

az 

40 

.66480 

.74703 

.67773 

.7353* 

.69046 

•72337 

.70298 

.71121 

ao 

4t 

.66501 

•74683 

.67795 

.735*1 

.69067 

.72317 

.70319 

.71100 

*2 

42 

•66523 

.74664 

.67816 

.7349* 

.69088 

.72297 

•70339 

.71080 

18 

43 

■6654s 

.74644 

.67837 

.73472 

.69109 

.72277 

.70360 

.71059 

1 *7 

44 

.66566 

.74625 

.67859 

.73452 

.69130 

•72257 

.70381 

.71039 

16 

45 

.66588 

.74606 

.67880 

•73432 

.69151 

.72236 

.70401 

,71019 

1 *5 

46 

.66610 

.74586 

.67901 

•734*3 

.69172 

.72216 

.7042a 

.70998 

14 

47 

.6663a 

•74567 

.67923 

.73393 

.69193 

.72196 

.70443 

.70978 

13 

48 

.66653 

•74548 

.67944 

.7.3373 

.69214 

.72176 

.70463 

.70957 

la 

49 

.66675 

•74528 

.67965 

.73353 

.6923 s 

.72156 

.70484 

.70937 

11 

50 

.66697 

.74509 

.67987 

.73333 

.69256 

.72136 

.70505 

.70916 

xo 

51 

.66718 

.74489 

.68008 

•733*4 

.69277 

.72116 

.70525 

I .70896 

9 

52 

.66740 

.74470 

.68029 

.73294 

.69298 

.72095 

•70546 

.70875 

8 

53 

.66762 

•74451 

.68051 

.73274 

.69319 

.72075 

.70567 

.70855 

7 

54 

.66783 

.74431 

.68072 

.73254 

.69340 

.72055 

1 .70587 ' 

.70834 

6 

SS 

.66805 

.744*2 

.68093 

•73234 

69361 

.72035 

.70608 

...70813 

5 

56 

.66827 

.74302 

.68115 

•7321 5 

.69382 

.72015 

.70628 

.70793 

4 

57 

.66848 

.74373 

.68136 

.73*95 

69403 

.71995 

.70649 

.7077a 

3 

58 

.66870 

•74353 

.68157 

•73*75 

.60424 

.7*974 

.70670 

.70752 

a 

59 

.^^6891 

•74334 

.68 ! 79 

.73*55 

.69445 

•7*054 

.706^ 

.70731 

I 

60 

.66913 

.743*4 

.68200 

■7313s 

.69466 

.71934 

.70711 

.70711 

0 

' 

Cosine 

Sine I' 

Cosine* 

Sine 

Cosine 

Sins 

Cosine 

Sins 

f 


4g® ! 

4*2 

r® 

46 ® 11 

46 ® 1 
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' Sec. 


o 

I 

a 


3 

4 

5 

6 


9 

10 

11 
la 

13 

14 

15 

16 

17 

18 

19 

20 


21 

22 

23 

a4 

as 

26 

27 

28 

29 

30 


31 

3a 

33 

34 

35 

36 

37 

38 


39 

40 


:.oooi 

;.oooi 

i.OOOI 


41 

42 

43 


1.0001 
[.CXXJI 
t.OOOI 

[.0001 

[.0001 

:.oooi 

.0001 

;.oooi 


1.000Z 

1.0001 

[.OOOZ 

[.OOOZ 

[ 4)001 

r.oooz 

:.oooz 

; 4)001 

[.0001 

JOOOl 
: 4)001 


' I C0-S£C. 


0 ® 

1 “ 

20 

30 


Co-sec. 

Sec. 

CO-SEC. 

Sec. 

Co-sec. 

Sec. 

Co-SEC. 

/ 

Infinite. 

1.0001 

57.299 

1.0006 

28.654 

1.0014 

19.107 

60 

3437-70 

I.OOOI 

56-359 

1.0006 

28.417 

1.0014 

19.002 

59 

1718.90 

1.0002 

55.450 

1.0006 

28.184 

1.0014 

1 S .897 

58 

1145.90 

1.0002 

54-570 

1.0006 

27-955 

1.0014 

18.794 

57 

859-44 

1.0002 

53-718 

1.0006 

27.730 

1.0014 

18.692 

56 

687-55 

1.0002 

52-891 

1.0007 

27.508 

1.0014 

18.591 

55 

572.96 

1.0002 

52.090 

1.0007 

27.290 

i.oois 

18.491 

54 

49111 

1.0002 

Si -313 

1.0007 

27-075 

1.0015 

18.393 

S3 

429.72 

1.0002 

50.558 

1.0007 

26.864 

1.0015 

18.295 

5* 

381-97 

1.0002 

49.826 

1.0007 

26.655 

1 . 001 S 

18.198 

51 

343-77 

1.0002 

49-114 

1.0007 

26.450 

1 . 001 S 

18.103 

50 

312-52 

1.0002 

48.422 

1.0007 

26.249 

1.0015 

18.008 

49 

286.48 

1.0002 

47-750 

1.0007 

26.050 

1.0016 

17-914 

48 

264.44 

1.0002 

47.096 

1.0007 

25-854 

1.0016 

17.821 

47 

245-55 

1.0002 

46.460 

1.0008 

25.661 

1.0016 

17-730 

46 

229.18 

1.0002 

45.840 

1.0008 

25-471 

1.0016 

17-639 

45 

214.86 

1.0002 

45-237 

1.0008 

25.284 

1.0016 

17-549 

44 

202.22 

1.0002 

44-650 

1.0008 

25.100 

1.0016 

17-460 

43 

190.99 

1.0002 

44.077 

1.0008 

24.918 

1.0017 

17-372 

4 a 

180.73 

1.0003 

43.520 

1.0008 

24-739 

1.0017 

17 . 28 s 

41 

171.89 

1.0003 

42.976 

1.0008 

24.562 

1.0017 

17.198 

40 

163.70 

1.0003 

42-445 

1.0008 

24.358 

1.0017 

17-113 

39 

156.26 

1.0003 

41.928 

1.0008 

24.216 

1.0017 

17.028 

38 

149-47 

1.0003 

41-423 

10009 

24-047 

X .0017 

16.944 

37 

143-24 

1.0003 

40.930 

1.0009 

23.880 

1.0018 

16.861 

36 

137.51 

1.0003 

40.448 

1,0009 

23.716 

1.0018 

16.779 

35 

132.22 

1.0003 

39.978 

1.0009 

23-553 

1.0018 

1 C .698 

34 

127.32 

1.0003 

39.518 

1.0009 

23.393 

1.0018 

16.617 

33 

122.78 

1.0003 

39-069 

1.0009 

23-235 

1.0018 

16.538 

3 a 

118.54 

1.0003 

38-631 

1.0009 

23-079 

1.0018 

16.459 

31 

114.59 

1.0003 

38.201 

1.0009 

22.925 

J .0019 

16.380 

30 

110.90 

1.0003 

37-782 

1.0010 

22.774 

1.0019 

16.303 


107-43 

1.0003 

37-371 

1.0010 

22.624 

1.0019 

16.226 

28 

104.17 

1.0004 

36.969 

1.0010 

22.476 

1.0019 

16-150 

2 / 

lOI.lI 

1.0004 

36.576 

I.OOIO 

22.330 

1.0019 

16.075 

26 

98.223 

1,0004 

36.191 

1.0010 

22.186 
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t.2778 1.6064 1.29^ 1.5721 30 

1.2781 1.6058 1.2963 1.5716 29 

1.2784 1.6052 1.2966 1.5710 28 

1.2787 1.6046 1.2969 1.5705 27 

1.2790 1.6040 1.2972 1.5699 a6 

1.2793 1.6034 1-2975 1.5694 25 

1.279s 1.6029 1.2978 1.5688 24 

1.2798 1.6023 1.2981 1.5683 23 

1.2801 1.6017 1.2985 1.5677 22 

1.2804 J.6011 1.2988 1.5672 21 

1.2807 1.6005 X.2991 1.5666 20 

1.2810 1.6000 1.2994 1.5661 19 

1.2813 1.5994 1.2997 1-5655 18 

1.2816 1.5988 1.3000 X.5650 17 

1.2819 1.5982 1.3003 1.5644 16 

1.282a 1.5976 1.3006 1.5639 15 

1.2825 1.5971 1.3010 1.5633 14 

1.2828 1.5965 X.3013 1.5628 13 

1.2831 1.5959 1.3016 1.5622 12 

1.2834 1.5953 1.3019 1.5617 II 

1.2837 1.5947 1.303a 1.5611 lo 

1.2840 1.594a 1.3025 1.5606 o 

1.2843 1.5936 1.3029 1.5600 8 

1,2846 1.5930 1.3032 1-5595 7 

1.2849 1.5924 1.3035 1.5590 6 

1.285a X.5919 1.3038 1.5584 « 

1.2855 1.5913 1.3041 I.5S79 4 

1.2858 X.5907 1.3044 1.5573 3 

i.a86i 1.5901 1.3048 1.5568 a 

1.2864 1.5896 I.3051 1-5563 1 

1.2867 1.5890 1.3054 1.5SS7 0 

Co-SBC. Sec. Co-sec. Sec. ' 

61® 60® 
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44 ® 



44 ® 



440 



Sec. 

Co-sec. 

/ 

0 

Sec. 

Co-sec. 

/ 

/ 

Sec 

Co-SEC. 

9 

0 

1.3909 

X.439S 

60 

9 Z 

X.3984 

1-4305 

39 

41 

1.4065 

i.42ai 


I 

X- 390 S 

X.4391 

59 

29 

1.3988 

1.4301 

38 

42 

1.4069 

I.42I7 

18 

a 

X.3909 

X.4387 

58 

23 

1.3992 

1.4297 

37 

43 

1.4073 

1.4212 

17 

3 

X.3913 

1.4382 

57 

24 

1.3996 

1.4292 

36 

44 

1 4077 

1.4208 

v6 

4 

1-3017 

1.4378 

56 

25 

1.4000 

1.4288 

35 

45 

1.4081 

1.4204 

15 

5 

1.3991 

1.4374 

55 

96 

1.4004 

1.4284 

34 

46 

1.4085 

1.4200 

14 

6 

1.392s 

1.4370 

54 

27 

1.4008 

1.4280 

33 

47 

1.4080 

1.4196 

13 

7 

X.3929 

1.436s 

S 3 

28 

2.4012 

1.4276 

32 

48 

1.4093 

1.4192 

12 

8 

X.3933 

1.4361 

52 

29 

1.4016 

1.4271 

31 

49 

X .4097 

1.4188 

II 

9 

1.3937 

X. 43 S 7 

51 

30 

1.4020 

1.4267 

30 

50 

1.4101 

1.4183 

10 

to 

X 3941 

1.435a 

50 

31 

1.4024 

1.4263 

29 

51 

1.4IOS 

1.4179 

g 

II 

1.394s 

1.4348 

r 49 

32 

1.4028 

1.4259 

28 

52 

1.4109 

1.417s 

8 

la 

X.3949 

X.4344 

48 

33 

1.4032 

1.4254 

27 

53 

1.4113 

1.4I7I 

7 

13 

I. 39 S 3 

X.4339 

47 

34 

1.4036 

1.4250 

26 

54 

I.4II7 

1.4167 

6 

14 

X.3957 

1.433s 

46 

35 

1.4040 

1.4246 

25 

55 

1.412a 

1.4163 

5 

IS 

X.3960 

X.4331 

45 

36 

1.4044 

1.424a 

24 

56 

1.4126 

1.4159 

4 

16 

X.3964 

X.4327 

44 

37 

1.4048 

1.4238 

23 

57 

1.4130 

1.4154 

3 


X.3968 

1.4322 

43 

38 

1.4052 

1.4233 

22 

58 

1.4134 

1.4150 

9 

x8 

1.3972 

1.4318 

42 

39 

1.4056 

1.4229 

21 

59 

1.4138 

1.4146 

X 

19 

X.3076 

X.4314 

41 

40 

1.4060 

1.4225 

20 

60 

1.4142 

1.4142 

0 

90 

! X.3980 

I.4310 

40 









/ 

CO-SEC. 

Sec. 

f 

f 

Co-sec. 

Sec. i 

f 


Co-sec- 

Sic 
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46 ® 



46 ® 



46 ® 



SINES OF SECONDS 

It is convenient at times to use a table of sines of seconds to avoid having 
to interpolate for values between even minutes in a table of sines. Thus if 
we have an angle of lo degrees, 30 minutes, 22 seconds, we can take the value 
for 10 degrees 30 minutes (0.18224) directly from the regular table of sines, 
then under this table of sines of seconds find the sine of 22 seconds (0.000106) 
which, added to 0.18234, gives us 0.18225 as the sine of the above angle. 


SINES OF SECONDS 


Seconds 

Sine 

Seconds 

Sine 

• Seconds 

Sine 

I 

0.0000048 

21 

0 0001018 

41 

0.0001987 

2 

0.0000096 

22 

0.0001066 

42 

0.0002036 

3 

0.000014s 

23 

0.0001115 

43 

0.0002084 

4 

0.0000193 

24 

0.0001163 

44 

0.0002133 

5 

0.0000242 

25 

0 0001212 

45 

0.0002181 

6 

0.0000290 

26 

0.0001260 

46 

0.0002230 

7 

O.OOOOJ 39 

27 

0.0001309 

47 

0.0002278 

8 

0.0000387 

28 

0.0001367 

48 

0.0002327 

9 

1 0 0000436 

29 

0.0001406 

49 

0.0002375 

10 

0.0000484 

30 

0.0001454 

SO 

0.0002424 

II 

0.0000532 

31 

0.0001502 

51 

0.0002472 

12 

0.0000581 

32 

0.0001551 

52 

0.0002521 

13 

0.0000630 

33 

0.0001599 

53 

0.0002569 

14 

0.0000678 

34 

0.0001648 

54 

0.0002618 

IS 

0.0000727 

35 

0,0001699 

55 

0.0002666 

16 

0.000077s 

36 

0.000174s 

S6 * 

0.000271S 

17 

0.0000824 

37 

0.0001793 

57 

, 0.0002763 

18 

0.0000872 

38 

0.0001842 

58 

0.0002811 

19 

0.0000921 

39 

0.0001890 

59 i 

0.0002860 

20 

0.0000969 

40 

0.0001939 

60 

0.0002908 


Note.— For angles above 20 degrees the following values can be taken for 
the sine of i second if increased accuracy is required: 20 to 30 degrees, 
0.000004s; 30 to 40 degrees, 0.0000038; 40 to 50 degrees, 0.0000033; 50 to 
60 degrees, 0.0000026. Multiply the given constant by the number of 
seconds in the problem. 
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Aero-thread—A system for use in soft metals in which a helical steel 
coil is used between the tapped hole and the stud. 

Allowance—Desired difference in dimensions of mating parts. 
A working clearance not to be confused with tolerance. 

Angle Irons or Plates—Usually castings, for holding work at any 
desired angle to the cutting tool. Made for use on the face¬ 
plate of a lathe or table of milling machine, planer, boring 
mill, etc. 



Anvils—Blocks of iron or steel on which 
metals are hammered or forged. 
Usually have a steel face. A square 
hole is usually provided for holding 
hardies, fuller blocks, etc. 


Apron—A protecting or covering plate that encloses any mecha¬ 
nism, such as the apron of a lathe. 

Arbor—A shaft or bar for holding cutting tools. Frequently has a 
taper shank fitting the spindle of a 
machine. The term was formerly used 
interchangeably with “mandrel’’ on which 
work is held. See Mandrel. 


B 

Babbitt Metal—A general name applied to soft bearing metals. 
Named after man who devised a good tin and copper alloy. 
Antimony and lead are also frequently used in small quantities 
in the mixture. 

Back Lash —Lost motion in moving parts, such as a screw in its nut 
or in the teeth of mating gears. 

Back Rest—A rest for supporting slender work in turning or grind¬ 
ing. When the rest follows the cutting tool, it is frequently 
caUed a “follow or follower rest.” Differs from a steady rest 
by not surrounding the work. 

Backing-Off —Removing metal behind the cutting edge to relieve 
friction in cutting, as in taps or reamers. Now usually called 
“relief.” Should not be confused with “clearance.” See 
Relief and Clearance. 

Balance, Dynapoic or Running —Securing the proper distribution of 
weight so that shafts or pulleys will run without vibration. 
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Balance, Static or Standing —Distributing the weight of pulleys or 
shafts so that, when placed on knife-edge ways, they will stand 
in any position. If unbalanced, the heavy side rolls to the 
bottom. 

Balancing Machine —Machine for measuring the ‘‘throw,” or 
“out of balance” of a revolving piece and showing the amount 
and location of weight to be added or removed to secure a 
running balance. 

Balancing Ways —^Level strips or sharp-edged disks for testing 
shafts or pulleys for standing balance. The disks are usually 
mounted on ball bearings. 

Band Saw —Contiguous saw running on and driven by suitable 
pulleys. Originally used only for wood, is now commonly 
used on metals. For inside work the saw ends are put through 
a hole and brazed by a small electric device on the machine. 
One make uses a very long saw blade that is not brazed. It 
is pulled through the work and then returned rapidly for the 
next cut. 

Bastard —Not regular. Seldom used except as applied to a file or 
thread of irregular cut or shape. 

Bearing —The support in which a shaft revolves. May be plain, 
ball or roller. The latter interpose balls or rollers between the 
shaft and the support to reduce friction. Frequently called 
anti-friction bearings. 

Bench, Inspection —See Inspection Bench; Laying-Out Bench; 
Workbench. 

Bevel —Any surface not at right angles to the rest of the 
piece. When at 45 degrees the bevel is frequently called a 
miter. Name is also given to tool for measuring or laying off 
bevels. When combined with a scale of degrees, it is called 
a bevel protractor. 

Blocks, Hoisting —Any combination pulleys and ropes or chains 
by which weights are lifted. They are usually hand operated 
but in some few cases employ either electric or air motors. 
Differential, planetary or worm gearing is used. 

Blocks, Hoke —Gage blocks for positive measurements, designed 
by Major Hoke. Used for checking snap and other gages. 

Blocks, “Jo” —Shop name for Johannssen measuring blbcks. 

Blow Pipe —A device for mixing a jet of 
air with a flame both to direct the 
flame and to increase the heat. The 
upper picture shows the type used 
with an alcohol lamp, while the lower 
mixes both gas and air by means of 
the pipes and valves shown. 

Blow Torch —A portable device for securing intense local heat. 

Used by plumbers and for similar 
work. 

Bolster—A block sometimes called the 
die block, in which a punch press 
die is held. It is attached to the 
bed by bolts at either end. 
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BOLTS: 

Agricultural Bolt —Agricultural bolts, as indicated by the name, arc 
^ used in farm machines and appliances, 

J The body of the bolt has a series of hel- 
ical lands and grooves which are formec 
^ by a rolling process. 

,_Boiler-Patch Bolt —A bolt used in fasten- 

patches on boilers. The patch is 

I- \ B M countersunk for the cone head, and 

I_ k boiler shell tapped for bolt thread 

The square head is knocked off aftei 
bolt is in place. 

Expansion Bolt —In attaching parts to brick, stone or concrete 

^ ^ ^ ^ ^ ^_ walls and floors, expansion bolts are 

nt -i.VArAll frequently employed. The “Star” boll 

yi-in the illustration has an internally 

threaded, split sleeve which is slipped 
into a hole made in the wall and then expanded by running ir 
the screw. 

Hanger Bolt —This bolt is used foi 
attaching hangers to woodwork and 
U B consists of a lag screw at one end 

. with a machine bolt thread and nut 

at the other. 

Machine Bolts 

0=nw@i 0'~giz'-iO 


Hexagon Head 


Square Head 




Round Head 


Square Countersunk Head 


Miscellaneous Bolts 


Tire 


Loom or Carriage 
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Deck Bridge or Roof 



SinW Track 



DiO 


)n01>|[> 

&i0 



Plow Bolt—Several types of plow and 
cultivator bolts are shown in the 
accompanying engravings,the forms 
illustrated being typical of a variety 
of bolts manufactured for agricul¬ 
tural apparatus. 

A—^Large Round Head 
B—Square Head 
C—Round Head, Square Shank 
D—Round Head 
E—Key Head 
F—Tee Head 
G—Button Head 
H—Concave Head 
I—Reverse Key Head 
J - Large Key Head. 

Stove Bolt—Stove bolts are made in 
sizes ranging from | to f inch. 
The heads commonly formed are 
the round or button head, and the 
flat or countersunk head. 


Round or Button Head ^ , 

Tap Bolt—Tap bolts are usually threaded 
the full length of the body, which is 
not machined prior to running on 
the die. Only the point and the 
under side of the head are finished. 
They are also made with square 

Hexagon Head Tap Bolt heads. 

Bolt Cutter—Machine for cutting threads on bolts. 
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Bolt Header—Machine for upsetting the bolt body to form the 
head. 

Boring and Turning Mill—Machine having a rotating horizontal 
table for the work with one or more stationary vertical tools for 
boring, turning or facing; a turret is often provided for holding 
a number of tools in one of the heads. Sometimes has a tool 
head on side rail. Often called “vertical mill.” Horizontal 
boring machines are not usually called “mills.” 



BORING MILL, VERTICAL 


I. Bed. 

2* Table. 

3. Housing. 

4. Rail. 

5. Saddle. 

6. Swivel. 

7. Ram. 

8. Swivel damp. 

9. Arch. 

10. Peed box. 

11. Change gear lever. 

12. Back gear lever. 

13. Peed reverse lever. 

14. Peed back gear lever. 

15. Tumbler lever. 

x6. Start and stop lever. 


17. 

18. 

19. 

20. 

21. 

22. 

23. 

24. 

25 . 

26. 

27. 

28. 

29. 

30. 

31. 

32. 


Vertical feed lever. 

Cross feed lever. 

Rapid traverse handle. 

Rail screw. 

Feed clutch. 

Crank handle. 

Tool holder. 

Swivel segment gear. 

Peed rod. 

Peed shaft. 

Rapid traverse shaft. 

Horizontal rapid traverse shaft. 
Elevating gear. 

Elevating device. 

Elevating shaft. 

Elevating screw. 
















BORING MACHINE, HORIZONTAL 

1. Spindle feed clutch. I3- Hand adjustment for saddle 

2. Quick hand spindle movement. micrometer dial. 

3. Interlocking back gear levers 14. Reverse lever for feed and quick 

4. Head locking lever, return. 

5. Slow spindle movement. iS* Feed change levers. 

6. Spindle. 16. Head elevating screw. 

7. Tail block clamp. I7. Peed and quick return lever. 

8. Back rest base clamp. 18. Removable bed guard. 

9. Power control lever. 19. Platen feed trip lever. 

10. Speed change levers. 20. Limit stop to platen. 

11. Interlocking feed levers. 21. Saddle clamp. 

12. Hand adjustment for head, 22. Hand adjustment for platen, 

micrometer dial. micrometer dial. 

Brass —An alloy of copper with zinc and lead. 

Brazing —The joining of metals by the use of copper filings or 
chips and borax or some other flux This is usually called 
spelter or hard solder and can be applied to almost any of the 
harder metals. 

Brazing Clamps —Clamps to hold the ends of band saw or other 
work for brazing. 

Broach —A tool which is practically a series of chisels or cutting 
edges for enlarging holes or changing their shape. The same 
name is sometimes given to a small reamer used by jewelers. 

Broaching —This has become a standard method of machining both 
holes of any shape and outside surfaces that were formerly 
milled. Machines are made in horizontal, vertical, and 
rotary forms. Some machines closely approach milling by 
using rotating cutters. 

Bronzes —Alloys of copper and tin. Used in coinage, bells, statu¬ 
ary, musical instruments, etc. v 

Bull Blocks —Blocks through which wire or rods are drawn to reduce 
size. 

Bull Wheel —Usually applied to the gear of a planer which meshes 
into the rack under the table and drives it. 

Bulldozer —Heavy forming machine for bending iron or steel and in 
which the dies move horizontally. Very similar to a forging 
press. 
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Btinsen Burner —A device for securing a 
very hot flame by mixing air and gas 
in a chamber behind the flame. 
The one shown has two side pieces 
which make the flame flat instead of 
round. 

Burnishers —Tools of hardened and polished steel for finishing 
metals by friction. They are held against the revolving work 
and give a smooth surface by compressing the outer layer 
of the metal. 

Burnishing —Finishing metal by contact with hardened surfaces 
that compress the surface to some extent. Largely used 
in railway work for crankpins and axles. Also used by some 
for finishing gear teeth before hardening by rolling with hard¬ 
ened gears. Burnishing is also done by using steel balls in 
tumbling barrels. 

Bushing —Tube or shell supported by other material. Hardened 
bushings are used in jig work to guide drills or other tools. 
Bushings are frequently used as bearings for revolving shafts. 

Butt Joint—A riveted joint with the ends of the plates abutting 
squarely against each other. 

Butt Weld —A weld in which the ends of the two pieces simply abut 
against each other for welding together. 

C 


i-Joint Calipers—Having a large firm 
joint in place of old style plain riveted 
joint. This shows an inside caliper. 


Gear-Tooth Caliper—A caliper with two 
beams at right angles. The vertical 
beam gives tooth depth to pitch line 
and the other the thickness at pitch 
line. Both have verniers. Used in 
measuring teeth for accuracy. 





Hermaphrodite Caliper —A combination of 
one leg of a divider and one leg of a 
caliper. Used in testing centered work 
andf in laying off distances from the 
edge of a piece. 

Keyhole Caliper —Has one straight leg and 
the other curved. 
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Micrometer Caliper— A measuring in¬ 
strument consisting of a screw and 
having its barrel divided into small 
parts so as to measure slight degrees 
of rotation. Usually measures to 
thousandths, sometimes to ten- 
thousandths. 



lililihlilitPililililililililililil 1— 
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Odd-Leg Caliper—Calipers having both legs 
pointing in the same direction. Used in 
measuring shoulder distances on flat work, 
' boring half round, boxes, etc. 

Outside, Spring Caliper—Tool for measur¬ 
ing the outside diameter of work. 

D Controlled by spring and threaded nut. 

Nuts are sometimes split or otherwise 
designed to allow rapid movement 
when desired, final adjustment being 
made by screw. 

- Slide C^per—A beam caliper made 

jjj] with a graduated slide. Generally 

- I made small for carrying in the 

pocket. 

Square-micrometer Caliper—A beam 
; I caliper having jaws square with the 

blade,and having a vernier-microm¬ 
eter adjustment to read to thou¬ 
sandths of an inch. 


Transfer Caliper—A caliper that can be set to a given size, the 



auxiliary arm set, and the calipers opened 
at will, as they can be reset to the auxil¬ 
iary arm at any time. Used to caliper 
recesses and places where the legs must 
be moved to get them out. 

Cam, Drum or Barrel—The drum cam 
has a path for the roll cut around 
the periphery and imparts a to-and- 
fro motion to a slide or lever in a 
plane parallel to the axis of the cam. 
Sometimes these cams are built up 
of a plain drum with cam plates 
attached. 



Cam, Edge—Edge or peripheral cams (also 
called “disc cams”) operate a mecha¬ 
nism in one direction only, gravity, or 
a spring, being relied upon to hold the 
cam roll in contact with the edge of the 
cam. On the cam shown, a to 6 is 
the drop; 6 to c the dwell; c to d, rise; 
d to a, dwell. 
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Cam, Face—Face cams have a groove 
or roll path cut in the face and oper¬ 
ate a lever or other mechanism posi¬ 
tively in both directions, as the roll 
is always guided by the sides of the 
slot. 


Carbide Tools—Tools with cutting points of tungsten, tantalum, 
or other alloy with cemented carbides. The carbide tips are 
brazed to high-grade steel shanks for strength and rigidity. 

Carbonizing or Carburizing—The heat-treatment of steel so that the 
outer surface can be hardened. The surface absorbs carbon 
from the material used. 

Case-Hardening—Former name for carburizing. 

Castle or Castellated Nut—A nut with slots across the outer end to 
receive a cotter pin put through the bolt to prevent loosening. 

Cat Head—A collar or sleeve which fits loosely over a shaft and is 
clamped to it by setscrews. Used for steady rest to run on 
where it is not desired to run it on the work. 

Same name is also given to the head carrying cutters on bon 
ing bars. 

Cemented Carbide Tools—Tools made from pulverized carbides 
and tungsten, tantalum, or other alloys fused into a very hard 
tip for high-speed cutting. Next to a diamond in hardness. 

Center, Dead—The back center or the stationary center on which 
the work revolves. On many grinding machines both centers 
are dead. 

Center, Live—The center in the revolving spindle of a lathe or 
similar machine. It is highly important that this should run 
true or it will cause the work to move in an eccentric path. 

Center Pimch—Punch for marking points 
on metal. Made of steel with a sharp 
point and hardened. Often called a 
prick punch. 

Center Punch, Automatic—Has a spring-actuated hammer in the 
handle, which is released when the handle is pressed way down. 

The point can be placed where 
desired and the blow given by a pres¬ 
sure of the hand. In some cases the 

D blow can be varied. 

Center Punch, Bell or Self-Centering— 
■"“^1 % A center punch sliding in a bell or 

1 ®hZZZ) cone-mouthed casing so that when 

B a placed square over the end of any 

bar it will locate the center with suf¬ 
ficient accuracy for most purposes. 
Center Punch, l^ating —Having an extra leg that has a spring 
point and is adjustable. The spring is placed in the first 
punch mark and so locates the next 
punch mark at the right distance from 
the first. 
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Centering Machines—For drilling and reaming center of work for 
the lathe or grinder. 

Chamber—A long recess. See Recess. 

Chasers—Tools used for cutting threads by chasing. Usually have 
several teeth of right pitch, but name is sometimes applied to a 
single-point tool used in brass work on a Fox lathe. Chasers 
are made circular or flat. The cutting tools used in die heads. 

Chasing Threads—Cutting threads by moving a single tool along 
the work at the right speed to give the proper pitch. Dis¬ 
tinguishes between threads cut with a die and those cut with a 
threading tool. 

Chattering—Cauied by a slight jumping of the tool away from the 
work, or mce versay and leaves little ridges on the surface. 
The jumping is due to springing of the tool, work, or machine. 

Chipping—The cutting of metal with cold chisel and hammer. 
Also used when a piece “chips” or breaks out of a piece or 
punch. 

Chisel, Cape—Chisel with a narrow blade for cutting keyways and 
similar work. 


Chisel, Cold—Any chisel for cutting cold 
metal. Name is usually applied 
to plain flat cold chisel, as in 
illustration. 

Chisel, Diamond or Lozenge—Similar 
to a cape chisel but with square end 
and cutting edge at one corner. 
Used for cutting a sharp-bottomed 
groove. 


Chisel, Round—A round-end chisel with the cutting edge ground 
back at an angle. Used for cutting oil grooves and similar 
work. 

Chuck, Draw—Operated by moving longitudinally in a taper bear¬ 
ing. Used on precision work. 

Clearance—Space allowed to prevent interference. 

Climb Cutting—Milling with the direction of feed where the cutter 
tooth “climbs” or comes down on the w'ork. 

Comparator—Name given to a machine designed by James Hart- 
ness to measure screw threads and similar parts by projecting 
an enlarged shadow on a chart to compare the screw with the 
desired standard. 

Coping Machine—For cutting away the flanges and comers of 
beams and bending the ends. 

Cotter, Spring—Also called split cotter, split pin, etc. Used in a 
hole drilled crosswise of a stud, shaft or 
some similar member, and its ends 
spread apart to retain it in place and 
keep some member carried by the shaft 
from slipping off or turning. 
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Counter, Revolution—Device for counting 
the revolutions of a shaft. Generally 
made with a worm and a gear hav¬ 
ing 100 teeth so that one turn of dial 
equals 100 revolutions. 

Counterbore —Has a pilot to fit a hole already drilled, or drilled 
and reamed, and its body with cutting 

-^ edges on the end is used to enlarge the 

^hole to receive a screw head or body or 
for some similar purpose. 

Countershaft —An intermediate shaft, between the main drive 
and the final shaft or spindle. Us^ for starting, stopping, and 
reversing machinery. 




Coupling, Clamp —Couplings made in 
two or more parts, clamping around 
the shafts by transverse bolts. 
Hold either by friction or have 
dowels in shaft. Sometimes called 
^‘compression” although this is 
confusing. 

Coupling, Compression —Grips shafting by 
drawing together tapered parts. This 
forces them against shaft and holds it 
firmly. Bolts parallel with shaft draw 
parts together. 


Coupling, Friction —Couplings which depend on frictional contact. 

Coupling, Jaw or Clutch —Positively engaged by jaws or projections 
on the face of opposing parts. 

Crane, Gantry —Traveling crane mounted on posts or legs for yard 
use. The legs travel on rails to change position. 

Crane, Jib —Crane with a swinging boom or arm. 

Crane, Locomotive —Crane mounted on a car with an engine so as 
to be self-propelling on a track. 

Crane, Monorail —Traveling crane that is suspended from a single 
rail. Sometimes carries an operator in a suspended cage, or 
is operated from the floor or a central control point. 

Crane, Pillar —Having the boom or moving arm fastened to pillar 
or post. 

Crane, Portable —Hoisting frame on wheels which can be run 
around to the work and used to handle work in and out of 
lathes and other machines. 

Crane, Post—See Crane, Pillar. 

Crane, Traveling —Crane with a bridge or cross beam having wheels 
at each enq so that it can be run on overhead tracks to any 
point in tiie shop. 
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Cr^e, Wall—A movable crane supported by rails on a wall. 

Crimping—Fluting, corrugating, or compressing metal ring to 
reduce its diameter. 

Crossra^—The part of a planer, boring mill, or similar machine on 
which the tool heads or slides move and are supported. 

Cutters, Flue Sheet—Special cutters for making holes, as for flues, 
in flue sheets or in other sheet metal or structural work. 


CUTTERS, MILLING: 


Angular Cutters—Such cutters are used 
for milling straight and helical mills, 
ratchet teeth, etc. Cutters for 
helical-mill grooving are commonly 
made with an angle of 12 degrees on 
one side and 40-, 48- or 53-degree 
angle on the other. 

Cherry—A form of milling cutter which is more strictly a formed 
reamer, for finishing out the interior 
of a die or some similar tool. The 
cherry shown is for a bullet mold. 




Convex and Concave Cutters—Convex 
K and concave cutters are used for 

milling half circles. The convex 
11 Tl il^ cutter is often used for fluting taps 
J and other tools. Like all other 

p formed cutters the shape is not af- 

fected by the process of sharpening. 




§ Comer-Rounding Cutters—^Left-hand, 
double, and right-hand cutters of 
this type are used for finishing 
rounded corners and edges of work. 
The shape of the cutter is not 
altered by grinding on the face of 
the teeth. 





Cotter Mill—This type of mill is used 
for cutting keyseats and other slots 
and grooves. 


Dovetail Cutters—Inner and outer dove¬ 
tails are milled with these tools, and 
edges of work conveniently beveled. 


End Mill—This mill, sometimes called 
a “butt mill,” is used for machining 
slots, milling edges of work, cutting 
cams, etc. 
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Face and Formed Cutters—The face cut¬ 
ter to the left, of Brown & Sharpe 
inserted-tooth type, is made in large 
sizes and cuts on the periphery and 
ends of teeth. 

The formed cutter to the right may 
be sharpened by grinding on the face 
without changing the shape. 


Face Formed 

Fishtail Cutter—A simple cutter for 
milling a seat or groove in a shaft 
or other piece. Usually operated 
at high speed and with a light cut 
and feed. 




Fluting Cutters—Cutter A is an angu¬ 
lar mill for cutting the teeth in 
helical mills; cutter B is for tap 
fluting; and C for milling reamer 
flutes. In each case the cutter is 
shown with one face set radial to 
the center of the work. See End 
Mill. 



Arbor 



Fly Cutters—Fly cutters are simple formed 
cutters which may be held in an arbor 
like that shown at the top of the group. 
The arbor is placed in the miller spindle 
and the tool or other work to be formed 
is given a slow feed past the revolving 
cutter. After roughing out, the cutter 
can be held stationary and used like a 
planer tool for finishing the work that 
is fed past it and so given a scraping 
cut. 

Fly cutters may also be simple, single 
point tools for boring. 
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Gang Cutters—Cutters are used in a 
gang on an arbor for milling a broad 
surface of any desired form. The 
cutters shown have interlocking and 
overlapping teeth so that proper 
spacing may be maintained. In 
extensive manufacturing operation 
the gangs of cutters are usually kept 
set up on their arbor and never 
removed except for grinding. 



r 

Gear Cutter (Involute)—In the Brown and 
Sharpe system of involute gear cutters, 
eight cutters are regularly made for each 
pitch. 

Such cutters are always accurately 
formed and can be sharpened without 
affecting the shape of the teeth. 



Gear Cutters, Duplex—The Gould and Eber- 
hart duplex cutters are used in gangs of 
two or more; the number of cutters in the 
gang depending on the number of teeth in 
the gear to be cut. 


;o 


Gear Stocking Cutter—The object of 
stocking cutters is to rough out the 
teeth in gears, leaving a smaller 
amount of metal to be removed by 
the finishing cutter. They increase 
the accuracy with which gears may 
be cut, and save the finishing cutter 
as well. 
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Hob—A form of milling cutter with helical 
teeth arranged like a thread on a screw and 
with flutes to give cutting edges as indi¬ 
cated. Used for cutting the teeth of worm, 
spur, helical, or herringbone gears. Hobs 
are formed and backed off so that the faces 
of the teeth may be ground without chang¬ 
ing the shape. 




Inserted-Tooth Cutter—Insertcd-tooth cutters 
have various devices for holding the blades in 
position in the bodies. Inserted-tooth con¬ 
struction is generally recommended for cutters 
6 inches or larger in diameter. 


Rose Cutter—The hemispherical cutter 
known as a “rose mill” is one of a 
large variety of forms employed for 
working out dies and other parts in 
the profiler. Cutters of this forjn are 
also used for making spherical seats 
for ball joints, etc. Sometimes 
called “ball cutters.” 



Side 


Slabbing 


Screw-Slotting Cutter—Screw-slotting cut¬ 
ters have fine-pitch teeth especially 
adapted for the slotting of screwheads 
and similar work. The cutters are not 
ground on the sides. They are made of 
various thicknesses corresponding to the 
numbers of the American Wire Gage. 

Shell-End Cutter—Shell-end mills are de¬ 
signed to do heavier work than that for 
which the regular type of end mills is 
suited. They are made to be used on 
an arbor and are secured by a screw in 
the end of the arbor. The end of the 
cutter is counterbored to receive the 
head of the screw and the back end is 
slotted for driving as indicated. Hole 
is tapered J inch per foot. 

Side, or Straddle, and Slabbing Cutters— 
Side cutters like that to the left, cut 
on the periphery and sides, are suita¬ 
ble for milling slots and when used in 

E airs are called straddle mills. May 
e packed out to mill anjy desired 
width of slot or opposite faces of a 
piece of any thickness. 
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Slabbing cutters are frequently made with nicked teeth to 
break up the chip and so give an easier cut 
than would be possible with a plain tooth. 
Slitting Saw, Metal—Metal slitting saws are 
thin milling cutters. The sides are 
finished true by grinding, and a little 
thicker at the outside edge than near the 
center for proper clearance. Coarse teeth 
are best adapted for brass work and deep 
slots and fine teeth for cutting thin metal. 

Straight-Shank Cutter—Straight-shank 
cutters of small size are extensively 
used in profilers and vertical millers 
for die sinking, profiling, routing, etc. 
They are held in spring chucks or 
collets. 

T-Slot Cutter—Slots for bolts in miller 
and other tables are milled with 
T-slot cutters. They are made to 
standard dimensions to suit bolts 
of various sizes. The narrow part 
of the slot is first milled in the 
casting, then the bottom portion 
is widened out with the T-slot 
cutter. 



Derrick —Structure consisting of a fixed upright and an arm hinged 
at bottom, which is raised and lowered and usually swings 
around to handle heavy loads. 

Dial Feed —A revolving disk which carries blanks to the punch 
and die, or to other tools. 

Diamond Boring —Boring accurate holes with a diamond as the 
cutting point. Term is also used for any accurate boring with a 
single-point tool of carbide or other material. 

Diamond Hand Tool —Used for dressing grinding wheels after they 
have been roughed out with the cheaper 
_rnnr-''—[T^ forms of cutters. Fixed diamonds are 

’’ ■ mil—^11^ usually considered better than those 

held by hand. 

Die, Screw Plate or Stock —A frame or 
handle for holding a threading die. 
Sometimes die ana handles are of one 
piece. 

Die Sets —Holders for punches and dies that are held in alignment 
by guides, or leader pins, and hardened bushings independently 
of the press itself. Formerly called “suboress dies.’* 
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Die, Spring or Prong— Die with cut¬ 
ting portions in the end of prongs; 
can be adjusted somewhat by spring¬ 
ing prongs together with a collar on 
outside. 

Die Chasers —Threaded sections inserted in a die head for cutting 
bolts and screws. 

Dies, Bolt —Dies for cutting bolts. Some are solid, others adjust¬ 
able. Some are for hand-die stocks or plates, but most of 
them are for machine bolt cutters. 

DIES, PUNCH PRESS: 

Bending Dies, Compound —In compound bending dies of the type 

shown, the work is car¬ 
ried down into the die 
by punch A, and held 
there while the beveled 
fingers B act upon the 
slides C and cause them 
to move forward in the 
top of die D and bend 
the material to the 
outline of the punch. 
Upon the upstroke of 
the punch the slides C 
are pressed outwardly 
by their springs and the 
bent piece of work is 
It will be seen that the 
holder for punch upon which depends the interior form of 
the piece being bent, is not positively secured in its holder, but 
is instead adapted to slide up and down in its seat although 
prevented from turning by a small pin at the upper end of the 
shank which is engaged by a slot in the punch carrier. The 
springs shown above the punch proper tend to hold the punch 
in its lower position and at the same time, after the punch has 
passed down into the die, allow the punch carrier to descend 
still further to press fingers B into operation against slides C, 
which bend the work to the outline of the punch. 



removed by the punch from the die. 





Bending Dies, Plain —Simple bending 
dies are made with the upper face 
of the die and the bottom of the 
punch shaped to conform to the 
bend it is desired to give the blank. 
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In simple bending dies the upper face of the die is cut out to 
the desired form and the piece of work formed to required shape 
by being pressed directly down into the die by the punch. 



Blanking Dies—Blanking dies are about 
the most commonly used of all the 
varieties of press tools. A simple 
form of die is seen in the illustra¬ 
tion. The strip of sheet metal is 
fed under the stripper and is pre¬ 
vented by that member from lifting 
with the punch upon the upstroke, 
following the punching out of the 
blank. Where several punches are 
combined in one hole for blanking 
as many pieces simultaneously, they 
arc known as “multiple blanking 
tools. 




Bulging Dies—The “before and after” 
sketches show the character of the 
work handled in bulging dies. The 
shell, after being drawn up straight, is 
placed over mushroom plunger A in 
the bulging die, and when the punch 
descends the rubber disk B is forced 
out, c.xpanding the shell into the 
curved chamber formed by the punch 
and die. Upon the punch ascending, 
the rubber returns to its original form 
and the expanded work is then 
removed. 


Burnishing Dies—Burnishing dies are made a little smaller at the 
bottom than at the top and when the work is forced down 
through the die, the edge of the piece is given a very high finish 
making polishing and hand-finishing operations unnecessary. 
The burnishing process also forms a very accurate method of 
sizing work. 


Upptr Dfo 


Coining Dies—Coining dies are operated in very powerful presses 

of the embossing type 
similar to those used 
for forming designs on 
silverware, medals, 
jewelry, etc. The 
position of the work, 
the retaining collar, 
and the dies are indi¬ 
cated at A f Bf and C. In the last section the coin is shown 
delivered at the top of the die. 
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Combination Dies —Combination dies are used in single-acting 
presses for such work as cutting a blank and at the same 

stroke turning down 
the edge and drawing 
the piece into the re¬ 
quired shape. In 
most cases the work is 
pushed out of the dies 
by the action of a 
spring. Such a set of 
dies is shown in the 
engraving, for making 
a box cover and body. 
The work is blanked 
by cutting punch 
and formed to the 
right shape by B and 
C, the former holding 
the piece by spring 
pressure to the block 
C while punch A , con¬ 
tinuing to descend, draws the box to the required shape. 
Ring D acts as an ejector, or shedder, and is pressed down, 
compressing the rubber at E during the drawing operation, 
and upon the upstroke of the punch, ascends and ejects the 
work from the dies. 

Dies of this type, with a spring-actuated punch or die inside 
the regular blanking tool, are often used for simultaneously 
blanking and piercing, blanking and bending, etc. 

It will be noticed that the lower view in the group, showing 
the work at the right-hand side of the sectional illustration of 
the die, represents the box cover and body as they appear when 
assembled after the superfluous metal in the flange or “fin,” 
has been removed in a trimming die. This fin, as left on the 
piece when coming from the combination die, is shown in the 
view immediately under the blank. For a die to finish such 
work evenly, see Trimming Die. 









DICTIONARY OF SHOP TERMS 


1273 



Compotmd Dies—C o m - 
pound dies have a die 
in the upper punch 
and a punch in the 
lower die. The fer¬ 
rule-making tools 
shown have a blank¬ 
ing and outer drawing 
punch A, with a cen¬ 
tral die B, to receive 
lower punch C w'hich 
cuts out the center of 
the ferrule blank and 
allows the metal to be 
drawn down inside as 
well as outside of the 
bevel-edged member 
D. As the work is 
drawn down, ring B 
descends compressing 
the rubber cushion 
below, and upon the 
return movement, the 
ferrule is ejected from 
the die. 


Cupping Dies—Used for drawing up a cup from a disc or planchet. 
Same as drawing dies. 

Curling Dies—Curling dies are used for producing a curled edge 
around the top of a piece drawn up 
from sheet metal. When the top is to 
be stiffened by a wire ring around 
which the metal is curled, a wiring die 
is used, the construction of which is 
practically the same as that of the 
curling die. The illustration shows a 
curling die and the appearance of a 
shell at various stages during the oper¬ 
ation of curling over the edge. The 
diagrams, A, B, C, D, show the prog¬ 
ress in the curling process as the punch 
descends, pressing down on the edge 
of the straight-drawn shell. 

Dinking Dies—Dinking dies, or hollow cutters, although not usu¬ 
ally classed with regular die^, are used 
so commonly as to entitle them to be 
listed in that class. They are adapted 
to punching out all sorts of shapes 
from leather, cloth, or paper. The 
edges of the dies (a few specimens of 
which are shown in the engraving) 
are usually beveled about 20 degrees 
outside. Where made for press use, 
the handle is omitted. As a surface 
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for the cutting edge of the die stroke on, a block is built up of 
seasoned rock maple, set endwise of the grain. 


Double-Action Dies—This type of die is used in a press which has 
a double-acting ram; that is, there are two slides, one inside the 
other, which have different strokes. 
To the outer slide is fastened the 
combined cutting punch and blank 
holder A, which is operated slightly 
in advance of the drawing punch B 
actuated by the inner slide. The 
blank upon being cut from the stock 
by A , drops into the top of the die at 
C and is kept under pressure by the 
flat end of cutting punch A to pre¬ 
vent its wrinkling, while punch B con¬ 
tinues downward drawing the metal 
from between the pressure surfaces and in the shape required. 




Drawing Dies, Plain—Dies of the type 
shown can be used for shallow draw¬ 
ing only, as there is no pressure on 
the blank to prevent its wrinkling 
when forced down into the die by 
the punch. The blank fits the 
recess A in the upper face of the die 
and the die itself which is slightly 
tapering is made the diameter of the 
punch plus twice the thickness of 
the wall required for the shell. The 
bottom edge B of the die strips the 
shell from the punch when the latter 
ascends. 

Redrawing dies are used for 
drawing out a shell or cup already 
formed from the sheet metal. In 
the illustration, a shell ready for 
redrawing is shown in position in 
the dies, which need little explana¬ 
tion. The work is located in the 
upper plate A, and after being forced 
through the die B, is stripped from 


the punch by edge C. Ordinarily a shell, that is to be given 
considerable elongation, is passed through a number of redraw¬ 


ing dies. 

Redrawing dies are sometimes referred to as reducing dies, 
although the latter are used for drawing down the end of a 
shell only, as in the case of a cartridge shell, which is made 
with a neck somewhat smaller in diameter than the body. 
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Fluid Dies—Water or fluid dies are used 
for forming artistic hollow ware of 
silver, and other soft metals, in 
exact reproduction of chased work. 
The die as shown is a hinged mold 
cast from carved models and fin¬ 
ished with all details clean and 
sharp. The shell to be worked is 
filled with liquid and enclosed in the 
die and a plunger in the press ram 
then descends and causes the fluid 
to force the metal out into the 
design in the die. 


Follow Dies—Follow tools consist of two or more punches and 
dies in one punch holder and die body, these being arranged in 
tandem fashion so that after the first 
operation the stock is fed to the next 
point and a second operation per¬ 
formed; and so on. In the die 
shown, which is for making piece Aj 
the strip of metal is first entered 
beneath stripper B far enough to 
allow the first shell to be drawn at 
the first stroke by punch C and die D. 
The metal is then moved along one 
space and the shell drawn at the first 
stroke is centered and located within 
the locating portion of piercing die E. 
At the next stroke the hole in the center is pierced with punch 
Ff and a second shell drawn in the stock by punch and die 
C and D. The stock is then fed forward another space and the 
blanking punch G cuts out the piece from the metal. At 
the same stroke a third piece is being formed on the end of 
the stock and a second hole pierced. Thus three operations 
are carried on simultaneously. 

Gang Dies—Gang tools have two or more punches and dies in one 
holder for making as many openings in 
a blank at one stroke of the press. 
Sometimes dies which perform a num¬ 
ber of operations on a piece which is 
fed along successively under one punch 
after another are called “gang’’ dies; 
strictly speaking, however, such tools 
are “follow” dies. Where a large 
number of punches are combined they 
are called a multiple punch, or if they 
are of quite small diameter for piercing are sometimes known as 
perforating punches. 
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Heading Dies—Heading dies strike up the heads on cartridges and 
other shells and are generally operated in a horizontal heading 
machine. 

Index Dies—For certain classes of work, such as notching the edges 
of large discs or armature punchings, an index die is sometimes 
used consisting of a rotary index plate adapted to carry the 
work, step by step, past the punches which cut out one notch or 
a series of notches at each stroke of the press. 

Perforating Dies—Perforating tools consist of a number of piercing 

tools in one set of dies 
and may be called also 
“multiple piercing 
tools.” In the exam¬ 
ple shown, which 
punches a large number 
of holes in a disc, the 
work is held by the 
spring-controlled pres¬ 
sure-pad A against the 
face of the die B while 
the punches at C are 
forced down through 
the sheet metal. In 
this case the punches 
are easily replaced when broken by unscrewing the holder 
from the shank and slipping the small punch out from the back. 

Piercing Dies—Piercing tools are used for punching small holes 
through sheet metal. Where arranged for punching a large 
number of holes simultaneously, they are often called “per¬ 
forating dies.” 

Piercing Dies, Compoxmd—Compound piercing tools have, in addi¬ 
tion to the regular punches carried by the holder in the ram, a 
set of horizontal punches for making holes through the sides of 
the work. These side punches are operated by slides moved 
inward by wedge-shaped fingers, the arrangement being the 
same as in the case of the compound bending dies, an illustra¬ 
tion of which is given under that head. 

Reducing Dies—Reducing dies are redrawing dies for reducing a 
portion of the shell only, whereas the regular redrawing die 
reduces the whole length. Reducing dies for cartridge shells 
form the familiar “bottle neck” shell now so commonly manu¬ 
factured, with a large body for the powder and a smaller neck 
into which the bullet is secured. In dial-feed presses ordinarily 
employed for cartridge-making operations, two or more reduc¬ 
ing dies are often used for shaping the neck of the shell to the 
required dimensions, each die operating in turn upon the shell 
as it is carried around step by step under the press tools by the 
intermittent rotary movement of the feeding dial. 
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Riveting Dies—Riveting dies for the 
punch press are provided with cavi¬ 
ties in the working faces to suit the 
shape of the head it is desired to 
produce on the ends of the rivets. 


Sectional Dies— Frequently dies of com¬ 
plicated outline are built up in sec¬ 
tions to enable them to be more 
easily constructed and kept in 
order. This form is resorted to 
often in the case of large dies where 
a break at one point would mean 
considerable expense for a new die. 
Also the difficulties of hardening are 
reduced with the sectional construc¬ 
tion. As shown, the various parts 
are secured to a common base or 
holder. 



Shearing Dies—Shearing dies are used 
for cutting-off operations, and are 
frequently combined with other 
press tools so that after certain 
operations on a piece it can be 
severed from the end of the stock. 
The shearing tools in the engraving 
are arranged for simply cutting up 
stock into pieces of the required 
length and tne punch itself is of the 
inserted type secured by pins in its 
holder. 


Split Dies—Split dies form one type of sectional die—the simplest; 
they are made in halves to facilitate working out to shape, hard¬ 
ening, and economical maintenance. 

Subpress Dies—Units that hold punches and dies in alignment 
without depending on the press in which they are used. These 
are now called “die sets.’* 

Swag^g Dies—Swaging operations are resorted to where it is 
desired to shape up or round over the edges of work already 
blanked out. Thus in watch wheel work the arms and inside 
edges of the rims are sometimes swaged to a nicely rounded 
form subsequent to the blanking out of the wheel in the sub¬ 
press. Swaging dies for such work are of course made with 
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shallow impressions which correspond to a split mold between 
the two halves of which the blank is properly shaped. 

Bullet swaging dies receive the slug as it comes from the 
bullet mold and shape the end to the required cone point. 


Trimming Dies—Trimming dies remove 
the superfluous metal left around 
the edges or ends of various classes 
of drawn and formed work. In the 
case shown, the box body A has 
been drawn up and a fin left all the 
w'ay round; this is dropped into the 
trimming die B, and the punch C, in 
carrying it through the die, trims 
the edge off evenly, as indicated. 
Work of the nature shown in this illustration is blanked, drawn 
up, and formed ready for trimming by means of combination 
tools. The box body illustrated here as it appears before and 
after trimming is shown in connection with the combination 
dies as it appears in the blank, after it is formed, and after 
assembling with its cover. 


Befon 



Triple-Action Dies—These dies are used in triple-acting presses, 

where in addition to 
the double-action slides 
which take the place of 
the regular single-act¬ 
ing ram, there is also a 
third slide or plunger 
which operates under 
the table or die bed. 
Thus a piece like that 
shown, which has to be 
blanked, drawn, and 
embossed, is operated 
upon from above by 
the cutting and draw¬ 
ing punches A and B, 
and upon the latter 
carrying the drawn 
work down to the face of the embossing die C, that die is forced 
upward by the plunger B beneath and gives the piece the 
desired impression. On the upstroke of the punch the work is 
stripped from it by edge E and falls out of the press. 
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Wiring Dies —Wiring 
dies are much the 
same in construc¬ 
tion as plain curl¬ 
ing dies. In the 
engraving, the wire 
ring is shown at A 
around the top of 
the shell to be 
wired and in a 
channel at the top 
of the spring-sup¬ 
ported ring As 
indicated in the 
lower illustration, 
the punch, as it de¬ 
scends, depresses 
the ring B and 
curls the edge of 
the shell around 
the wire ring /I. 


Disks, Reference —Accurate disks of standard dimensions for set¬ 
ting calipers and measuring. Usually of hardened steel. 



Divider, Spring —The spring tends to force 
the points apart and adjustments are 
made by the knurled nut on the screw. 


Doctor —Local term for adjuster or adapter so that chucks from 
one lathe can be used on another. Sometimes used in the same 
way as the term “dutchman.'^ 

Dog—Name given to any projecting piece which strikes and moves 
some other part, as the reversing dogs or stops on a planer or 
milling machine. Sometimes applied to the pawl of a ratchet. 

Dog, Lathe —A device for clamping work so that it can be revolved 
by faceplate. Three are shown. 



Clamp Dog Straight Tail Bent Tail 


Drift —A tool for cutting out the sides of an opening while driven 
through with a hammer. Term sometimes applied to a taper 
pin for forcing holes into alignment, as in boiler work. 
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DRILLS: 


DriU 

< ■ 
Combination 


Center Drill—The short drills used for cen¬ 
tering shafts before facing and turning are 
called “center drills.” The drill and 
reamer or countersink for the 6o-degree 
center hole, when combined as shown, 
allow the centering to be done more 
readily than when separate tools are used. 


Core Drill—The core drill is a hollow tool that cuts out a core 
instead of removing the metal in the form of chips. Such 

_ drills are generally used to procure a 

1 ( i _ 3 ) core from the center of castings or 

forgings for the determination of the 
tensile strength or other physical properties of the metal. 


Gun-Barrel Drill—Gun-barrel drills are run at high speed and 
under very light feed, oil under heavy pressure being forced 
through a hole in the drill to clear the 
j chips ar^ cool the cutting point and 

^ --» work. The drill itself is short and 

fastened to a shank of suitable length. 


Hog-Nose Drill—More like a boring tool. Mostly used for boring 
out cored holes. Must be very stiff to be effective. 


Shell Drill—Shell drills are fitted to a 
taper shank and used for chucking 
out cored holes and enlarging holes 
drilled with a two-flute twist drill. 
The angle of the lips is about 15 
degrees. 

Straight-Flute Drill—The straight-flute, or “Farmer,” drill, as it is 
frequently called after its inventor, does not clear itself so well 
as the twist drill does, but is stiffer, 

^ — . and does not “run” or follow blow- 

...holes or soft spots so readily as the 
twist drill. 

Three- and Four-Groove Drills—Where 
large holes are to be made in solid 
stock, it is advisable to use a three- 
or four-groove drill after running 
the required two-flute drill through the 
piece. These drills will enlarge the 
hole to the size required and are also 
useful in boring out cored holes in 
castings. 

Twist Drill—Usually made with two flutes, or grooves, running 
around the body. This furnishes cut- 
sssssnz: ting edges and the chips follow the 

flutes out of the hole being drilled. 


Three Groove 

f~ 

Four Grcwve 
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Bit Point 


Single Flute 


Wood Drill (Bit)—Bits for wood drilling 
are made in various forms. The pod 
drill is cut out hollow at the working 
end; the double-flute drill has a 
regular bit point; the single-flute drill 
is full diameter for a short distance 
only and is cleared the rest of the 
length as indicated. 


Drill, Chain—Device to be used in connection with a brace or 
breast drill in many places where it is not convenient to bring a 
ratchet drill iifto use. 

Drill Speeder—Device which goes on drill spindle and gears up the 
speed of drills so that small drills can be used economically on 
large drill presses or boring machines. 



DRILLING MACHINE, RADIAL 


1. ^eed box. 

2. Column. 

3. Column cap. 

4. Elevating gearing. 

5. Elevating control. 

6 . Elevating stops. 

7. Elevating screw. 

8 . Arm worm box. 

9. Arm clamps on column, 

10. Column clamp in base. 

11. Table. 

I a. Arm. 

13. Arm way. 


14. Drive shaft for head. 

15. Spindle sleeve. 

16. Spindle. 

17. Quick spindle adjustment. 

18. lland wheel for moving head on 

arm. 

19. Hand feed wheel. 

20. Swivel gear for head. 

21. Spindle control lever. 

22. Head clamp on arm. 

23. Feed depth gage. 

24. Arm handle. 
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drilling machine, vertical 

. Bevel driving gears. ^2. Head clamp. 

Friction clutch. Speed box. 

. Back gears, 14. Starting lever. 

. ^indle. 15. Tumbler gear lever. 

Column. 16. Table arm. 

i Drive shaft. i-. Table arm clamp, 

r. kindle sleeve. 18, Table. 

U ™d box. jp. Table clamp. 

). Head. . , _ 30. Base, 

lever. 
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Dutchman—Local term for a wedge or liner to make a piece fit. 
Used to make a poor job usable. A round key or pin fitting 
endwise in a hole drilled half in a shaft and half in the piece to 
be attached thereto. A patch fitted to cover defect. 

£ 

Ejector—An ejector on punch press work is a ring, collar, or disk 
actuated by spring pressure or by pressure of a rubber disk, to 
remove blanks from the interior of compound and other dies. 
It is often called a shedder. 

End Measuring Rod—Arranged for internal measurements similar 
to the internal cylindrical gages. Also used in setting work¬ 
tables on boring machines and jig borers. 

Expansion Fit—The reverse of a shrink fit. Instead of expanding 
the outer member by heat, the inner member is contracted by 
dry ice, or other freezing method before assembling. See 
Shrink Fit. 

Extractor, Oil—Machine for extracting oil from iron and metal 
chips. Revolves rapidly and throws out the oil by centrifugal 
force. 

F 

Faceplate—The plate or disc that screws on the nose of a lathe 
or other machine spindle and drives or carries work to be turned 
or bored. Sometimes applied to table of vertical boring mill. 

Feather—A sliding key—sometimes called a spline. Used to 
prevent a pulley, gear, or other part from turning on the shaft 
but allows it to move lengthwise as in the feed shaft used on 
most lathes and other tools. The feather is nearly always 
fastened to the sliding piece. 

Filing Machine—Runs a file by power, usually vertically. Useful 
in many kinds of small work. Now made continuous. 

Fin—The thin edge or mark left by the parting of a mold or die. 
In drop forge work this is called the “flash." 

Flash—Excess metal forced out between the dies in drop forgings 
or in die castings. 

Flute—Shop name for a groove. A.pplicd to taps, reamers, drills 
and other tools. 

Flywheel—Heavy wheel for steadying motion of machinery. On 
an engine it carries the crank past the center and produces a 
uniform rotation. 

Foot Stock—The tail stock or tail block of a lathe, grinder, etc. 

Force—A master punch which is used under a powerful press to 
form an impression in a die. Forces are commonly employed 
in the making of coining and other embossing dies. A similar 
tool used by jewelers is called a “hub " It is sometimes 
referred to as a “hob.”' 

Forge—Open fireplace for heating metals for welding, forging, etc. 
Has forced draft by fan or bellows. 

• Forging Press—Heavy machine for shaping metal by forcing into 
dies by a steady pressure instead of a sudden blow as in drop 
forging. Similar to a bulldozer. 
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Fuller—Blacksmith's tool something like a hammer, having a 
round nose for spreading or fulling the iron under hammer 
blowers. 



Anvil Fuller 



Hand Fuller 



Fiimace, Muffle—Furnace for heating 
steel to harden, in which the flame 
does not come in contact with the 
metals. 


Furniture—In machine shops applies to tool racks, lathe pans, tote 
boxes, angles, blocking, clamps and bolts. 


GAGES: 


G 



Depth Gage—A tool for measuring the 
depth of holes or recesses. The body 
is placed across the hole while the rule 
is slipped down into the hole to be 
measured. In many cases the rod is 
simply a wire and not graduated. 


Drill Gage—A flat steel plate drilled with different-sized holes 
and each marked with correct size or number. Or a plate 
with a tapered slot, graduated to show size of drill placed in 
the opening. 



Feeler or Thickness Gage—Blades of 
different thicknesses, usually vary¬ 
ing by thousandths of an inch, so 
that slight variations can be felt or 
measured. 


Gear-Tooth Depth Gage—A gage for 


measuring the 


of gear teeth. 


O ) Requires a different gage for each pitch. 
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Scratch Gage—For scratching a line at 
a given distance from one side of 
a piece. Adjustable for different 
lengths. 



Surface Gage—A tool for gaging the height 
between a flat surface, such as a planer 
table or a surface plate, and some point 
on the work. This can then be trans¬ 
ferred to any other point. 



Thread Gage—Tool with a number of 
blades, each having the same number 
of notches per inch as the thread it 
represents. Made for different kinds 
of threads and in various forms. 

Wire Gage—Gage for measuring sizes 
of wire. The wire fits between 
the sides of the opening, not in the 
holes. Sometimes made in the 
form of a circular disk. 



Gang Tool—A holder with a number of 
tools, generally used in the planer but 
sometimes in the lathe. Each tool 
cuts a little deeper than the one ahead 
of it. 


GEARS; 

Angular Gear—-Sometimes applied to bevel gears and also to spur 
gears with helical or skew teeth. See those terms. 

Annular Gear—Toothed ring for use in universal chucks and simi¬ 
lar places. Teeth can be on any of the four faces, although 
when inside it is usually called an internal gear. The annular 
gear that drives the axle of an automobile is often called a 
“ring^^ gear. Gears on flywheels are called “starter” gears. 

Bevel Gears—Gears cut on conical surfaces to 
transmit power with shafts at an angle to 
each other. When made for shafts at 
right angles and with both gears of the 
same size are often called “miter” gears. 
Teeth may be either straight, skew, or 
curved. These are called spiral-bevel. 
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Crown Gear—A gear with teeth on the side of rim. Used before 
facilities for cutting bevel gears existed. Seldom found now. 

Differential Gearing—Where two gears, side by side but on differ¬ 
ent shafts, one having a few less teeth than the other, mesh 
into the same gear, each driving its shaft at a different rate. 
There is usually only one or two teeth difference in the two gears. 

Elliptical or Eccentric Gears—Gears 
in which the shaft is not in the 
center. May be of almost any 
shape, oval, heart shaped, etc. 
Printing presses usually have good 
examples of this. 

Gear Shaping Machines—The cutting of spur gears by the shaping 
method is confined to the I'ellows and Sykes machines. The 
Fellows and Sykes uses a round cutter that is virtually a gear 
while the Maag uses a straight cutter that is equivalent to a 
section of a rack. Although the machines and methods of 
indexing are quite different, they cut the teeth by the shaping 
or planing process. Directions for operating are given by the 
makers. 

Helical Gears—Gears having teeth at an angle across the face to 
give a more constant pull. Also give side thrust. Sometimes 
called ‘‘skew’^ gears or spiral gears. 

Herringbone Gears—Gears having teeth cut at 
opposite angles. Also made by putting 
two helical or skew”-tooth gears to¬ 
gether. Does away with side or end 
thrust. 

Hobbing Gears—In cutting gears by the bobbing process it is nec¬ 
essary that both the hob and the gear blank revolve in proper 
relation to each other. The spindle carrying the hob must be 
set to the right angle to give the gear tooth desired. For cut¬ 
ting spur gears, the thread of the hob must be parallel with the 
axis of the gear. For cutting helical gears, the thread of the 
hob must be set parallel with the angle of the gear teeth. Then 
the right gearing must be selected to rotate the hob and work 
the spindles in the correct relation. Directions for doing this 
are given by the makers of hobbing machines. 

Hypoid Gears—Spiral-bevel gears in which the pinion is above or 
below the center of the gear. 

Intermittent Gears—Gears where the 
teeth are not continuous but have 
plain surfaces between. On the 
driven gear these plain surfaces are 
concave to fit the plain surface of the 
driver, and the driven wheel is 
stationary while the plain surfaces 
are in contact. 







DICTIONARY OF SHOP TERMS 


1287 



\ 

Internal Gears —Gears having teeth on 
the inside of a ring or shell. 


Module or Metric Gears —French system of making gears with 
metric measurement. Pitch diameter in millimeters divided 
by the number oi teeth in the gear is the module. 

Pin Gear —Gear with teeth formed by pins such as the old lantern 
pinion. Also formed by short projecting pins or knobs and 
only used now in some feeding devices. 

Planetary Gears —Gears mounted so as to run around a central 
gear, which may be either external or internal as in a Model T 
Ford transmission. 

Quill Gears —Gears or pinions cut on a quill or sleeve. 

Spiral Gears —Spur gears with helical teeth 
which run together at an angle and do 
the work of bevel gears. They are not 
really spiral gears but have been so 
designated in shop language. 

Spiral Bevel Gears —Spiral, or curved tooth, bevel gears are cut with 
a cutter head of the trepanning type on a Gleason machine. 
The methods of setting the work and cutters, and of gearing the 
machine, are given by the makers of the machine. 


Spur Gears —Wheels or cylinders whose 
shafts are parallel, having teeth across 
the face. Teeth can be straight, helical 
or skew, or herringbone. 


Staggered Tooth Gears —Made up of two or more straight-tooth 
spur gears, teeth set so that teeth and spaces break joints. 
Seldom used now as helical gears give smoother action, 
worm Gears —Gears with teeth cut on angle to be driven by a 
worm. Teeth are usually cut out with a hob to fit the worm. 
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Sprocket Gears —Toothed wheels for 
chain driving. A is the regular 
tooth and .5 is a hook tooth for 
running one way only. 


Zerol Bevel Gears. —A curved tooth bevel gear with a zero-degree 
spiral angle. 



Geneva Motion—A device which gives a 
positive but intermittent motion to 
the driven wheel but prevents its 
moving in either direction without 
the driver. The driver may have 
one tooth as shown or a number if 
desired. Also made so as to prevent 
a complete revolution of the driven 
wheel. 


Gib—A piece located alongside a sliding member to take up wear. 

Gland —A cylindrical piece enveloping a stem and used in a stuffing 
box to make a tight joint. 


Grinder, Disc —A grinding machine 
having steel discs that are covered 
with abrasive cloth. Some discs 
have spiral grooves to give cushions 
under the abrasive cloth. 


Grinder-Wheel Dresser —A tool consisting of pointed or corrugated 
discs of hard metal that really break 
or pry off small particles of the grind¬ 
ing wheel when held against its rapidly 
revolving surface. Small abrasive 
wheels are also used. 

Gripe —^Local name for machine clamp. 

Ground Joint —A joint finished by grinding the two parts together 
with oil and loose abrasives. 

Gudgeon— ^Local name for a trunnion or bearing which projects 
from a piece, such as a cannon. 

Guide Liner —A tool for use in locomotive 
work for lining up guides and cross- 
heads. 
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CENTERLESS GRINDER 

1. Grinding wheel. 

2 . Work-rest blade. 

3. Regulating wheel. 

4. Balancing-wheel collet. 

5. Grinding-wheel truing attachment. 

6. Coolant-line grinding-wheel truing attachment. 

7. Indicator stand. 

8. Hand-feed wheel for grinding-wheel truing attachment. 

9. Regulating-wheel truing attachment. 

10. Hand-feed wheel for regulating-wheel truing attachment. 

11. Work-rest guide. 

12. Work-rest guide adjusting screw. 

13. Work rest. 

14. Motor. 

15. Coolant nozzle. 

16. In-feed lever. 

17. Upper slide for regulating wheel. 

18. Micrometer adjustment for in-feeding. 

19. Regulating-wheel in-feed screw. 

20. Upper-sli^ clamping lever. 

21. Lower-slide clamping lever. 

22. Regulating-wheel speed-change levers. 
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UNIVERSAL GRINDING MACHINE 


1. Live spindle driving pulley. 

2. Headstock. 

3. Dead center pulley. 

4. Wheel driving pulley. 

5. Spindle-box. 

6. Wheel stand platen. 

7. Footstock. 

8. Clamping lever. 

9. Cross-feed hand wheel. 


10. Reversing lever. 

11. Feed roll lever. 

12. Table hand wheel. 

13. Control lever. 

14. Table dogs. 

15. Feed driving cone. 

16. Table hand wheel throw-out 

lever. 


H 


Hacksaw—Fine-toothed saw for cut¬ 
ting metal. Saws are held in a 
hand frame or in power-driven 
machines. 

Half Nut—A nut that is split lengthwise. Sometimes half is used 
and rides on screw; in others, both halves clamp around screw 
as in the half nut of a lathe carriage. 

Hammer—The common types of machinists* ham¬ 
mers are the ball peen, straight peen, and cross 
peen, as shown. The so-called engineers* and 
the riveting hammers have cross peens. 
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Hammer, Blacksmiths* Flatter—A flat¬ 
faced hammer used to smooth the 
surfaces of forgings. Is held on the 
work and struck by a helper with a 
sledge. 


Hammer, Bumping or Homing—For closing seams on large cans, 
buckets, etc. 

Hammer, Drop—Hammer head or monkey” or ‘‘drop” is raised 
by hand or power and falls by gravity. Sometimes raised by a 
board attachedHo top of hammer head and running between 
pulleys. Others use a belt. 

Hammer, Helve—Power hammer in which there is an arm pivoted 
in the center and power applied at the back end while the 
hammer is at the other and strikes the work on an anvil. 

Hammer, Lever Trip—Trips the hammer by a cam or lever and 
allows it to fall. 

Hammer, Spring—Comparatively small hammer giving a great 
variety in the force of blow. This is controlled by pressure of 
foot on lever. 

Hand Wheels, Clutched—Hand wheels connected to shaft by a 
clutch which can be thrown out by a knob or otherwise so that 
accidental movement of wheel will not disturb setting. Used 
on milling machines and similar places. 

Hanger, Drop—Shaft hanger to be fastened to ceiling with bearing 
held in lower end. 

Hanger, Post—Shafting hanger for fastening to posts or other 
vertical structures. 



Hardie—Blacksmith’s cutting chisel 

which fits a hole in the anvil and 
forms the lower tool in cutting off 
work. 


Hoist, Chain—Hoist with chain passing through pulley block used 
for hoisting. 

Honing—A process of finishing surfaces with blocks or sticks of 
fine abrasives, using two or more motions. Used largely in 
cylinders and to some extent on piston rods and similar work. 

Hubhing—The forcing of a hardened die or “hub” into cold, soft 
steel to produce a die or mold. A depth of i in. is common. 
Pressure averages 100 tons to the sq. in. of area. 

Hunting Tooth—An extra tooth in a wheel to give it one more tooth 
than its mate in order to prevent the same teeth from meshing 
together all the time. Seldom used now. 


I 

Indexing, Compound —Indexing by combination of two settings of 
index, by either adding or subtracting. 




1292 


DICTIONARY OF SHOP TERMS 


Indexing, Differential—Indexing with the index plate geared to the 
spindle, thus giving a differential motion that allows the index¬ 
ing to be done with one circle of holes and with the index crank 
turned in the same direction, as in plain indexing. 

Indexing, Direct—Indexing work by direct use of dividing head of 
milling machine. 

Indicator, Lathe Test—Instrument with multiplying levers which 
shows slight variations in the truth of revolving work. Used 
for setting work in lathe or on face plate. 



Dial Indicator 


Inspection Bench—A bench with a level top, frequently of cast iron, 
on which finished work can be inspected with surface gages and 
similar instruments. 


j 



Jack, Hydraulic—Device for raising weight or 
exerting pressure by pumping oil or other 
liquid under a piston or ram. 

Jack, Leveling—Small jacks (usually screw jacks) 
for leveling and holding work on planer beds 
and similar places. Practically adjustable 
blocking. 

Jack, Screw—Device for elevating weights by 
means of a screw. 


Jam Plates—Old name for screw plates and in many cases a true 
one as the thread was jammed instead of cut. 

J^g Bushing—Hardened steel guides for drills or other tools set 
into fixtures or jigs. They are now standardized. 

Jig, Drill—A device for holding work while drilling, having bush¬ 
ings through which the drill is guided so that the holes are 
correctly located in the piece. Milling and planing jigs (com¬ 
monly called fixtures) hold work while it is machined in the 
milling machine and planer. Some confine the term jig to 
work holders that are not fastened to the machine table. 
Others only to drilling operations, whether fastened or not. 
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Joint, Universal—Shaft connection which 
allows freedom in any direction and 
still conveys a positive motion. 
Most of them can transmit power 
through any angle up to 45 degrees. 


Journal Box—The part of a bearing in which the shaft revolves. 


K 

Kerf—The slot or passageway cut by a saw. 

Key—The piece use^ to fasten any hollow object to a shaft or rod. 
Usually applied to fastening pulleys and flywheels to shafts; or 
locomotive driving wheels to their axles. Keys may be square, 
rectangular, round or other shape and fasten in any way. Are 
usually rectangular and run lengthwise of shaft. 

Key, Center—A flat piece of steel, with tapered sides, for removing 
taper-shank drills from drill spindle or similar work. 

Ke3rway—A groove, usually square or rectangular, in which the key 
is driven or in which a “feather” slides. The groove in both 
the shaft and the piece which is to be fastened to it, or guided 
on it, is called a keyway. 

Knurling—The rolling of depressions of various kinds into metal by 
the use of revolving hardened steel wheels pressed against the 
work. The design on the knurl will be reproduced on the work. 
Generally used to give a roughened holding surface for turning 
a nut or screw by hand. 


L 

Land—Metal left between flutes or grooves in drills, taps, reamers, 
or other tools. Some consider “land” as only the portion 
directly behind the cutting edge. ^ 

Lap—Applied to seams which lap each other. To the distance a 
valve must move before opening its port wKen valve is central 
on seat. To a tool usually consisting of lead, iron, or copper 
charged with abrasive for fine grinding. See Lap, Lead. 

Lap, Lead—Usually a bar of lead or copper, a trifle sinaller than 
the hole to be ground. Emery or some fine abrasive is used 
which gives a fine surface. Laps are sometimes held in the 
hand or are run in a machine and the work held stationary. 
Also consists at times of a lead-covered disk, revolving hori¬ 
zontally, which is used for grinding flat surfaces. Very similar 
in action to a potter’s wheel. Flat laps are usually of cast iron. 

Lapping—A refined process of finishing surfaces with a fine abrasive, 
such as diamond dust or very fine commercial compounds. 

LATHE: 

Lathe, Engine —The ordinary form of lathe with lead screw, power 
feed, etc. 
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ENGINE LATHE 

(See list of parts on p. 1296) 
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Engine Lathe Parts 


1. Ball bearing driving pulley. 

2. Pulley for pump. 

3. Reverse plate lever. 

4. Quick change gears. 

5. Head screw slip gear plunger. 

6. Len^h feed clutch. 

7. Positive feed stop. 

8. Adjustable feed stops. 

9. Speed change levers. 

10. Speed index plate. 

11. Oil hole. 

12. Oil drain. 

13. Double nose on spindle. 

14. Oil gage. 

1$. Four-way tool block. 


16. Base to compound nest. 

17. Auxiliary tool block. 

18. Compound rest. 

19. Diameter stops. 

20. Operating levers. 

21. Thread indicator. 

22. Hand feed wheel. 

23. Apron. 

24. Tailstock spindle clamp. 

25. Tailstock clamping bolts. 

26. Shears or ways. 

27. Rack. 

28. Lead screw. 

29. Chip pan. 

30. Steady rest. 


Lathe Apron—Parts of 


1. Cross-feed screw. 

2. Cross-slides. 

3. Wing of saddle. 

4. Cross-feed pinion. 

5. Cross-feed gear. 

6. Cross-feed handle. 

7. Rack. 

8. Power cross-feed and control. 

9. Gear in train. 

10. Pinion for cross-feed. 

11. Main driving pinion. 

12. Bevel gear. 

13. Bevel pinion. 

14. Feed worm. 

15. Feed-worm wheel. 


16. Clutch ring. 

17. Clutch levers. 

18. Pinion. 

19. Gear in train. 

20. Peed-clutch handle. 
20A. Clutch spreader. 

21. Hand pinion. 

22. Carriage handle. 

23. Lead screw. 

24. Rack-pinion knob, 
24.4. Rack pinion. 

25. Peed rod. 

26. Upper-half nut. 

27. Lower-half nut. 

28. Half-nut cam. 


Note.— Cross-feed is from bevel pinion 13, through gears 12, ii, 9, 
10, and 4. Regular feed is through worm 14, worm wheel 15, 
clutch 16, pinion 18, gears 19 and 24^4. Hand movement is 
through handle 22, pinion 21, gear 19, and pinion 24^!. 

Lathe, Extension —So made that fed can be lengthened or short¬ 
ened. When bed is made longer, there is a gap near head, 
increasing the swing for faceplate work. 

Lathe, Fox —Brass workers’ lathe having a “fox” or chasing bar for 
cutting threads. The bar has a “leader” that acts as a nut on 
a short lead screw or “hob” of the desired pitch (or half the 
pitch if the hob is geared down 2 to i) and carries a tool along at 
the right feed for the thread. Sometimes has a turret on the 
back head. 

Lathe, Gap —Has U-shaped gap in front of head stock to increase 
swing for faceplate work. 

Lathe, Gun—For boring and turning cannons and rapid-fire guns. 

Lathe, Ingot—For boring, turning, and cutting off steel ingots. 

Lathe, Precision—Bench lathe made especially for small and very 
accurate die, jig, or model work. 

Lathe, Projectile—Simply a heavy lathe for turning up projectiles. 
Sonietimes has attachment for pointing them. 

Lathe, Pulley—Especially designed for turning pulleys, can turn 
them crowning or straight. 

Lathe, Roll Tunung—For turning rolling mill, steel mill, and 
calendar rolls. 
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Lathe, Screw Cutting—Having lead screw and change gears for 
cutting threads. 

Lathe, Shafting—For turning long shafts or similar work. 

Lathe, Speed—A simple lathe with no mechanically actuated car¬ 
riage or attachments. 

Lathe, Spinning—For forming sheet metal into various hollow 
shapes, all circular. Done by forcing the sheet against a form 
of some kind (with a single, round-ended tool) while it is 
revolving. 

Lathe, Turret—A lathe having a multiple toolholder, or turret, 
that revolves and takes the place of tail or foot stock. Many 
have automaticfdevices for turning turret and for feeding tools 
into the work. 

Lathe, Vertical—Name given a type of vertical boring mill on 
account of a sidehead which acts very much like a lathe carriage 
and does a large variety of work that would ordinarily be done 
on the faceplate of a lathe. 

Lathe, Watchmakers^—A very small precision lathe. 

Lathe Apron—The front of a lathe carriage that supports the 
mechanism for feeding it along the bed. See page 1295. 

Laying-Out Bench—A metal bench or plate having a level metal 
top, on which work can be laid out for future machining 
operations. Both this and the inspection bench are sometimes 
called “leveling benches.^’ 

Lead—The advance made by one turn of a screw. 

Level, Quartering—A tool for testing driving wheels to see if crank- 
pins are set 90 degrees apart. The level 
has a forked end and with the angles shown. 
Placing this on the crankpin and lining the 
edge with the center of axle should bring 
the bubble of level in the center. If the 
same result is obtained on the other wheel, 
the crankpins are 90 degrees apart. 

lit Class 

^ Levers—Arms pivoted or bearing on 

nimud wtich* points called fulcrums. Divided 

into three classes as shown: First 
has fulcrum or bearing point 
between power and weight; second 
has weight between power and 
fulcrum; and third has power 
between weight and fulcrum. 


Liner—A piece for separating pieces a desired distance; also called 
shim. 

M 

Machine Tool —The name given to any machine of that class which, 
taken as a group, can reproduce themselves, such as the lathe, 
drilling machine, planer, milling machine, etc. No other class 
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of machines can be used to build other machines, and because of 
this, machine tools are known as the master tools of industry/' 
Mandrel—Shafts or bars for holding 
work to be machined. Plain man¬ 
drels, as shown at the top, have a 
taper of about 0.010 inch per foot 
and are forced into the work. 
There are also several types of 
expanding mandrels, three being 
shown. The second and fourth 
mandrels have spring sleeves on a 
taper bar. The third has blades 
sliding in tapered grooves. Man¬ 
drels should not be confused with 
arbors that are for holding and driv¬ 
ing cutting tools only. 

Marking Machine—A machine for stamping trade-marks, patent 
dates, etc., on cutlery, gun barrels, etc. Stamps are usually on 
rolls and rolled into work. 

Master Plate—See Plate, Master. 

Measuring Machine—Practically a large bench micrometer caliper 
of any desired form to measure work such as taps, reamers, 
gages, etc. Some are now made to utilize light waves instead 
of mechanical methods. 

Milling Machine—A machine in which the operating tool is a 
revolving cutter. Has table for carrying work and moving it so 
as to feed against cutter.. 

Milling Machine, Universal—Has work table and feeds so arranged 
that all classes of plane, circular, helical, index, or other milhng 
may be done. Equipped with index centers, chuck, etc. 
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MILLING MACHINE, UNIVERSAL 


I. Column. 

а. Knee. 

3. Saddle. 

4. Universal swivel block. 

5. Work table. 

б. Over arm, 

7. Arm bracket or arbor supports. 

8 . Arm braces or harness. 

9. Knee clamp for braces. 

10. Spiral dividing head. 

11. Tailstock. 

12. Starting lever. 

13. Speed change lever. 

14. Feed change lever. 

15. Arm clamp screws. 

16. Table stops. 

17. Steady rest. 

18. Cross feed screw. 


39. Elevating shaft. 

20. Elevating screw—telescopic. 

21. Saddle clamp levers. 

22. Vertical feed trip blocks. 

23. Change gear bracket. 

24. Spindle lock. 

25. Feed box. 

26. Cross and vertical feed handle. 

27. Table trip handle. 

28. Spindle cpllar. 

29. Interlocking feed lever. 

30. Table screw. 

31. Oil sight gage. 

32. Oil drain plug. 

33. Cross and vertical feed reverse 

lever. 

34. Primary feed selection lever. 

35. Secondary feed selection lever. 
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Milling Machine, Vertical—Differs from horizontal machine mainly 
in having a vertical spindle for carrying the cutter. 

Miter—A bevel of 45 degrees. 



MILLING MACHINE, VERTICAL 


I. Column. 

а. Ventilators for motor in base. 

3. Spindle head. 

4. ^indle nose. 

S; Worm gear head control. 

б . Control lever. 

7. Table. 

8 . Knee. 

9. Saddle. 

JO. Hand elevation of knee. 


11. Saddle feed wheel. 

12. Knee elevating screw. 

13. Power feed drive. 

14. Feed gear box. 

15. Universal joints. 

16. Table control. 

17. Power saddle control. 

18. Direct head control. 

19. Spindle oiler. 

20. Base. 
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Necking Tool—Tool for turning a groove or neck in a piece of work. 

Nose—In shop work the term is applied to the business end of tools 
or things. The threaded end of a lathe or milling-machine 
spindle or the end of “hog-nose drill” or similar tool. 

Nut, Castle or Castellated—A nut with slots across the outer end to 
receive a cotter pin put through the bolt to prevent loosening. 

Nut, Cold Pimched—A nut punched from flat bar stock. The hole 
is usually reamed to size before tapping. 

Nut, Hot Pressed—A nut formed hot in a forging machine. 

Nut Machine—A fnachine for cutting, drilling, and tapping nuts 
from a bar or rod. 

Nut Tapper—A machine for tapping hole in nuts. 

Nuts—See Bolts; also Section XV. 

O 

Ogee—Name given to a finish or beading consisting of a reverse 
curve. Applied to work of any class, wood or iron. 

Oval—Continuously curved but not round, as a circle which has 
been more or less flattened. 

Overhead—A term usually applied to expenses that come from rent, 
taxes, interest on investment, depreciation, upkeep or mainte¬ 
nance, supervision, insurance and any other expenses that do 
not come under the head of direct labor or material. Some 
separate it into machine overhead, etc. 

P 

Pawl—A hinged piece which engages teeth in a gear, rack or ratchet 
for moving it or for arresting its motion. Sometimes used to 
designate a piece such as a reversing dog on a planer or milling 
machine. 

Peening—The stretching of metal by hammering or rolling the 
surface. Used to compress babbitt to fit tightly in a bearing, 
to straighten bars by stretching the short or concave side, etc. 

Pickling Castings—Dipping into acid solution to soften scale and 
^ remove sand. Solution of eight or ten parts of water to one of 
sulphuric acid is used for iron. For brass use five parts water 
to one of nitric acid. 

Pickling Forgings—Putting in bath of one part sulphuric acid to 
twenty-five parts boiling water to remove scale. Can be done 
in 10 minutes. Rinse in boiling water and they will dry before 
rusting. 

Pin, Collar—A collar pin is driven tight into a machine frame or 
member and adapted to carry a roll, gear, or other part at the 
outer end. It differs from the collar stud 
in not having a thread at the inner end. 
When drilled through the end for a cotter 
pin, it is known as a “fulcrum pin,” as it is 
then especially suited for carrying rocker 
arms, etc. 
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Pin, Dowel, Screw—Dowel pins are customarily made straight, or 
plain taper and fitted into reamed holes. When applied in such 
a position in a mechanism that it is impossible to remove them 
by driving out, they are sometimes threaded and screwed into 
place. They position two mating parts. 


Pin, Taper—Taper pins for dowels and other purposes are regularly 
manufactured with a taper of i inch to the foot and from J to 
6 inches long, the diameters of the large 

--1 end of the sizes in the series ranging from 

_ j about to J| inch. The reamers for 

these pins are so proportioned that each 
size “overlaps’^ the next smaller size by about i inch. 

Pitch—The distance from the center of one screw thread, or gear 
tooth or serration of any kind, to the center of the next. In 
screws with a single thread the pitch is the same as the lead but 
not otherwise. 


Pitch Diameter—In a screw thread the diameter at the center of 
the thread depth, without considering clearance. In gears, 
the diameter at the point of contact of the teeth. This may 
be at the center of the tooth (without clearance) or may be 
moved in or out, according to the design of the tooth. 


Pillow Blocks—Low shaft bearings, rest¬ 
ing on foundations, or floors, or other 
supports. 


Pitman—A connecting rod; term used more commonly in connec¬ 
tion with agricultural implements. 

Planchet—Blank piece of metal punched out of a sheet before 
being finished by further work. Such as the blanks from which 
coins are made. 

Planer—A machine for producing plane surfaces on metals. The 
work is held on table or platen which runs back and forth under 
the tool which is stationary. 




Planer Centers—A pair of index centers 
to hold work for planing. Similar to 
plain milling machine centers. 


Planer, Open Side —A planer with only one upright or housing, 
supporting an overhanging arm which takes the place of the 
usual crossrail. Useful in planing work too wide to go between 
the housings of the ordinary planer. 

Planer, Radius —For planing parts of circles, such as links for loco¬ 
motive or stationary-engine valve motion. 

Planer, Rotary —Really a large milling machine in which the work 
is carried past a rotary cutter by the platen or table. 

Planer, TravelMg Head —Planer in which work is stationary and 
tool moves over it. Seldom used in United States. 



PLANER 

List of Parts of Planer 


1. Bed. 

2. Master switch. 

3. Slotted lever. 

4. Bull gear shaft. 

5. Shifter lever. 

6. Front dog, right hand. 

7. Table, 

8. Left-hand sidehead. 

9. Tool clamp. 

10. Apron of left-hand rail head. 

11. Toolbox of left-hand rail head. 

12. Slide of left-hand head. 

13. Slide clamp of left-hand head. 

14. Downfeed screw, left-hand head. 

15. Graduated collar for downfeed. 

16. Downfeed crank. 

17. I|arp, left-hand head. 

18. Saddle of left-hand head. 

19. Rail. 

20. Cross-feed screw for right-hand 

head. 

21. Downfeed rod. 

22. Cross-feed screw for left-hand 

head. 

23. Counterweight cable for left- 

hand sidehead. 

24. Left-hand housing. 

25. Left-hand rail elevating screw. 

26. Rapid-traverse gear case, left 

hand. 

27. Sidehead counterweight sheave. 

28. Centralized oiler for traverse 

gears. 


29. Traverse motor. 

30. Rail-setter gear case, 

31. Safety clutch for rail setter. 

32. Elevating shaft. 

33. Case for traverse gears, right 

hand. 

34. Centralized oiler for traverse 

gears. 

35. Rail-setter lever. 

36. Traverse-control shaft. 

37. Traverse-drive shaft. 

38. Feed-drive shaft. 

39. Sidehead screw, right hand. 

40. Right-hand housing. 

41. Right-hand rail elevating screw. 

42. Top brace. 

43. Downfeed crank for right-hand 

head. 

44. Graduated collar for downfeed, 

right-hand head. 

45. Downfeed screw, right-hand 

head. 

46. Harp for right-hand head. 

47. Slide for right-hand head. 

48. Slide-clamping screw for right- 

hand head. 

49. Saddle for right-hand head, 
so. Toolbox for right-hand head. 

51. Apron for right-hand head. 

52. Toolbox clamping bolts, right- 

hand head. 

53. Graduated collar for cross-feed 

screw of left-hand head. 
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$4. Graduated collar for downfeed 
at end of rail. 

55. Graduated collar for cross-feed 

of right-hand head. 

56. Traverse lever for left-hand 

head across rail. 

57. Traverse lever for slides up or 

down. 

58. Traverse lever for right-hand 

head across rail. 

SO. Ratchet feed gear for left-hand 
head. 

60. Ratchet feed gear for downfeed. 

61. Ratchet feed gear for right-hand 

head. 

62. Rail-lock shaft. 

63. Feed reverse-tumbler gear. 

64. Cantslip feed dial. 

65. Sidehead crank. 

66. Sidehead cantslip feed dial. 

67. Ratchet feed gear for sidehead. 

68. Centralized oiler for sidehead. 


69. Clamp for saddle of right-hand 

sidehead. 

70. Saddle of right-hand sidehead. 

71. Clamp for sidehead slide. 

72. Harp for sidehead. 

73. Graduated collar for feed, side- 

head. 

74. Slide for sidehead. 

75. Sidehead toolbox. 

76. Sidehead apron. 

77. Self-releasing plunger for side- 

head apron. 

78. Crank for in-and-out feed on 

sidehead. 

79. Rapid traverse lever for side- 

head. 

80. Bevel gears for feed drive. 

81. Shaft for second intermediate 

gear. 

82. Flexible coupling for drive shaft. 

83. Reversing motor. 


Planishing—The finishing of sheet metal by hammering with 
smooth-faced hammers or their equivalents. 

Plate, Master—A steel plate serving as a model by which holes in 
jigs, fixtures, and other tools are accu¬ 
rately located for boring. In the illus¬ 
tration the piece to be bored is shown 
doweled to the master plate, which is 
mounted on the faceplate of the lathe. 
In the master plate there are as many 
holes as are to be bored in the work, 
and the center distances are correct. 
The plate is located on a center plug 
fitting the lathe spindle, and after a 
given hole is bored in the work, the 
master plate and work are shifted and 
relocated with the center plug in the 
next hole in the plate and the corre¬ 
sponding hole in the work is then bored out. This is one of the 
most accurate methods employed by the toolmaker on precision 
work. Largely used before the advent of the jig borer. 

Platen—A work-holding table on miller, planer, or drill. 

Plumb, Bob, Mercury—Plumb bob filled with mercury to secure 
weight in a small space. 



PRESSES: 

Press, Blanking—For heavy punching or swaging. 

Press, Broaching—A press for pulling or forcing broaches through 
holes in metal work. 

Press, Cabbaging—For compressing loose sheet-metal scrap into 
convenient form for handling and remelting. 

Press, Coining—For making coins from metal planchets previously 
blanked out.. Usually has a toggle action. 

Press, Double Action—Has a telescoping ram or one ram inside the 
other, each driven by an independent cam so that one motion 
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follows the other and performs two operations for each revolu¬ 
tion of the press. 

Press, Forcing—For forcing one piece into another, such as a rod 
of brass into a locomotive connecting rod. 

Press, Forging—For forging metal by subjecting it to heavy pres¬ 
sure between formers or dies. 

Press, Homing—For closing side seams on pieced tinware. 

Press, Inclinable—One that can be used in vertical or inclined 
position. 

Press, Pendulum—Foot press having a pendulum-like lever for 
applying power to the ram. 

Press, Screw—Pressure is applied by screw. 

Press, Straight-sided—Made with perfectly straight sides so as to 
give great strength and rigidity for heavy work. 

Profiling Machine—A milling machine in which the cutter can be 
made to follow outline or pattern in shaping small parts of 
machines. Practically a vertical milling machine. 

Protractor, Bevel—Graduated semicircular protractor having a 
pivoted arm for measuring off angles. 

Pull-pin—A means of locking or unlocking two parts of machinery. 
Sometimes slides gears in or out of mesh and at other times 
operates a sliding key which engages any desired gear of a 
number on stud. 

Pulley, Gallow or Guide—Loose pulley mounted in movable frames 
to guide and tighten belts. 

Pulley, Idler—A pulley running loose on a shaft and driving on 
machinery, merely guiding the belt. Practically same as a 
“loose pulley.” 

Pulley, Loose—Pulley running loosely on shaft doing no work. 
Carries belt when not driving tight (or fast, or w^orking) pulley. 
Is used on countershafts, for belt driven machines idle part 
of time. Belt is then on the loose pulley, but when shifted 
to tight pulley, the machine starts up. 

Punching—A piece cut out of sheet stock by punch and die; the 
same as blank. 

Punch, Belt—Hollow, round, or elliptical punch for cutting holes for 
belt lacing. 

Punch Press—Machine in which a ram moves a punch against, or 
through, a die held in the frame on a bed or bolster. Made 
for punching holes or forming metal. Some now form a whole 
automobile top at one stroke. 



LARGE PUNCH PRESS 
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PUNCH PRESS 

1. Bed. 

2. Right-hand upright. 

3. Left-hand upright. 

4. Crown (these four parts together with the necessary tie-rod nuts 
(part 25) and the tie rods (part 26) constitute the frame which may 
also be of a solid casting on some of the smaller machines). 

5. Plunger or inner slide. (On single-action presses this would be called 
a slide.) 

6. Blank-nolder or outer slide. 

7. Bolster. 

8. Bolster bolts. 

9. Operating l«^er. 

10. Gib. 

11. Intermediate gear-supporting bracket. 

12. Intermediate adjusting gear. 

13. Worm-gear case. 

14. Bevel gear. 

15. Yoke. 

16. Center bearing cap. 

17. Main toggle link. 

18. Right-hand main gear. 

19. Cross-head guide. 

20. Main toggle lever. 

21. Uni versal joint. 

22. Cross head. 

23. Sleeve. 

24. Cross-head guide bracket. 

25. Tie-rod nut. 

26. Tie rod. 

27. Air cylinder. 

28. Bevel ^ear. 

29. Adjusting shaft. 

30. Crankshaft. 

31. Universal lever. 

32. Universal connection leaf. 

33. Connection cap, 

34. Connection. 

35. Connection screw-clamp adjusting screw. 

36. Connection screw clamp. 

37. Counterweight. 

38. Flywheel. 

39. Flywheel clutch. 

40. Side-arm bracket spacer. 

41. Left-hand main gear. 

42. Blank-holder adjusting screw\ 

43. Blank-holder adjusting screw nuts. 

44. Flywheel brake. 

45. Side-arm bracket. 


Quadrant—A segment of a circle. The swinging plate carrying 
the change gears in the feed train at the end of the lathe. 

Quick Return—A mechanism employed in various machines to 
give a table, ram, or other member a rapid movement during 
the return or noncutting stroke. 

Quill—A hollow shaft that revolves on a solid shaft, carrying 
pulleys or clutches. When clutches are closed, the quill and 
shaft revolve together. 
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Rack—A strip cut with teeth so that a 
gear can mesh with it to convert 
rotary into reciprocating motion or 
vice versa. 

Ratchet—A gear with triangular-shaped teeth adapted to be 
engaged by a pawl which either imparts intermittent motion 
to the ratchet or else locks it against backward movement when 
operated otherwise. 

Ratchet Drill—Device for turning a drill 
when the handle cannot make a com¬ 
plete revolution. A pawl on the 
handle drops into a ratchet wheel on 
the barrel so that it can be turned one 
or more teeth. 

REAMERS: 




Reamer—A tool to enlarge a hole already existing, whether a cast 
or cored hole or one made by a drill or boring bar. Reamers 
are of many kinds and shape as indicated below. Usually a 
reamer gives the finishing touch to a hole. 

Ball Reamer—Usually a fluted, hemispherical reamer for making 
the receiving portion of a ball joint. It is considered advisa¬ 
ble to space the teeth irregularly, as this tends to prevent 
chattering. 

Bridge Reamer—A reamer used by boilermakers, bridgebuilders, 
shipbuilders, etc., has a straight body from A to B and tapered 
end from B to C. This reamer has a 
taper shank and can be used in an air 

Center Reamer—Center reamers, or counter¬ 
sinks for centering the ends of shafts, etc., are 
usually made 60 degrees included angle. 
Combined center drill and reamer are now 
universally used. 

Chucking Reamer—Chucking reamers 
are used in turret machines. The 
plain, fluted type has teeth 
relieved the whole length; while 
the rose reamer cuts only on the 
end, as there is no peripheral 
clearance. Where possible, ream- 


q...H b 


CZQ[> 

Flat 


CZI 


Fluted 


cx 


Rose 


ers used in the turret should be mounted in floating holders 
which allow the reamer to play sidewise sufficiently to line up 
with the hole in the work which may be so drilled or bored as 
not to run perfectly true prior to the reaming operation. 

Chucldng Reamer (Three-Groove)—Spiral-fluted chucking reamers 
with three and four grooves are employed for enlarging cored 
, holes, etc. They are also made with 

passages through them and in 
^ this form are adapted to operating in 

steel. 
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Flat Reamer—A reamer made of a flat piece of steel. Seldom 
used except on brass work and then usually packed with 
wooden strips to fit the hole tightly. Flat reamers are not 
much used except for taper work. 

Half-Round Reamer—Used considerably in some classes of work, 
particularly in small sizes and taper work when taper is slight. 
Not much used in large sizes. Somewhat resembles the “hog- 
nose driir’ in general appearance except that this is always 
quite sharp on cutting edge. 

Rose Reamer—A ^reamer with teeth only on the front end and 
only clearance or chip grooves, or flutes in the body. Cutting 
edge is usually 45 degrees. 

Shell Reamer—Shell reamers have taper 
holes to fit the end of an arbor on 
which they are held in the chucking 
machine. They are made with 
both straight and helical flutes. 
Made with a variety of flutes. 
Taper hole is i inch to the foot. 

Taper Reamer—For finishing taper holes two or more reamers are 
sometimes used. The roughing reamer is often provided with 
nicked or stepped teeth to break up the 

e ~ ** ^ 7 ; ;' ,|||| . chip. Taper reamers are also made 

-with helical teeth. Where the taper is 

Roughing slight, the helix should be left-hand to 

prevent the reamer from drawing in too 
fast; where the taper is abrupt, the 
teeth, if cut with right-hand helix, will 
Finishing help hold the reamer to the cut and 

make the operation more satisfactory. 

Taper-Pin Reamer—See Taper Pins. 

Recess—A groove below the normal surface of work. On flat work 
a groove to allow tool to run into as a planer, or a slide to run 
over as a crosshead on a guide. In boring a groove inside a 
hole. If long it is often called a “chamber.” 

Relief or Relieving—The removing of material or the amount 
removed to reduce friction back of cutting edge of a drill, 
reamer, tap, etc. Also applied to other than cutting tools. 
See Backing Off. 

Riffle—Name given a small file used by die sinkers and on similar 
work. 

Rivet—A pin for holding two or more plates or pieces together. A 
head is formed on one end when made; the other end is upset 
after the rivet is put in place and draws the riveted members 
close together. 
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Rivet Machine—Machine for making rivets from metal rods. 



Rivets 

A —Machine head 
B —Cone head 
C—Wheel head 
D —Oval countersunk head 
E —Globe head 
F—Round head 
G —Truss head 
II —Flat head 
/—Countersunk head 
J —Bevel head 
K —Wagon-box head. 


Rule, Hook—Rule with a hook on the 
end for measuring through pulley 
holes and in similar places. 


Rule, Keyseat—For laying out keyseats on shaft or in hubs. 

Rule, Shrink—Graduated to allow for shrinkage in casting. Used 
by pattern makers and varies with metal to be cast. 

Rust Joint—A joint made by application of cast-iron turnings mixed 
with sal ammoniac and sulphur to cause the turnings to rust 
and become a solid body. 



S 

Sand Blast—Sand is blown by compressed air through a hose as 
desired. Used to clean castings, stonework, etc. 

Saw, Band—Continuous metal band, toothed on one edge and 
guided between rolls. Mostly used on woodwork, but its 
use on metal work is increasing. 

Saw, Cold—Machines for sawing metal with circular saws. 

• Saw—See Hacksaw. 

Scarf—The bevel edge formed on a piece of metal which is to be 
lap-welded. 

SCREW-MACHINE TOOLS: 

Box Tool, Bushing—The cutters in this 
tool are placed with edges radial to 
the stock and may be adjusted to 
turn the required diameter by the 
screws in the rear. The stock is 
supported in a bushing and must 
therefore be very true and accurate 
as to size. 
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Box Tool, Finishing—The material 
turned in this box tool is supported 
by adjustable back-rest jaws, and 
the cutters are also adjustable in 
and out, as well as lengthwise, of the 
tool body. 


Box Tool, Roughing—This tool has one or more cutters inverted 
over the work and with cutting edges tangent to the material. 



The back rest is bored out the size the 
screw or other piece is to be turned, and 
the cutter turns the end of the piece 
to size before it enters the back rest. 
Sometimes a pointing tool is inserted in 
the shank for finishing the end of the 
work. 

Drill Holder—The end of the drill holder 
is split and provided with a clamp 
collar by which the holder is closed 
on the drill. 


Feed Tube—The screw-machine feed tube or feed finger is closed 
prior to hardening and maintains at all times a grip on the stock. 

The rear end is threaded and screwed 
into the tube by which it is operated. 
It is drawn back over the stock and 
when the chuck opens, is moved for¬ 
ward, feeding the stock the right dis¬ 
tance for the next piece. 

Forming Tools—Circular forming cut¬ 
ters are generally cut below center 
to give proper clearance, and the 
tool post is bored a corresponding 
amount above center to bring the 
tool on the center line. Dovetail 




Circular Dovetail 


cutlers are made at an angle of 
about 10 degrees for clearance. 


Hollow Mill—Usually made with three prongs or cutting edges and 



with a slight taper inside toward the 
rear. A clamp collar is used on mill 
like a spring-die collar, and a reason¬ 
able amount of adjustment may be 
obtained by this collar. Hollow mills 



are frequently used in place of box 
tools for turning work m the screw 
machine. 

Knurling Tool—The two knurls in this 
box are adjustable to suit different 
diameters of work. 
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Pointing Tool—The bushing in this 
tool receives and supports the end 
of the round stock, and the cutters 
carried in the frame form and 
point the end. 


Revolving Die Holder—^The common type of revolving die holder 
that is generally used with spring dies has a pair of driving 
pins behind the head and in the flange 
of the sleeve which fits into the turret 
hole. At the rear end of the sleeve is a 
cam surface that engages a pin in the 
shank of the head when the die is 
reversed. The die is run on to the work 
with the driving pins engaged. When 
the work is reversed, the cam at the rear engages the pin in the 
shank and holds the die from turning so that it must draw off 
the work. 



Spotting Tool—This tool spots a center 
in the end of the bar of stock to 
allow the drill to start properly, and 
also faces the end of the piece true. 
Sometimes called “centering and facing’^ tool. It is desirable 
to have the included angle of the cutting point less than that 
of the drill which follows it, in order that the latter may start 
true by cutting at the corners first. 

Spring Collet—Spring collets or chucks are made to receive round, 
square, hexagonal, or other stock worked 
in the screw machine. The collet is 
hardened and is closed in operation by 
being pressed into the conical cap into 
which it fits. When released, it springs 
open sufficiently to free the stock and 
allow it to be fed through the collet. 

Spring Die and Extension—Spring dies 
or prong dies are provided with a 
collar at the end for adjusting and 
are easily sharpened by grinding in 
the flutes. 

Screw Plates—Holders for dies for cutting threads on bolts or 
screws. Dies are usually separate but sometimes cut in the 
piece that forms the holder. 

Screws—The machine screws in most common use are shown under 
Bolts, Nuts, and Screws. A few of the less used varieties are 
shown here. See Section XV. 

Collar Screw—Collar or collar-head 
screws are used for much the same 
purposes as regular capscrews and, 
m fact, are sometimes designated as 
“collar*’ capscrews or“ collar-head* 3 
capscrews. 
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Flat Head 


Oval Head 


Round Head 


Piano Head 


Hexagon Head 


Square Bung Head 


Round Bung Head 


Winged 


Oval Fillister Head Countersunk Fillister Head 


Clove Head 




Headless 


IS 

Pinched Head 


■ amtlttlV— 

Dowel 


Winged Wmged Head 

WOOD SCREWS 
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Single Shoulder 



Double Shoulder 


Shoulder Screw—Shoulder screws are 
commonly used for carrying levers 
and other machine parts that have 
to operate freely. The screw body 
is enough longer than the thickness 
of the piece pivoted thereon to allow 
the latter to work easily when the 
screw is set up tight against the 
bottom of the shoulder. With 
double shoulders two members may 
be mounted side by side and left 
free to operate independently of 
each other. 



Thumbscrew—A screw with a winged or 
knurled head, which may be operated 
by hand when a quick and light 
clamping effect is desired. 

Washer-Head Screw—The washer formed 
on this screw enables it to be used for 
holding pieces with large holes without 
applying a loose washer. 


Wood Screws —Wood screws are made in an endless variety of 
forms, a number of which are shown on the following page. 
They range in size from No. o to No. 30 by the American Screw 
Company's gage and are regularly made in lengths from J inch 
to 6 inches. Generally the thread is cut about seven-tenths 
of the total length of the screw. The flat-head wood screw has 
an included angle of head of 82 degrees. 

Sector —A device used on an index plate of a dividing head for 
indicating the number of holes to be included at each advance 
of the index crank in dividing circles. The sector can be 
opened or closed to form as large or small an arc as necessary to 
cover the desired number of holes for each movement of the 
crank. 

Set —The bend to one side of the teeth of a saw. Any deformation 
of metal or other material stressed beyond its elastic limit. 

Shaft, Flexible —Shaft made of a helical spring or of jointed parts, 
to transmit power in varying directions. Usually confined in a 
casing of fabric or of flexible tubing. 

Shaft, Line —The shafting driving the machinery of a shop or 
section of a shop by means of pulleys and belts. 

Shaper —A machine in which the work is held on table or knee 
while the tool held by a tool post on the moving ram moves 
across it. Table is adjustable for depth of cut, etc. 

Shaper, Crank —A shaper in which the ram is driven by a crank 
motion. 

Shaper, Draw Cut—The cutting stroke takes place when tool is 
moving toward frame of machine. This tends to draw the 
parts together. 
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SHAPER 


I. Tool post. 

3. Clapper block. 

3. Clapper box. 

4. Tool head. 

5. Tool-head feed screw. 

6. Tool slide. 

7. Ram adjuster. 

8. Position lever. 

9. Ram. 

10. Stroke indicator. 


11. Stroke scale. 

12. Ram guide. 

13. Oiler. 

14. Table. 

15. Vise. 

16. Saddle. 

17. Cross-feed. 

18. Feed adjustment. 

19. Control lever. 

20. Speed change box. 


Shaper, Gear—A macnine for planing or shaping gear teeth by 
using a hardened cutter, shaped like a pinion gear as a tool, and 
moving it across the face of the gear. 

Shaper, Geared—The ram is driven by rack and pinion with a slow 
cutting stroke and a quick return by shifting open and crossed 
belts the same as on a planer. 

Shapers, Traverse or Traveling Head—The ram feeds along work, 
which is stationary. 

Shaving—The removal of small quantities of material to ensure 
correct size or shape. Refers to both punch and die work and 
to finishing of gear teeth by special cutting tools. 

Shears—Tools for cutting metals between two blades. The ways 
on which the lathe carriage and tail stock move are called 
“shears” by some, “ways” by others. They may be either V, 
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flat, or any other shape. Also a hoisting apparatus used on 
wharves or docks, consisting of two heavy struts like an 
inverted V. 

Shedder—A plate or ring operated by springs or by a rubber pad 
to eject a blank from a compound die. It acts as an internal 
stripper, and is sometimes known as an “ejector.’’ 

Sherardizing—The name given to a new process of dry galvanizing 
of any iron product. 

Shifter Forks—Arms to guide belt from tight to loose pulley, or 
vice versaj by pressing the sides. 

Shim—A liner or piece to place between surfaces to secure proper 
adjustment. 

Shrink Fit—Expanding an outer member by heat to increase 
its diameter so it will go over the inner member, which is 
slightly larger than the hole. On cooling, it contracts and 
grips the inner piece. 

Single-Point Boring—Boring with a single pointed tool. For 
accurate work either cemented carbide or diamond cutting 
tools are used. Sometimes called “diamond boring.” 

Slip Washer—See Washer, Open. 

Slotted Washer—See Washer, Open. 

Slotter—A machine for planing vertical surfaces or cutting slots. 

The tool travels vertically. Some call it vertical shaper. 

Socket, Grip—A device for driving drills and other tools with either 
a straight or taper shank. 

Sow or Sow-Block—^Local name for a chuck for holding work, such 
as dies. A ball chuck. 

Spinning—The forming of sheet metal by rolling it against forms 
such as lamp bodies. Lathes are made especially for this work. 

Spline—Used in some sections in place of “key” and in others the 
same as “feather.” See Key and Feather. 

Split Nut—Nut split lengthwise so as to open for quick adjustment. 

Spot or Spotting—Spotting is making a spot or surface for a 
locating point or to lay out from. Also used to designate place 
turned for steady rest support, before turning balance of a 
shaft. Sometimes the finish given by a scraper or by an 
abrasive, to make a variegated surface, is called spotting. 

SPRINGS: 


Spring, Compression—A helical spring 
which tends to shorten in action. 


Spring, Helical—A spring coiled lengthwise of its axis like a screw 
thread. Often incorrectly called a spiral spring. 

Spring, Leaf-r-A built-up spring made of flat stock like a carriage 
spring or locomotive driving spring. 



Spring, Spiral —A spring wound with one 
coil over the other as in a clock 
spring. Usually of flat stock, but 
not always. 

s 
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Spring, Tension—A helical spring which 
tends to lengthen in action. 

Spring, Torsion—A helical spring which 
operates with a coiling or uncoiling 
action as a door spring. 


Spring, Valve—A helical spring used on valve stems 
apd similar places, each coil being smaller than 
the one below, in order that the spring may close 
up into a very small space and then have a con¬ 
siderable range of action. 

Sprue Cutter—A cutting punch for trimming sprues from soft metal 
castings. 

Square, Caliper—A square with a caliper adjustment for laying out 
work. 




Square, Center—For finding the center 
of a round bar by placing across the 
end and scribing lines in two differ¬ 
ent positions. Also used as a T 
square. Not so much used as 
formerly. 


Square, Combination—A tool combin¬ 
ing square, level, and protractor in 
one tool. 


T Square—A straight edge with a 90-degree head at one end com¬ 
monly used on the drawing board for drawing straight lines. 
It also forms a guide on which triangles are used. 



Square, Try—Small square for testing 
work as to its being at right angles. 


Star Wheel Feed—An intermittent feeding device where a wheel 
with projections on its edge is fastened to a feed screw and 
turns it whenever a point on the wheel strikes a pin. Fre¬ 
quently used on boring bars where the tool head is fed by a 
screw as the bar turns in the bore. 

Steady Rest—A rest attached to the lathe ways for supporting long, 
slender work. 

Steel, High-Speed—A name given to steels which do not lose their 
hardness by being heated under high-speed cuts. Alloy steels 
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which depend on tungsten, chromium, manganese, molyb- 
denum, etc., for their hardness. 

Stocks, Ratchet—Die stocks with ratchet handles. 

Straight Edge—A piece of metal having one edge ground and 
scraped flat and true. Small ones are sometimes made of steel, 
but large, straight edges are usually of 
cast iron, proportioned to resist bend¬ 
ing, and are used for testing the truth 
of flat surfaces such as planer ways. 

Strapping—A method of buffing by the use of a flexible strap or 
belt, usually made of cloth and covered with abrasive held in 
place by glue. Runs over two pulleys or one pulley and a rod 
or plate at high speed. 

Stripper—A plate placed over the die in a punch press with a 
gap beneath to admit the sheet stock and an opening to allow 
the punch to pass freely; upon the upstroke of the punch it 
prevents the strip of metal from lifting with the punch. 

Stud, Collar—The collar stud forms a satisfactory device for car¬ 
rying gears, cam rolls, rocker levers, etc. 
It is often provided with a hole at the 
end for a cotter pin or is slotted for a 
split washer, to retain the gear, or other 
part in place. 

Stud, Shotilder—A stud of this form is used for mounting levers and 
other parts which could be operated on a plain, unthreaded 
stud, which stud, however, cannot be 
conveniently set or removed when nec¬ 
essary. It is also a form of post or 
guide sometimes employed in machine 
construction for carrying one or more 
sliding parts. 

Stud, Threaded—See Bolts, Nuts, and Screws. Section XV. 

Superfinish—A method of producing an extremely smooth surface 
by the use of fine abrasive stones moved in a number of 
directions over the work. Devised by D. A. Wallace, in 1938. 

Surface Plates—Cast-iron plates with sur¬ 
faces scraped flat for use in testing 
work. Should be made in sets of three 
and so scraped that each one has a per¬ 
fect bearing with the two others. 

Swaging—Changing the sectional shape of a piece of metal by 
hammering, rolling, or otherwise forcing the particles to change 
shape without cutting. 








Swaging Blocks—Blocks of cast 
iron or steel to assist black¬ 
smith in swaging and bending 
iron to various shapes. A is 
for use in the hardie hole in 
the anvil, B can be used any¬ 
where but is usually on or 
beside the anvil. 


A 


B 




DICTIONARY OF SHOP TERMS 


1319 



Swaging Hammer—A connection with 
the swaging block to swage metal to 
the desired size and shape. 


Swaging Machine—A machine for reducing, tapering or pointing 
wire or tubing either between rolling dies or by hammering with 
rapid blows between dies of suitable shape. 

Sweating—Another name for soldering. 

Swing of a Lathe—Iif the United States the swing of a lathe means 
the largest diameter of the work that can be swung over the 
ways or shears. In England it means the distance from lathe 
center to the ways or one-half the United States measurements. 

T 


Take-up—Name given to device for taking up slack in belt or rope 
drives. 

Tap—Hardened and tempered steel tool for cutting internal 
threads. Has a thread cut on it and flutes to give cutting 
edges. 

Tap, Echols Thread—This form of tap has every other thread cut 
away on each land, but these are stag¬ 
gered so that a space on one land has 
a tooth behind it on the next land. 
This is done for chip clearance. 

Tap, Hob, Sellers—Has threads in center 
and numerous flutes. For bobbing 
dies and chasers. 


Tap, Patch-Bolt—Tap for boilermakers^ use in patching boilers. 

Sizes vary by sixteenths from ^ to 
ij inches. All threads are 12 to the 
inch, and taper is f inch per foot. 

Tap, ]Mley—Tap with a long shank to 
reach the hub of pUlley for tapping 
fa setscrew holes. 



Tap Remover—Device for removing broken taps. Usually has 
prongs w^hich go down in the flutes and around the central 
portion. 

Tap, Staybolt—Tap for threading boiler sheets for staybolts. A 
reams the hole, B is a taper thread, C is straight thread of right 
® ^ square for driving tap. All 

« standard staybolt taps have 12 threads 

^ ^ ^ per inch. 

Tap, Step—Tap made with “steps” of varying diameters. Front 
end cuts part of thread, next step takes out more and so on to 
the end. Only used for heavy threads, usually square or Acme. 

Tapped Faceplate—Having a number of tapped holes instead of 
slots. Studs screw in at any desired point. 
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Tapping Machine—For cutting threads with taps (tapping) in nuts 
or other holes. 

Toggle—Arrangement of levers to mul¬ 
tiply pressure obtained by making 
movement given to work very much 
less than movement of applied 
power. 

Tolerance—Permissible variation from basic dimension. 

Tolerance, Bilateral-Permissible variation both above and below 
basic. A plus or minus tolerance. 

Toler^ce, Unilateral—Permissible variation in one direction only, 
either a plus or minus, but not both. 

Tool, Diamond—Black diamond set in metal for truing emery or 
other abrasive wheels. Also used for cutting metal. 

Tool Holder, Lathe or Planer—A body or shank, adapted to hold 
small pieces of tool steel for cutting tools. 
These can be removed for sharpening or 
renewal without moving the holder and 
saves resetting the tool to the work. 
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TOOLS, LATHE 


















straight Thraadimg Tool. , n. .. 

_ Bent Threading Teel. 


Ball ^ose Tool. l^iuiBhing or Necking Tool. 

Scaling Tool. For Tracing Up Centers, ftOk 

TOOLS, PLANER 


1—1 

iihhhsi 

^ Le/t'band Side Tool 

_ 

lUgbt'band Side Tool 

IBBBII 



1 _/ 

OOQce Nose Tool 


Le/t'band Side Tool lUght-hand Side Tool 


Itnil KTAaM fAV' Ri 


OwCa. 


























Left-hand Bevel Tool. 




\v 

□ _ ^ 


tor Smoothing Wrought Iron or Steel. 

Smoothing Tool for Cast Iroa 


TOOLS, PLANER AND BLOTTER 
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Tool, Knurling—For roughing or checking the outside of turned 
work so it can be really grasped by hand. The tool is a whee 1 
with the desired markings cut in the 
edge and hardened. It is forced against 
the work and actually forces the metal 
up into the depressions in the wheel. 
Some knurls are held in the end of a 
hand tool but for heavy knurling they 
are made to go in the tool post as shown. 
Tools, Inserted Cutter—Holders in which are held small steel cut¬ 
ting tools. These are usually removed for grinding or replacing 
when broken or worn out. Now made of high-speed steel. 
Tote Boxes or Pans—Pans or trays, usually of steel, for carrying 
^ or storing small parts. 

Train—A series of gears, as the feed train of a lathe connecting 
spindle with lead screw. Also applied to series of levers. 

Trammels—For drawing large arcs 
or circles or for laying out cen¬ 
ter distances. Frequently called 
“trams.*’ Fit on a beam and their 
capacity depends on the length of 
the beam. 


Trepanning Tool—Tool for cutting an annular groove outside or 
around a bored hole. 

Tripper—Device that trips any piece of mechanism at the desired 
time. An example is found in conveyers where the tripper 
dumps the material at the desired point. 

Tumbler Gear—An intermediate gear which meshes in between 
other gears to reverse the direction of the driven gear of the 
train. 




Stub End 



Hook and Bye 


Turn Buckle—Really an elongated nut for 
connecting and tightening truss rods, 
tie rods, etc., used in construction 
work. Some have right- and left-hand 
threads as at top. Others thread in 
one end only. 


Tuyere—The pipe or opening into forge through which air is forced. 


V 

Vise, Drill—Vise for use on drill press to hold work being drilled. 

Vise, Hand—A small vise to be held 
in the hand. For small work that 
requires turning frequently to get at 
different sides. 

Vise, Jig—A drill vise with arms which carry bushings so that 
pieces can be drilled in duplicate without special jigs for them. 
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Vise, Pin—Small hand vise for holding small wire rods. 

V’s—Ways shaped like a V, either raised above the bed, as on a 
lathe, or cut below, as in a planer, for guiding the travel of a car¬ 
riage or table. 

W 

Washer, Open—Washers with one side open so as to be removed 
or slipped under the nut to avoid necessity of taking the nut 
entirely off. Also called a “ C’* washer. 

Watt—The unit of el^trical power and equals volts multiplied by 
amperes. 746 watts are equal to i horse power. 

Ways—The guiding or bearing surfaces on which moving parts 
slide, as in a lathe plane or milling machine. The ways may be 
of any form, flat, V, or any other shape. 

Welding—The joining of metals by heating the parts to be joined 
to the fusing point. Welding in an open fire is usually confined 
to iron and steel, but nearly all metals can be joined by electric 
or oxyacetylene welding. 

Welding, Butt—Welding two pieces end to end, without overlap. 
By electricity the parts are heated to the fusing point and 
forced into close contact. By flame welding the edges are 
beveled and metal melted into the openings. 

Welding, Lap—Pieces are lapped, and the contact surfaces welded 
by heat and pressure. 

Welding, Shot—An electric process patented by Budd whereby a 
welding current is ‘^shot^^ through the sheets in contact at 
very frequent intervals, welding the sheets at these points. 
It can be practically continuous, or ‘^seam^^ welding. Gener¬ 
ally used on thin sheet metal. 

Welding, Spot—Electric welding by current passed through the 
parts between the contact points when pressure is applied. 
Largely used in place of riveting, as each spot is practically a 
rivet. 

Wind—Pronounced with a long i as in “mind” and refers to a 
twist or warping away from straightness and parallelism. 
Work Bench—Bench for handwork with vise, or for assembly. 
Usually 33 to 35 inches from floor and about 30 inches wide. 
Now largely made of metal, usually with wood or linoleum top. 
Wrench, Bridge Builders’—Large heavy wrench with a hole in end 
for a tackle to apply power. 

WRENCHES, MACHINE; 

A variety of wrenches are illustrated herewith, and the usual 
name given. 

A 15-degree angle opening permits the turning of a hexagon 
nut completely around where the swing of the handle is limited to 
30 degrees. 

A 2 2j-degree angle opening permits the turning of any square 
head bolt or screw completely around where the swing of the handle 
is limited to 45 degrees. 
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Single End, Hex. 



Double End, Hex. 

15® Angle, Single End 



15® Angle, Double End 



22^® Angle, Double End 



Single End, Set Screw and 
Machine 



Double End, Set Screw 
and Machine 



Box’^-Tool Post 



Double End, Tool Post 



Hex. Box, 15® Angle 



Pin-face, For Round 
Nuts Having Holes in 
their Face to Receive 
the two Wrench Pins 

-> 

Hook Spanner, Milled 
out to suit Round Nuts 
Having Notches in the 
Periphery to Receive 
the Hook at the End of 
Spanner 


Pin Spanner Used on 
Round Nuts which 
have Holes in the Per¬ 
iphery to receive the 
Spanner Pin 
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WRENCHES, MISCELLANEOUS 



Monkey or Screw Stillaon Pipe 



Construction Track 



Wrench, Tap—Wrench for holding and 
turning taps. Usually made adjust¬ 
able for different sizes. 


CYringing Fits—See Calipering and Fitting. 
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Unfinished drop-forged wrenches are plain forgings, with openings 
milled to fit the nut or screw on which they are to be used. 

Semifinished wrenches are milled to fit the nut or screw on which 
they are to be used and case hardened all over. 

Finished wrenches are milled to fit the nut or screw on which they 
are to be used and are ground, polished, case hardened all over, lac¬ 
quered, with heads bright. 
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SECTION I 
MATERIALS 

Amola Steel. —Amola steels were developed by the late C. Harold 
Wills for the Chrysler Corporation to duplicate the physical prop¬ 
erties of chrome-vanadium steels at a lower cost, using balanced 
proportions of molybdenum, manganese, and silicon. The S.A.E. 

Table i.—Drill Speed for Ampco Metals of Different 
Grades 




Roughing 

Finishing 

Ampco 

Grade 

Tool Material 

Speed, in 
Feet per 
Minute 

Feed, in 
Inches 

Speed, in 
Feet per 
Minute 

Feed, in 
Inches 

12 

Cobalt steel 

200 

1 

3 2 

300 

A 

12 

Tungsten carbide 



500 


16 

Cobalt 

175 

1 

'3 2 

250 

* 

16 

Tungsten carbide 



400 

A 

18 

Cobalt 

175 

1 

WI 

250 

A 

18 

Tungsten carbide 


400 

ih 

20 

Cobalt 

100 

1 

•64 

250 

A 

20 

Tungsten carbide 



350 

* 

21 

Cobalt 

100 


200" 

A' 

21 

Tungsten carbide 


300 

A 

22 

Cobalt 

75 


200 

A 

22 

Tungsten carbide 


300 

A 


4000 series is part of this development. In the proper proportions 
these steels include properties that permit their use for cold heading 
and forgings, spring steel, ball and roller-bearing steel, tool steels 
for shear blades, cold chisels, axes, and razor blades. They were 
first used commercially in 1933. 

Ampco Metal. —Ampco metal is a bronze alloy consisting of 
hard particles held in a softer matrix to give wear resistance. It is 
centrifugally cast and is used for bushings and wearing surfaces, 

13-29 
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gears, worm wheels, cams, and rollers. Grade 22 is very hard to 
machine. 

Angles for turning tools, drills, and taps are shown in Fig. i. 
For milling follow standard steel practice as to speeds and feeds. 
Teeth of cutters should be radial. Slow deep cuts to get under 
the skin are best for roughing. Cutting speeds and feeds are given 
in Table i. 

Softer grades, 12, 16, and 18, can use standard taps. For harder 
grades grind off the lead edges to make the edge radial. Drills 
for all grades should be ground a little off center to give added 
clearance, as shown in Fig. i, as well as suggested point angle. 



For grinding use resin-bonded silicon carbide wheels. Use a 
30-grain wheel for rough work and a 60-grain wheel for finishing. 

Kirksite.—Kirksite is a metal with about 94 per cent of very pure 
zinc, the remainder being aluminum, copper, and magnesium. It is 
lighter than lead and melts at about 717°F. It is widely used in 
airplane plants for forming dies for sheet-aluminum parts. 

Magnesium, and Aluminum Alloys.—Magnesium alloys are 
about two-thirds the weight of aluminum and one-fourth that of 
steel. Castings shrink | inch per foot when large, inch when 
small. Sharp corners should be avoided both in castings and in 
machining, such as in spot facing. Thread lengths should be twice 
the diameter for National Coarse pitches and three times for fine 
(S.A.E.) threads. 

Magnesium can usually be cut at the maximum speeds available 
on machine tools. 

Oil-type codlants should be used for high speed and fine chips 
on account of fire hazard. A good coolant is three parts kerosene 
and one part lard oil. If fire occurs, smother it with an asbestos 
mat, powdered soapstone, or graphite, which should be kept in 
containers near machines. Do not use watery for it spreads the fire. 
Do not let chips accumulate on man or machine. 
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Grinding is best done with medium-hard wheels with clay bond 
and 30 to 46 grain. For snagging use 20 grain. When grinding 
must be done dry use high-suction exhaust fans with a capacity 
of 80 to 100 cubic feet per second. Grindings should be precipi¬ 
tated in water on account of fire hazard. Grinding wheels should 
be marked “For Magnesium Only.” 

Punch and die clearance should be small, 0.0015 inch being 
recommended for small sizes. Concaving the punch 3 degrees 
gives a smoother sheared edge. On sheets thicker than 0.065 inch, 
heating the sheet to 500 to 6oo°F. gives a smoother edge. The 
contraction after coaling must be allowed for in the punch. 

Dies for forming magnesium are usually heated either by gas 
or by electricity. In either case the heat must be kept at a uniform 
temperature over the entire die surface. 

The die surface should be kept well lubricated. A good mixture 
is 20 per cent graphite in tallow. Parts may be cleaned with a 
solution of 8 per cent chromic acid, plus 5 per cent nitric acid. 
A dip of 3 to 5 minutes at room temperature is usually enough. 
A 15 per cent chromic solution at boiling temperature can also be 
used. These fumes should be drawn off by ventilation, for they 
harm nasal passages. A tank of pure aluminum is necessary. 

Thin magnesium sheets may be blanked and punched in the same 
way as other metals. When over 0.064 inch thick they may show 
a flaky fracture unless dies have very small clearance. Thicker 
sheets should be heated to 5oo°F., but the shrinkage must be 
allowed for in the punch and die. 

For bends of 90 degrees the sheets should be heated to 350 or 
4oo°F. for a radius of four times the sheet thickness. For a radius 
equal to the thickness of the sheet, a temperature of 6oo°F. is 
necessary. 

MEEHANITE AND ITS HEAT-TREATMENT 

Meehanite is a processed cast iron produced under rigidly con¬ 
trolled metallurgical conditions. Meehanite castings are made in a 
chain of foundries, under license to produce work from this metal. 
Castings have been used for the past 15 years in the construction 
of many types of machinery and industrial equipment with distinct 
advantages to the purchaser. Meehanite responds readily to 
heat-treatment and permits the achievement of high physical 
properties, accompanied by either hardness or machinability. 

Three of the different heat-treatments that may be applied 
successfully to Meehanite castings are: (i) annealing for stress 
relief; (2) quench and draw; (3) annealing for machinability, and 
also machinability in the as-cast condition. 

Stress relieving of Meehanite is carried out at teniperatures 
ranging from 850 to 1150‘^F., depending upon the density of the 
iron. In this treatment, care must be taken to see that the citing 
is not overheated. Overheating causes a marked deterioration in 
the internal structure, with a resultant loss of strength. 

A casting heated at iioo°F. for i hour per inch of section will 
have only a slight drop in tensile strength and hardness. Yet this 
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temperature will remove any stress present in the casting and 
accomplishes the same results as the old process known as ‘‘aging/^ 
which was the practice of exposing iron castings to weather tempera¬ 
tures for a period of from 6 to 8 months. 

Quenching and Drawing.—This treatment consists of heating 
the Meehanite casting slowly to iioo°F. and then transferring the 
casting to a furnace heated to 1575 to i6oo°F. When the casting 
blends with the furnace, it is held at this temperature for 20 minutes 
per inch of section and then quenched in oil or water, preferably oil. 
Withdraw it from the quenching tank while warm—about 300®F — 
and temper immediately. Draw temperatures depend upon the 
hardness or tensile strength required. Table 2 shows the results 
of draws at different temperatures on castings having an original 
tensile strength of 52,000 pounds per square inch. 


Table 2.—Result of Draws at Different Temperatures on 
Mep:hanite 


Draw 

Temperature, °F. 

Strength 

Brinell Hardness 
Number 

570 

72,000 

450 

750 

78,000 

430 

900 

75,000 

33 S 

1000 

73,000 

291 

1200 

60,000 

256 

1300 

52,000 

234 

1400 

47,000 

207 


PLASTICS 

Plastics for Dies.—Two classes of plastics are used in making 
forming dies. Thermoplastics may be softened at any time by 
applying heat. Thermosetting plastics take a permanent set 
after their first heating. 

Catalin. —This is a cast phenolic resin that is noninflammable. 
It weighs 0.048 pound per cubic inch. It can be tumbled to remove 
tool marks and sharp edges. Its strength varies from 3,000 to 
6,000 pounds per square inch. 

Turning .—A zero or negative cutting rake with 10- to 20-degree 
clearance should be used for Catalin. Set tool i or 2 degrees above 
center. A honed tool gives smoother cuts. Dust and shavings 
should be removed by a blower system. Cutting speed is about 
600 feet per minute. 

Drilling .—Drills for Catalin should have a slight negative 
rake on the cutting edge and have large flutes for chip clearance. 
For self-tapping screws use drill one or two sizes smaller than screw. 

Threading .—For coarse threads use thread milling machine for 
best results. 
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Cutting Off, —Abrasive cutting-off disks should be from 6 to 20 
inches in diameter. A thickness of 0.040 to inches and usual 
wheel speeds are suggested. 

Sawing, —Use band saws with 14 to 18 teeth per inch at 1,200 
to 1,500 feet per minute or more. 

Lucite* —^Lucite is a methyl-methacrylate resin that is very clear 
and transparent. 

Drilling, —Standard drills can be used, but best results are 
obtained with drills having a flute angle of 17 degrees, a lip angle 
of 70 degrees, and a lip clearance of from 4 to 8 degrees. The drill 
lands, or margins, should be polished. Flat drills can be used for 
drilling thin sheets? Hollow-end mills are also good for thin stock. 
A good drill speed is about 120 feet per minute, with plenty of mild 
soap solution as a lubricant. Feed should be decreased as the 
hole gets deeper. 

Threading, —Strong coarse-pitch threads are recommended 
instead of sharp V’s. The tap can be run at about 75 per cent of 
the speed used on brass. 

Plexiglas. —Plexiglas is an acrylic synthetic resin that is clearly 
transparent. It is derived from coal, petroleum, and water. It 
should be stored in a moderately moist and ventilated place, below 
I20°F., away from direct sun rays. Cutting tools should have no 
rake. Oil or water coolants are permissible but not necessary. 
Feeds should be constant; if they stop the material burns. 

Sawing. —Use any fine-tooth saw good for wood or metal. For 
thick material every fifth tooth should be ground to clear the 
material from the cut. Run saws 8,000 to 12,000 feet per minute 
with fairly slow feed. Routers can run from 10,000 to 20,000 r.p.m. 

Drilling. —Use regular drills but with very little lead on cutting 
edge. Withdraw drill frequently. Use light feed pressure. 

Tapping. —Back tap out often to clear chips. 

Forming. —Plexiglas is pliable at 220 to 300'^F. Heat to tem¬ 
perature from 15 to 20 minutes, then allow surface to cool for 
I or 2 minutes before forming. 

Cementing. —Use special cements recommended by makers. 

NATIONAL EMERGENCY (N.E.) STEELS 

Shortages, caused by the demand for war purposes, of the alloys 
used in steels that are normally used to secure certain desired 
characteristics have led to the substitution of different steels in 
places where they can be safely used. Some of these steels, known 
by different trade names, use no chromium, vanadium, tungsten, 
or manganese, and only a small portion of molybdenum. These 
are known as graphitic steels and have good wearing qualities 
when properly oil-hardened. Some of these steels machine very 
freely. 

Recommended Substitute Steels for Materials Containing 
Nickel, Chromium, and Vanadium. —In view of the critical situation 
on the three alloys, namely, nickel, chromium, and vanadium, it 
is highly desirable that all specifications be revised as far as possible 
so as to eliminate these scarcer alloys in order that their consump- 
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Table 3.—National Emergency Steels 


Carburizing Grades 



Recommendation i 

Recommendation 2 

A-I320 

A-4027 

8024 

A-23I7 

8024 

A-4027 

A-25IS 

None 

None 

A-3I20 

A-4027 

8024 

E-33IO 

None 

None 

A-4II9 

A-4027 

8024 

A-4I20 

A-4027 

8024 

A-4320 

None 

8124 

A-5I20 

A-4027 

8024 

A-6I20 

A-4027 

8024 


Semi-' 


A-1330 

A-4037 

8233 

A-2330 

8233 

A-4037 

A-3130 

A-4037 

8233 

A-4130 

A-4037 

8233 

A-5130 

A-4037 

8233 

S.A.E. 6130 

A-4037 

8233 


Thorough-Hardening Grades 

(1) Sizes up to 3-inch round, inclusive, or equivalent 

(2) Sizes over 3-inch round, or equivalent 


A-1340 

A-4047 (l) 

8245 


A-4063 (2) 

8447 

A- 233 S 

8339 (i) 

None 


8447 (2) 

None 

A-2340 

8442 (i) 

None 


8447 (2) 

None 

S.A.E. 2345 

8447 (1) 

None 

8547 (2) 

None 

S.A.E. 2350 

8547 (1H2) 

None 

A-304S 

8442 (i) 

A-4068 (i) 

8447 (2) 

None (2) 

A-313S 

8339 (i) 

None 

8442 (2) 

None 

A-3140 

8442 (i) 

None 

8447 (2) 

None 

A-3141 

8447 (i) 

None 

8 S 47 (2) 

None 
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Table 3. — National Emergency Steels. —Continued 



Recommendation i 

Recommendation 2 

A-3I4S 

8447 (i) 

None 


8547 (2) 

None 

A-3I50 

8547 ^K2) 

None 

A-3240 

8442 (l) 

8447 (2) 

None 

S.A.E. 3230 . 

8547 ^K2) 

None 

A-4137 

8339 (•) 

A-4063 (i) 


8442 (2) 

None (2) 

A-4I42 

8442 (l) 

A-4068 (i)* 


8447 (2) ! 

None (2) 

A-414S 

8447 (i) 

A-4068 (i)* 


8347 (2) 

None (2) 

A-4I5O 

8547 U)U) 

A-4068 (i)* 



None (2) 

A-4340 

None 

None 

A-4640 

8339 (i) 

None 


8447 (2) 

None 

A-464S 

8447 (i) 

None 


8547 (2) 

None 

A-46S0 

8547 (i) 

None 


None (2) 

None 

A-S 04 S 

A-4063 (i) 

B339 (i) 


A-4068 (2) 

8442 (2) 

S.A.E. 5140 

8339 (i) 

A-4063 (i) 


8442 (2) 

A-4068 (2) 

A-SI 4 S 

8442 (i) 

A-4068 (i) 


8447 (2) 

None 

A-siso 

8447 (i) 

A-4068 (i) 

8547 (2) 

None (2) 

S.A.E. 6140 

8339 (i) 

8442 [2) 

A-4063 (i)* 
A-4068 (2) 

A-614S 

8442 (1) 

A-4068 (i)* 


8447 (2) 

None 

A-6150 

8447 (i) 

A-4068 (i)* 


8547 (2) 

None (2) 

A-9260 

A-4068 (i) 

None 

None (2) 



* First recommendation for small tools. 


tion may be kept to a minimum except where such alloys are more 
drastically required in the execution of orders for defense materials. 

The American Iron and Steel Institute suggests alternate grades 
for the A.I.S.I. steels containing nickel, chromium, and vanadium. 
Three alternates are included, namely, carbon-molybdenum of the 
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40 series, manganese-molybdenum (designated as 80, 81, 82, 83, 
84, and 85 series), and nickel-chromium-molybdenum (designated 
as 86, 87, 88, and 89 series). The last grade is not applicable to 
orders without suitable priority, and so it will not be considered 
in our recommendations. 

Since subsequent decisions by the W.P.B. may change these 
views, the following alternates may be of a temporary nature. 

Although the A.I.S.I. has considered size in its recommendations, 
it was the consensus that we grade Thorough-Hardening steels for 
sizes up to 3-inch round, inclusive, and above 3-inch round or 
equivalent. This is not necessary for carburizing and semi- 
Thorough-Hardening grades. 

These recommendations are based solely on metallurgical con¬ 
siderations and are classified as first and second choice. Customers 
have the prerogative of specifying either grade. Where no recom¬ 
mendations are made, it is believed that no suitable substitute is 
available. 

PROPERTIES GIVEN TO STEEL BY ALLOYING ELEMENTS 

Application of elements to iron to produce steels of varying 
qualities is strikingly similar to the application of drugs in medicine. 
Each element has separate and often powerful effects, with fre¬ 
quently other effects in combination with additional elements. 
Like drugs, they may be beneficial in tiny quantities, but ruinous 
in great quantities unless neutralized or checked by supplemental 
elements. 

An understanding of the chief characteristics given to steel by 
the elements is an aid to a better selection and use of steels, espe¬ 
cially in tool use. 

Aluminum.—Deoxidizer. Restricts grain growth by forming 
dispersed nitrides and oxides. Forms hard nitrides when heated 
in contact with nitrogen, making extremely hard steel. Small 
amounts increase strength, but large amounts embrittle steel. From 
2 to 5 per cent gives heat resistance and oxidation resistance. 

Carbon.—Hardener, by forming FeaC under heat-treatment. 
Increases strength rapidly up to saturation point of 0.85 per cent, 
above which the steel becomes increasingly brittle unless there are 
other elements besides iron to take up the carbon. Forms hard 
carbides with iron, chromium, vanadium, increasing strength and 
wear resistance. Even slightest additions decrease the ductility. 

Chromium,—Forms hard carbides. Gives very deep hardening 
and great wear resistance. Small amounts toughen steel, increas¬ 
ing strength and impact resistance. Decreases machinability. 
Decreases hardening range unless balanced with nickel. Retains 
hardness at more elevated temperatures than iron carbide. Gives 
slight red hardness. 

Cobalt.—Adds red hardness. Retains hard carbides at high 
temperatures, but tends to decarburize steel in heat-treatment. 
Increases hardness and tenacity, but considerable amounts decrease 
impact resistance. Increases residual magnetism and coercive 
magnetic force of steel for magnets. 
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Coltunbitim.—Used to minimize intergranular corrosion in 
stainless steels. Has carbide-forming properties increasing strength 
and hardness, but not used generally for the purpose. Softening 
effect shortens time of annealing of high-chromium steels. 

Lead.—Forms minute strings and finely divided particles. 
Minute quantities give free machining without imparting the weak¬ 
ening effect of sulphur. 

Lithium.—Combines easily with oxygen, hydrogen, sulphur, to 
form low-melting-point compounds which pass off as gases. Power¬ 
ful deoxidizer and degasifier. Lithium treatment increases elastic 
limit of carbon s^els. Increases fluidity of stainless steels to 
produce dense castings with high yield point. 

Manganese.—Deoxidizer and desulphurizer. Even minute 
amounts increase hardness, wear resistance, and strength. Raises 
solubility of the carbon. Lowers critical point and widens harden¬ 
ing range, thus permitting a less drastic treatment in oil. Air 
hardening begins at about 1.5 per cent. Makes steel austenitic 
at about 12 per cent. High-manganese steel work hardens and is 
nonmagnetic. Increases coefficient of expansion. Small amounts 
increase depth of hardening and speed of hardening. Decreases 
tendency to distort under heat-treatment. Intermediate amounts 
produce brittleness unless other elements are present. 

Molybdenum.—Adds red hardness. Increases strength and 
impact resistance at high temperatures, but hardens and embrittles 
at low temperatures. Retards grain growth. Gives deep harden¬ 
ing and widens hardening range. Increases creep resistance and 
resistance to deformation at moderate temperatures. Goes into 
solid solution, but when other elements are present forms hard 
carbides. In aluminum steels small amounts reduce temper 
brittleness. Increases machinability of carbon steels. Increases 
corrosion resistance of stainless steels at high temperature. 

Nickel.—Increases hardness, strength, ductility, and impact 
resistance. Narrows hardening range, but lowers critical point, 
reducing danger of warpage and cracking. Refines structure. 
Retards grain growth. Decreases machinability. Makes chro¬ 
mium steels austenitic. Balances the intensive deep-hardening 
effect of chromium. Large amounts give resistance to oxidation at 
high temperatures. 

Nitrogen.—Normally undesirable. Hardens slightly and reduces 
ductility. Small amounts refine grain and increase strength of 
high-chromium steels. Forms hard nitrides with aluminum and, 
introduced externally into balanced aluminum-bearing steels, 
inhibits grain growth at high temperatures. 

Phosphorus.—Promotes cold-shortness. Small amounts increase 
strength slightly and increase resistance to corrosion. Slight 
amounts decrease tendency of steel sheets to stick together. 

Silicon.—Deoxidizer. Graphitizer. Throws carbon out of 
solution. Small amounts increase impact resistance, and up to 
1.75 per cent increases elastic limit, but needs assistance of other 
carbide-forming elements. Strengthens low-alloy steels. Medium 
amounts increase magnetic permeability and decrease hysteresis 
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loss. Forms hard iron silicides, and large amounts give great hard¬ 
ness, wear resistance, and acid resistance, but cause brittleness. 
Has wide range of utility if used with expert technique, especially 
in alloy steels. 

Sulphur. —Forms soft and weak sulphides which weaken the steel 
and promote hot-shortness. Minute quantities advantageous to 
aid machinability. 

Tantalum. —Used in some special steels to give increased resist¬ 
ance to scaling at high temperatures. 

Tellurium. —Small amounts form sulphide which aids machining 
without making the steel hot short. 

Titanium. —Deoxidizes and denitrogenizes. Increases strength 
and hardness. Fixes carbon in inert particles. Minimizes inter¬ 
granular corrosion in high-chromium steels. 

Tungsten.—Adds red hardness and stability of the hard carbides 
at high heats. Widens hardening range, and gives deep hardening. 
Increases strength and wear resistance. Small quantities produce 
fine grain structure, but large quantities embrittle the steel. Pro¬ 
duces both a hard carbide and an iron tungstide. Large qualities, 
to produce full red hardness, must be supplemented by other 
carbide-forming elements. Forms hard abrasive-resistant particles 
in high-carbon steels. Adds acid resistance and corrosion resist¬ 
ance. Gives increased residual magnetism and greater coercive 
force in steel for magnets. 

Uranium* —Increases elastic limit and strength of steels. Is 
powerful deoxidizer and denitrogenizer. Has carbide-forming 
qualities. Because of expense used only in some tool steels. 

Vanadium. —Powerful deoxidizer. Toughens and strengthens 
steels. Forms hard carbides. Refines the grain. Widens hard¬ 
ening range. Retains hardness at higher temperatures than carbon 
steel. Reduces grain growth. Increases fatigue resistance and 
shock resistance. Forms double carbides with chromium, giving 
hard keen-edge” quality to steel. 

Zirconium. —Powerful deoxidizer and desulphurizer. Steels can 
be made without manganese by use of zirconium. Carries off 
nitrogen. Makes uniformity of grain and produces ductility and 
shock resistance. Small amounts of residual zirconium form 
zirconium sulphide which aids machinability and rolling. Reduces 
aging fatigue in steel. 

SCRAP RATIO IN METAL PRODUCTION 

The part scrap plays in production is not generally realized. 
Figures for 1941 show the importance of scrap. Steel production 
for that year of 82,500,000 net tons of ingots required the use of 
44,600,000 net tons of scrap. An additional 17,000,000 tons of 
iron and steel scrap was consumed by iron foundries and blast 
furnaces in making pig iron and other iron products. Thus a total 
of about 61,000,000 tons, or about half of the raw material required 
to make steel and iron products for the year, was iron and steel 
scrap. Of this total 27,000,000 tons (or 44 per cent) was “pur- 
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chased’* scrap produced outside the steel industry itself and col¬ 
lected from general public sources. 

Table 4 shows roughly the importance of scrap in 1941 to the 
total production of other critical metals and rubber. The alumi¬ 
num figure includes scrap recovered within the producing plant. 


Table 4.—Importance of Scrap 


Material 

f 

Total 1941 
New Supply, 
in Tons 

Total Scrap 
in 1941 New 
Supply, 
in Tons 

Ratio of 
Scrap to 
Total, 

Per Cent 

Aluminum. 

416,000 

94,000 

23 

Antimony. 

47,600 

21,600 

46 

Copper—refined. 

2,117,500 

360,000 

17 

Lead (including antimonial 
lead). 

1,090,019 

213,674 

20 

Nickel. 

101,850 

11,550 

II 

Tin. 

178,528 

20,160 

65,400 

11 

Zinc. 

923,300 

7 

Rubber. 

1,441,000 

310,000 

21 


W.P.B, Report, July 13, 1942. 


MACHINING STAINLESS STEEL 

Since stainless steel is used in much war material its peculiarities 
should be understood. The general practice recommended by 
W. B. Brooks, formerly with the Carnegie-Illinois Steel Company, 
is summed up in the following: “Use liberal cutting rake and clear¬ 
ance. Use sulphur and sulphur chlorine cutting fluids liberally. 
Use first-quality high-speed tools. Support the tools rigidly. 
Keep the tools sharp and smooth; hone after grinding. Use a 
generous feed and cut below the work-hardened surface left by 
the preceding cut. Use rigid equipment with plenty of power for 
continuous cutting. Use cutting speeds 20 to 50 per cent lower 
than for machine steels.” 












SECTION II 
SCREW THREADS 
ACME THREADS 

Gages for Acme Threads.—Both “go” and “not go” gages, 
representing the extreme product limits, are necessary for the 
proper inspection of Acme screw threads. 


Table i.—Tolerances for “Go” and ‘‘Not Go” Thread 
Gages, Acme Threads 


Threads 

per 

Inch 

Tolerance on 
Thread Thick¬ 
ness at Basic 
Pitch Line 

Toler¬ 

ance 

in 

Lead 

Tolerance on 
Half Angle 
of Thread 

Tolerance on | 
Major 
Diameter 

Tolerance on 
Minor 
Diameter 

From 

To 

From 

To 

From 

To 


2 

3 

4 

S 

6 

7 

8 

9 

I 

Inches 

Inches 

Inches 

± 

Deg. 

± 

Min. 

± 

Inches 

Inches 

Inches 

Inches 

16 

0.0000 

0.0002 

0.000s 

0 

10 

0.0000 

0.0003 

0.0000 

0.0003 

14 

0.0000 

0.0002 

0.0005 

0 

10 

0.0000 

0.0004 

0.0000 

0.0004 

12 

0.0000 

0.0002 

0.0005 

0 

10 

0.0000 

0.0004 

0.0000 

0.0004 

10 

0.0000 

0.0002 

0.0005 

0 

10 

0.0000 

0.0005 

0.0000 

0.0005 

9 

0.0000 

0.0003 

0.0005 

0 

10 

0.0000 

0.0005 

0,0000 

1 

o.ooos 

8 

0.0000 

0.0003 

0.0005 

0 

5 

0.0000 

0.0006 

0.0000 

0.0006 

7 

0.0000 

0.0003 

0.0005 

0 

5 

0.0000 

0.0007 

0.0000 

0.0007 

6 

0.0000 

0.0003 

0.0005 

0 

5 

0,0000 

0.0008 

0.0000 

0.0008 

S 

0.0000 

0.0004 

0 .0005 

0 

5 

0.0000 

0.0010 

0.0000 

0.0010 

4 

0.0000 

0.0004 

0.0005 

0 

5 

0.0000 

0.0010 

0.0000 

0.0010 

3 i 

0.0000 

0.0004 

0.0005 

0 

5 

0.0000 

0.0010 

0.0000 

0.0010 

3 

0.0000 

0.000s 

0.0005 

0 

5 

0.0000 

0.0010 

0.0000 

0.0010 


0.0000 

0.000s 

0.0005 

0 

5 

0.0000 

0.0010 

0.0000 

0.0010 

2 

0.0000 

0.0006 

0.0005 

0 

5 

0.0000 

0.0010 

0,0000 

0.0010 

Ij 

0.0000 

0.0006 

0 .0005 

0 

5 

0.0000 

0.0010 

0.0000 

0.0010 

li 

0.0000 

0,0007 

0.0003 

0 

S 

0.0000 

0.0010 

0.0000 

0.0010 

1 

0.0000 

0.0008 

0.0005 

0 

5 

0.0000 

O.OOIO 

0.0000 

0.0010 


Table i is given here for the purpose of establishing definite 
limits for gages used in the inspection of Acme threads, rather 
than for the purpose of specifying the gages required for the various 
inspection operations. The dimensions of gages should be in 
accordance with the principles (i) that the “go” gage should check 

1340 
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simultaneously as many elements as possible and a “not go” gage 
can effectively check but one element; and (2), that permissible 
variations in the gages be within the extreme product limits. 

I. Tolerances on Lead .—The tolerances on lead given in Table i 
are specified as an allowable variation between any two threads 
not farther apart than 12 inches. 



of^hread,i-l 

z 


Fig, I. —Acme thread dimensions. 


2. Tolerances on Angle of Thread .—The tolerances on angle of 
thread, as specified in Table i for the various pitches, are toler¬ 
ances on one-half of the included angle. This ensures that^ the 
bisector of the included angle will be perpendicular to the axis of 
the thread within proper limits. The equivalent deviation from 
the true thread form caused by such irregularities as convex or 
concave sides of thread, or slight projections on the thread form, 
should not exceed the tolerances permitted on angle of thread. 
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TRANSLATING THREAD STANDARDS 

American Standard ASA Bt.3-i94i on Acme and other trans¬ 
lating threads was designated as an American Standard in Sep¬ 
tember, 1941. 

Table 2.—General-Purpose Acme Thread—Screws 
Detail Dimensions and Tolerances for Recommended Diameter 
and Pitch Combinations 
(Dimensions in Inches) 


Size j 

Threads* 
per Inch 

Major 

Diameter 

1 

Pitch 

Diameter 

Minor 

Diameter 

Pitch § 
Diam¬ 
eter 

Helix 

Angle 

Max. 

(Basic) 

D 

Min.t 

Max. 

(Basic) 

E 

i 

Min. 

Max.t 

Min.t 

ance in 
Terms 
of 

Thread 

Thick¬ 

ness 

Varia¬ 

tion 

Deg. 

Min. 

\ 

16 

0 . 2 S 00 

0.2469 

0.2187 

0.2087 

O.I 77 S 

0.1744 

0.0026 

5 

12 

A 

14 

0.312s 

0.3089 

0.2768 

0.2668 

0.2311 

0.2275 

0.0026 

4 

42 

i 

12 

0.3750 

0.3708 

0.3333 

0.3233 

0.2816 

0.2774 

0.0026 

4 

33 

A 

12 

0.4375 

0.4333 

0.3958 

0.3858 

0.3441 

0 .3399 

0.0026 

3 

50 

i 

10 

0.5000 

0,4950 

0.4500 

0.4400 

0.3800 

0.3750 

0.0026 

4 

3 

I 

8 

0.6250 

0.6187 

0.5625 

0.5495 

0.4800 

0.4737 

0.0034 

4 

3 


6 

0.7500 

0.7417 

0.6667 

0.6537 

0.5633 

0.5550 

0.0034 

4 

33 

i 

6 

0.8750 

0.8667 

0.7917 

0.7757 

0.6883 

0.6800 

0.0041 

3 

SO 

I 

S 

I.0000 

0.9900 

0.9000 

0.8840 

0.7800 

0.7700 

0.0041 

4 

3 


S 

I.1250 

I.1150 

1.0250 

1.0060 

0.9050 

0.8950 

0.0049 

3 

33 

! 

S 

I.2500 

I.2400 

I.1500 

I,1310 

1.0300 

1.0200 

0.0049 

3 

10 

It 

4 

1.3750 

1.3625 

I.2500 

1.2280 

I.1050 

1.0925 

0.0057 

3 

39 


4 

I.5000 

1.4875 

1.3750 

1.3530 

I.2300 

1.2175 

0.0057 

3 

19 

11 

4 

I.7500 

1.7375 

1.6250 

I.6000 

1.4800 

1.4675 

0.006s 

2 

48 

2 

4 

2.0000 

1.9875 

1.8750 

I.8470 

1.7300 

I.7175 

0.0072 

2 

26 

2i 

3 

2.2500 

2.2333 

2.0833 

2.0523 

I.8967 

I.8800 

0.0080 

2 

55 


3 

2.5000 

2.4833 

2.3333 

2.2993 

2.1467 

2.1300 

0.0088 

2 

43 

2} 

3 

2.7500 

2.7333 

2.5833 

2.5463 

2.3967 

2.3800 

0.0096 

2 

21 

3 

2 

3.0000 

2.9750 

2.7500 

2.7100 

2.4800 

2.4550 

0.0103 

3 

19 

4 

2 

4.0000 

3-9750 

3 .7500 

3.7070 

3.4800 

3 .4550 

O.OIII 

2 

26 

S 

2 

5.0000 

4-9750 

4.7500 

4.7070 

4.4800 

4-4550 

O.OIII 

I 

55 


* The selection of threads per inch is arbitrary and is intended for the 
purpose of establishing a standard. 

t These dimensions result in tolerances on major and minor diameters 
equal to 0.05^. 

X Maximum minor diameter of a screw of a given pitch is such as to result 
in a flat at the root equal in inches to o.3707/> — (0.52 X clearance) when 
the pitch diameter of the screw is at its maximum value. 

§ The length of gage should be equal to the length of engagement which in 
this case is one and one-half diameters. 

This standard covers the design and dimensions of Acme and 
similar single screw threads intended primarily for translating 
screws. The designs included have been chosen with the dual 
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purpose of meeting varied needs of the users to the greatest possible 
extent and at the same time establishing a product capable of 
economical production. The diameters and pitches have been 
selected with a view to meeting the present needs with the fewest 
number of items in order to reduce to a minimum the inventory of 
both tools and gages. The tolerances are such as to produce 
complete interchangeability and maintain a high grade of product. 

Four series of translating screw threads are included in this 
standard—the general-purpose Acme, the 29-degree stub, the 
60-degree stub, and a modified square thread. These screw thread 
series are intendeds to cover such applications as lathe dogs and 
clamps, track drills, steel bench vises, machine-tool vises, drill-press 
vises, lifting jacks, steel hand clamps, valve stems, cross-feed 
screws for lathes, letter-copy presses, and elevating screws on 
machine tools and other machines. 

The subject of Acme and kindred threads embraces a wide field, 
and it is not possible to combine in a single standard all the variables 
of all the uses. The following applications are recognized as 
common usages, but each has special features that prevent inclusion 
in a general-purpose standard: 

1. Feed and lead screws where backlash or end shake are objec¬ 
tionable. In such applications the nut is tapped first and then 
the screw is threaded to fit. The screw and nut so made are kept 
as a pair. 

2. Long lead screws where sagging causes threads to seize. In 
such applications the major-diameter clearance is reduced so that 
bearing takes place at the major diameter before seizing can occur. 

3. Assemblies where the thread must maintain some degree of 
alignment as well as transmit motion. In these applications a 
reduced major-diameter clearance is the most effective and eco¬ 
nomical means of obtaining satisfactory assemblies. 

4. There is a considerable demand in mechanical industries for 
threaded assemblies that provide faster advance per revolution 
and give greater wear surface. The threaded forms covered by 
this specification are used frequently, incorporating changes in 
details to meet particular requirements. It is recommended that 
no coarser thread for a given diameter than those listed be used 
but instead that a multiple thread giving the desired lead be 
adopted. Many applications in the valve industry are typical. 
Where it is necessary to use multiple threads, the form of single 
thread corresponding to “crests per inch’^ of the multiple thread 
should be used. 

In the Acme general-purpose thread the angle between the 
sides of the thread is 29 degrees. The threads are truncated top 
and bottom, give a basic depth and thickness of 0.50 of the pitch, 
and are symmetrical about a line perpendicular to the axis of the 
screw. This series should be used for all Acme thread applications 
except in special cases where design or operating considerations 
are such that the 29-degree stub, the 60-degree stub, or some other 
inodified thread can be employed to better advantage. Basic 
dimensions of the Acme general-purpose thread are given in Table 
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31, page 48, “American Machinists’ Handbook.” Detailed dimen¬ 
sions and tolerances for recommended pitches for diameters from 
i to 5 in. are given in Tables 2 and 3. 

Table 3.—General-Purpose Acme Thread—Nuts 
Detail Dimensions and Tolerances for Recommended Diameter 
and Pitch Combinations 
(Dimensions in Inches) 


Size 

Threads* 
per Inch 

Major 

Diam¬ 

eter 

Pitch 

Diameter 

Minor 

Diameter 

Pitch t 
Diameter 
Tolerance 
in Terms 
of Thread 
Thickness 
Variation 

Helix 

Angle 

Min. 

Max. 

Min. 

Max.t 

Min. 

(Basic) 

K 

Deg. 

Min. 

1 

i 

16 ' 

0.2600 

0.2337 

0.2237 

0.1906 

0.187s 

0.0026 

5 

12 

i 


14 

0.322s 

0.2918 

0.2818 

0.2447 

0.2411 

0.0026 

4 

42 

i 

f 

12 

0.3850 

0.3483 

0.3383 

0.2959 

0.2917 

0,0026 

4 

33 



12 

0.447s 

0.4108 

0.4008 

0.3584 

0.3542 

0.0026 

3 

SO 

] 

\ 

10 

0.5200 

0.4650 

0.4SS0 

0.4050 

0.4000 

0.0026 

4 

3 

1 


8 

0.6450 

0.5805 

0.567s 

0.5063 

0.5000 

0.0034 

4 

3 



6 

0,7700 

0.6847 

0.6717 

0.5917 

0.5833 

0.0034 

4 

33 

\ 


6 

0.8959 

0.8127 

0.7967 

0.7167 

0.7083 

0.0041 

3 

SO 

I 


s 

0.0200 

0,9201 

0.9050 

0.8100 

0.8000 

0.0041 

4 

3 


S 

1.1450 

I.0490 

I.0300 

0.9350 

0.9250 

0.0049 

3 

33 

zj 


S 

1.2700 

I.1740 

I .1550 

I.0600 

I .0500 

0.0049 

3 

10 



4 

I. 39 S 0 

1,2770 

1.2550 

I .1375 

1.1250 

0 . 00 S 7 

3 

39 

I 


4 

1.5200 

1.4020 

1.3800 

I.2625 

1.2500 

0.0057 

3 

19 

l\ 


4 

I.7700 

1.6500 

1.6300 

1.5125 

1.5000 

0.0065 

2 

48 

2 


4 , 

2.0200 

1.9080 

I.8800 

1.7625 

1.7500 

0.0072 

2 

26 

2 \ 


3 

2.2700 

2.1213 

2.0903 

1.9334 

1.9167 

0.0080 

2 

55 

2] 


3 

2.5200 

2.3743 

2.3403 

2,1834 

2.1667 

0,0088 

2 

43 

2] 


3 1 

2.7700 

2.6273 

2.5903 

2.4334 

2.4167 

0.0096 

2 

21 

3 


2 

3.0200 

2.8000 

2.7600 

2.5250 

2.5000 

0.0103 

3 

19 

4 


2 

4.0200 

3.8030 

3•7600 

3.5250 

3-5000 

O.OIII 

2 . 

26 

5 


2 

5.0200 

4.8030 

4.7600 

4-5250 

4.5000 

O.OIII 

I 

55 


* The selection of threads per inch is arbitrary and is intended for the 
purpose of establishing a standard, 

t These dimensions result in tolerances on the minor diameter equal to 


X The len^h of gage should be equal to the length of engagement, which 
in tlus case is one and one-half diameters. 

STUB THREADS 

29-Degree Stub Threads.—The angle between the sides of the 
thread is 29 degrees as in the case of the general-purpose Acme 
thread; the threads are truncated top and bottom, but the basic 
depth of thread is reduced to 0.30 of the pitch. The basic thread 
thickness is one-half the pitch as before, and the threads are sym¬ 
metrical about a line perpendicular to the axis of the screw. This 
produces a very strong thread, section, and in addition a thread 
admirably suited to applications where space limitations or other 
economic considerations make a shallow thread desirable. Basic 
dimensions of the 29-degree stub thread are given in Table 4, 
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Fig. 2.—29-degree stub threads. 


Table 4.—Basic Dimensions of 29-Degree Stub Threads . 
(Dimensions in Inches) 


Threads 
per Inch 

Pitch, p 

Depth of 
Thread 
(Basic), 
h = 0.3P 

Total* 
Depth of 
Thread 

Thread 

Thickness 

(Basic), 

/ = 0.5P 

Width ol 

Crest of 
Screw 
(Basic), 

F = 
0.4224j> 

f Plat at 

Root of 
Screw, Fe 
» 0.4224/7 
- (0.52 X 
Clear¬ 
ance) 

I 

2 

3 

4 

S 

6 

7 

r6 

0.06250 

0.0188 

0.0238 

0.0313 

0.0264 

0.0238 

14 

0.07143 

0.0214 

0.0264 

0-0357 

0.0302 

0.0276 

12 

0-08333 

0.0250 

0.0300 

0.0417 

0.0352 

0.0326 

10 

0.10000 

0.0300 

0.0400 

0.0500 

0.0422 

0.0370 

9 

O.IIIII 

00333 

0.0433 

0.0556 

0.0469 

0.0417 

8 

0.12500 

0.0375 

0.0475 ' 

0.0625 

‘0.0528 

0.0476 

7 

0.14286 

0.0429 

0.0529 

0.0714 

0.0603 

00551 

6 

0.16667 

0.0500 

0.0600 

0.0833 

0.0704 

0.0652 

5 

0.20000 

0.0600 

0.0700 

0.1000 

0.0845 

0,0793 

4 

0.25000 

0.0750 

0.0850 

0.1250 

0.1056 1 

1 

0.1004 

si 

0.28571 

0.0857 

0.0957 

0.1429 

0.1207 

O.I155 

3 , 

0-33333 

0.1000 

0.IIOO 

0.1667 

0.1408 

0.1356 

2i 

0.40000 

0.1200 

0.1300 

0.2000 

0.1690 

0.1638 

2 

0.50000 

0,1500 

0.1600 

0.2500 

0.2tl.2 

0.2060 


* A clearance of at least 0.010 inch is added to A on threads of 10-pitch and 
coarter, and 0.005 inch on finer pitches, to produce extra depth, thus avoiding 
interference with threads of mating part at minor or major diameters. It is 
recognized that there are conditions under which a greater or less clearance 
may be desirable. 
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6o-Degree Stub Threads.—^The angle between the sides of the 
thread is 6o degrees. The threads are truncated top and bottom, 
have a basic depth of 0.433 the pitch, a basic thickness of one- 



Fig. 3.—60-degree stub thread. 


half the pitch, and are symmetrical about a line perpendicular to 
the axis of the screw. Basic dimensions of the 60-degree stub 
thread are given in Table 5. 


Table 5.—Basic Dimensions of 6o-Degree Stub Threads 
(Dimensions in Inches) 


Threads 
per Inch 

Pitch, 

P 

Depth of 
Thread 
(Basic), 
h = 
o. 433 f> 

Total* 
Depth of 
Thread, 
(A + 

0 . 02 p) 

Thread 
Thickness 
(Basic), 
t =« o.sP 

Width of Plat at 

Crest of Root of 
Screw Screw 

F = Fc = 

0.250P 0 . 227 P 

I 

2 

3 

4 

S 

6 

7 

16 

0.06250 

0.0271 

0.0283 

0.0313 

0.0156 

0.0142 

14 

0.07143 

0.0309 

0.0324 

0.0357 

0.0179 

0.0162 

12 

O-08333 

0.0361 

0.0378 

0.0417 

6.0208 

0.0189 

10 

0.10000 

00433 

0.0453 

0.0500 

0.0250 

0.0227 

9 1 

0. mil 

0.0481 

0.0503 

0.0556 

0.0278 

0.0252 

8 

0.12500 

0.0541 

0.0566 

0.0625 

0.0313 

0.0284 

7 

0.14286 

0.0619 

0.0647 

0.0714 

0.0357 

0.0324 

6 

0.16667 

0.0722 

0.0755 

0.0833 

0.0417 

0.0378 

S 

0.20000 

0.0866 

0.0906 

0.1000 

0.0500 

0.0454 

4 

0.25000 

0.1083 

O.II33 

0.1250 

0.0625 

0.0567 


♦ A clearance of at least Q.oip is added to h to produce extra depth, thus 
avoiding interference with threads of mating part at minor or major 
diameters. 


MODIFIED SQUARE THREADS 
The angle between the sides of the thread is 10 degrees. The 
threads are truncated top and bottom, have a basic depth of 0.50 
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of the pitch, a basic thread thickness of 0.50 of the pitch, and are 
symmetrical about a line perpendicular to the axis of the screw. 
The angle of 10 degrees results in a thread that is the equivalent 
of a “square thread’* insofar as all practical considerations are 
concerned and yet capable of economical production. This thread 
form is illustrated in Fig. 4. 


f Clearance fsee note) 


NUT 




a456Jpb 


-P- 

2 


Y 


2 i_ 


SCREW 


I—-Fc-^ 
Clearance (see nole) 


^ pilch 

olio wancQ * 


Fig. 4.—lo-degree square thread. 


Multiple-thread milling cutters and ground thread taps should 
not be specified for modified square threads of steep helix angle 
without consulting the cutting-tool manufacturer. 

AMERICAN NATIONAL STANDARD GAS-CYLINDER 
THREADS 

Gas-Cylinder Valve-Outlet Threads.—Standard sizes of threads 
for gas-cylinder valve outlets of various types are presented in 
Table 6. The purpose of these standards is to prevent cross con¬ 
nections of equipment used with a given type of valve with another 
type where such connection may be dangerous or undesirable, as 
well as to promote interchangeability among threads of a given 
type of valve. 

Hose Connections for Welding and Cutting Torches.—Specifi¬ 
cations covering hose connections for welding and cutting torches 
were formulated and adapted in 1925 by the International Acety¬ 
lene Association, the Gas Products Association, and various manu¬ 
facturers. Essentially the same specifications were adopted by 
the National Screw Thread Commission in 1926. 

Revised specifications for these connections were adopted by the 
International Acetylene Association, Mar. 9, 1939. These revised 
specifications were adopted by the Interdepartmental Screw Thread 
Committee and are presented below. 

Dimensions essential to the interchangeability of parts have been 
standardized. Other dimensions and details of design are optional, 
so that manufacturers may use their own judgment and follow 
their usual practice as much as possible. Four sizes of connections 
are specified, as illustrated in Table 7. 
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Table 7.—American National Standard Hose Connections for Welding and Cutting Torches, Detail 
Dimensions for Classes A, C, and D. — Continued 
(Dimensions in Inches) 
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Standard Dimensions. —i. Screw threads corresponding to 
Class 3 of the American National fine-thread series are specified. 
Right-hand threads are specified for oxygen and left-hand threads for 
fuel gas. 

2. Angle and outside diameter of internal seat. 

3. Radius and distance of radius center of external seat from 
shank shoulder. 

4. Diameter of shank shoulder. 

5. Diameter of hole in nut. 

6. Large diameter of hose shank. 

7. Fuel gas nuts t^ be designated by annular groove around nuts, 
cutting corners. 

Optional Features. —i. Material of strength equal to or greater 
than that of free-turning high brass. 

2. Diameter of hole through external fitting and gland. 

3. Form of end of shank, except seating section as dimensioned. 

4. Length of hose shank. 

5. Type and number of serrations on hose shank. 

6. A second shoulder equal to the large diameter of the largest 
shank to extend through the hole in the nut for appearance, to be 
used or omitted for smaller diameter shanks. 

7. Length and location of hexagon wrench section on nut. 

AMERICAN NATIONAL ROLLED THREADS FOR SCREW 
SHELLS OF ELECTRIC SOCKETS AND LAMP BASES 

The specifications given here for American National rolled 
threads for screw shells of electric sockets and lamp bases, with the 
exception of the more recently adopted intermediate size, were 
originally published in Bulletin 1474 of the American Society of 
Mechanical Engineers entitled Rolled Threads for Screw Shells of 
Electric Sockets and Lamp Bases, which was a report of the 
A.S.M.E. Committee on Standardization of Special Threads for 
Fixtures and Fittings. 


Table 8.—American National Rolled Threads for Lamp- 
Base Screw Shells 
(Dimensions in Inches) 


Size 

Threads 

per 

Inch 

1 

Pitch 

Depth 
of ! 
Thread 

Ra¬ 

dius 

Major 

Diameter 

Minor 

Diameter 

Max. 

Min. 

Max. 

Min. 

X 

2 

3 

4 

5 

6 

7 

8 , 

9 

Miniature. . . 

14 

0.07143 

0.020 

0.0210 

0.375 

0.370 

0.335 

0.330 

Candelabra.. 

10 

0.10000 

[ 0.025 

0.0312 

0.46s 

0.460 

0.4IS 

0.410 

Intermediate. 

9 

0.iiiii 

0.027 

0.0353 

0.651 

0.64s 

0.597 

0.S9I 

Medium. 

7 

0.14286 

0.033 

0.0470 

1.037 

X.031 

0.971 

0.96s 

Mogul. 

4 

6.25000 

0.050 

0.0906 

1 .555 

1.545 

1 .455 

1 .455 
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Fonn of Thread.—The thread form is composed of two circular 
segments tangent to each other and of equal radii, as shown in 
Fig. 5 . 


Denih of 


Socket Screw Shell 



III I 

5 Mg 

.c: i< 


^ b ^ 

• 5 .§ .13 

S' ^ S' S' 
E S E 6 

.. V ^ 


llll III! 


I 

Fig. 5.—Thread for electric sockets. 


Thread Series.—The sizes for which standard dimensions and 
tolerances have been adopted are designated as follows: ‘‘ Miniature, 
candelabra, intermediate, medium, and mogul.” 

The threads per inch, radii of thread form, and diameter limits 
for these sizes of lamp-base screw shells, which are used on lamp 
bases, fuse plugs, attachment plugs, and similar devices, are given 
in Table 8. 

The correspondihg dimensions and limits for socket screw shells, 
which are used in electric sockets, receptacles, and similar devices, 
are given in Table 9. 

THE AERO SCREW-THREAD SYSTEM 

The Aero fcrew thread has been developed to meet problems of 
securing threaded parts in aluminum and magnesium to withstand 
the stresses imposed by studs and bolts in aircraft enrines and 
simOar installalions without failure of the softer metals. The system 
uses a closely wound bronze or steel coil spring insert that screws 
in the sqft metal and receives the steel stud or bolt. 
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Table 9.—American National Rolled Threads for Socket 
Screw Shells 
(Dimensions in Inches) 


Size 

Threads 

per 

Inch 

Pitch 

De^th 

Thread 

Ra¬ 

dius 

Major 

Diameter 

Minor 

Diameter 

Max. 

Min. 

Max. 

Min. 

I 

2 

3 

4 

S 

6 

7 

8 

9 

Miniature. . . 

14 

0.07143 

Q. 020 

0.0210 

0.383s 

0.3775 

0.343s 

0.3375 

Candelabra. . 

10 

0.10000 

0.025 

0.0312 

0.476 

0.470 

0.426 

Q.4-80 

Intermediate. 

9 

0. mil 

0.027 

0.0353 

0.664 

0.657 

0.010 

0.603 

Medium. 

7 

0.14286 

0.033 

0.0470 

1.053 

1.04s 

0.987 

0.979 

Mogul. 

4 

0.25000 

0.050 

0.0906 

I .577 

1.565 

1.477 

1.46s 


It involves the use of a special tap for threading the soft metal 
to receive the insert and a special form of thread on the bolt or 
stud. The forms of these threads are shown in Figs. 6 and 7. 
The thread that receives the insert approximates the standard 



Fig. 6 .—Aero screw thread and capscrew. 

American form. Details of the tapped holes and the bolts are 
given in Table 10. The term V.A.T. refers to “V Aero-Thread.’^ 

The first section of Table 10 refers to the bolt or stud, which 
has a special rounded form of thread. The second section gives 
dimensions of the holes tapped in the soft metal and the last section 
gives dimensions of the tapped hole with the insert in place. This 
gives the number of the insert to be used and the root diameter of 
the thread formed by the insert. It will be noted that the root 
diameter of the insert is somewhat larger than the root diameter of 
the standard American nut, because of the difference in thread 
form. 

Tables ii to 13 explain themselves. 

Details of the thread in the soft metal of the insert and the 
thread form of the bolt, are shown in Fig. 4. The data on the 
different dimensions are also given. 
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Boss or Nu+ 
■'-P/f-ch-p . 



/Maximum fap 
/ c/ia.-‘J\ 

” I p / Minimum iap 

U-'Basic major dia. 
of insert 
Thread form diarO 




Pitch dia.- E 

Basic screw dia- D 

Root dia. of aero 
thread 

Fig. 7.—Form of Aero screw thread. 


Screw or Stud 


Description Symbol 

Designation for external screw form used on screw, stud, 

or bolt, and for internal screw form produced by insert Aero- 

assembled in tapped hole. Thread 

Aero-Thread size is specified by nominal screw size 
D and by number of threads per inch n. 

Designation of tapped hole V thread into which Aero- 

Thread insert is assembled. V.A.T. 

V.A.T. thread size is specified by screw size D and 
threads per inch n of screw used in insert assem¬ 
bled in tapped hole. 

Nominal screw size: major diameter of screw and minor 
diameter of tapped hole. D 

Pitch diameter of tapped hole. E 

(t) E = D + o.^p 

Root diameter of screw and root diameter of insert 
assembled in tapped hole (minor diameter of Aero- 
Thread). K 

(2) K — D — o. 6 p = E — p 

Major diameter of insert assembled in tapped hole. S 

(3) 5 = D -f i.o49S/> 

Major diameter of tap. T 


(4), Ii maximum ^flat at tip ~ 

/a == D -f- 1.194^ 

(s) Tt minimum (radius at tip =» o.oyip) 

Fa = 1? -f- i.i 22 p 

t>iweter of thread form circle of Aero-Thread. G 

(6) G = 0.75^ 
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Description Symbol 

Number of threads per inch. n 

Thread pitch. p 

( 7 ) 

Depth of engagement of insert in tapped hole. j 

(8) j = O.S 25 P 

Depth of thread engagement, insert in screw. h 

(9) € 


Use Class 3 fit for bolt and nut, capscrew, setscrew applica¬ 
tions; Class 5 fit for all stud applications. 

The depth of thread of the V.A.T. tapped Aero-Thread form 
must provide a full tapped thread depth within the limits to be 
specified. The Aero-Thread V.A.T. finishing tap and single¬ 
operation taps are designed to guide on the minor diameter to 
ensure its concentricity with the pitch diameter of the tapped 
thread. 

Recommended Practice for Tapping.—In soft metals drill 0.000 
to 0.015 inch undersize, in which case the minimum diameter of 
tap will machine the minor tapped thread diameter concentric 
with the pitch diameter of the tapped thread. In hard cutting or 
abrasive materials, it is recommended that the drilled hole be 
reamed 0.002 to 0.006 inch oversize, in which case the tap will guide 
on its minor thread diameter. • 

Recommended Proportions of Aero-Thread Assembly.—The boss 
diameter B is in general the same as in the other screw systems, 
the relative dimensions depending on physical properties of the 
boss and noting screw materials as follows: 

I. Tapped hole 2. Screw 



Boss Material 

Screw Material 

Ratio of Boss 
B to Screw 
Diameter D 

Steel forgings or castings. 

Alloy steel 

Alloy steel 

Alloy steel 

1.6 to 2.0 

Aluminum alloy forgings. 

2.0 to 2.5 

Aluminum alloy castings. 

2:3 to 3.0 

2 .5 t03.s 

1.6 to 2.0 

Magnesium alloy castings. 

Alloy steel 
Aluminum alloy 
Aluminum alloy 
Aluminum alloy 

Aluminum allov forgings. 

Aluminum allov castings. 

1.8 to 2.4 

Magnesium alloy castings. 

2.0 to 2.6 
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It is good practice to have a thread length L sufficient to ensure 
that under excessive loading the screw will break at the root of the 
screw before the thread is stripped from the boss. The following 
are recommended thread engagement lengths in the boss for genersd 
screw and stud applications: 

Length of Thread 
Engagement L in 
Terms of Screw 


Material Diameter D 

Steel studs and screws in steel castings and 

forgings. i.sD 

Aluminum alloy screws in aluminum or mag¬ 
nesium alloy bosses. i.$D 

Steel screw or stud in light alloy materials—this 

standard generally used. 2D 

Steel screws or studs in light alloy castings when 
the screw is highly stressed and the boss material 
is expected to be weakened by high operating 
temperatures, sponginess, or material im¬ 
perfections. 2.5Z) or 3D 


Table 10.—^Aero-Thread Standard Series Class 3 Medium Fit 
(Dimensions in Inches) 


Aero-Thread Screw 


Size 

Threads 

per 

Inch 

Major Diameter 

Root Diameter 

Thread Form 



Basic 

Tolerance 

Max. 

Min. 

Max. 

Min. 

A 

34 

0.187s 

4-0.000 
— 0.003 

0.1625 

0.1607 

0.0336 

0.0313 

t 

30 

0.2500 

4-0.000 
— 0.004 

0.2200 

0.2180 

0.0400 

0.0375 

A 

. 18 

0.3I3S 

4-0.000 
— 0.004 

0.2792 

0.2760 

0.044s 

0.0417 

t 

16 

0.3750 

4-0.000 

-0.005 

0.3375 

0.33SI 

0.0499 

0.0469 

A 

14 

0.4375 

4-0.000 

-0.005 

0.3946 

0.3919 

0.0570 

0.0536 

\ 

12 

0.5000 

4-0.000 
— 0.006 

0.4500 

0.4470 

0 .066s 

0.0624 


12 

0.5625 

4-0.000 
— 0.006 

0.5135 

0.5095 

0.0665 

0.062s 

1 

10 

0.6250 

4-0.000 
— 0.006 

0.5650 

0.5618 

0.0794 

0.0750 

H 

10 

0.6875 

4-0.000 
— 0 006 

0.6275 

0.6243 

0.0794 

0.0750 

i 

9 

0.7500 

4-0.000 
— 0.006 

0.6833 

0.6796 

0.0881 

0.0833 
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Table 10.—Aero-Thread Standard Series Class 3 Medium 
Fit.— Continued 
(Dimensions in Inches) 


Size 

Threads 

per 

Inch 

V.A.T. Tapped Hole 

Major Diameter 

Pitch Diameter 

Minor Diameter 

Tap 

Drill 

Size 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

A 

24 

r 

0.2373 

0.2343 

0.2066 

0.2042 

0.1917 

0.1875 

No. II 

i 

20 

0.3098 

0.3062 

0.2726 

0.2700 

0.2550 

0.2500 

i 

A 

i8 

0.3789 

0.3749 

0.3377 

0.3347 

0.3181 

0.312s 

p 

i 

16 

0.4496 

0.4452 

0.4032 

0.4000 

0.3813 

0.3750 

f 

A 

1% 

0.5228 

0.5177 

0.4697 

0.4661 

0.4446 

0.4375 

A 


12 

0.5996 

0.5936 

0.5373 

0.5333 

0.5083 

0.5000 

f 

A 

12 

0.6621 

0.6561 

0.5998 

0.5958 

0.5708 

0.5625 

A 


10 

0.7444 

0.7372 

0.669s 

0.6650 

0.6350 

0.6250 

i 

tt 

10 

0.8069 

0.7997 

0.7320 

0.727s 

0.6975 

0.687s 

H 


9 

0.8826 

0.8746 

0.7993 

0.7944 

0.7611 

0.7500 

1 




V.A.T. Tapped Hole with Assembled Insert 

Size 

Threads 

per 

Inch 

Major Diameter 

Root Diameter 

Insert 



Basic 

Tolerance 

Max. 

Min. 

Number* 

A 

24 

0.187s 

-f 0.0042 
— 0.0000 

0.1649 

0.1625 

220-30 

i 

20 

0.2500 

+0.0050 
— O.OOOOj 

0.2226 

0.2200 

220-40 

A 

18 

0.312s 

+0.0056 
— 0.0000 

0.2822 

0.2792 

220-50 

I 

16 

0.3750 

+0.0063 
— 0.0000 

0.3407 

0.3375 

220-60 

A 

14 

0.4375 

+0.0071 
— 0.0000 

0.3982 

0.3946 

220-70 

i 

12 

0.5000 

+0.0083 
— 0.0000 

0.4540 

0.4500 

220-80 

A 

12 

0.5625 

+0.0083 
— 0.0000 

0.5165 

0.5125 

220-90 

f 

10 

0.'62S0 

+ 0.0100 
— 0.0000 

0.5695 

0.5650 

220-100 

H 

10 

0.6875 

+0.0100 
— 0.0000 

0.6320 

0.627^ 

220-xiO 

! 

9 

0.7500 

+0.0111 
— 0.0000 

0.6882 

0.6833 

220-120 


Notb: For larger sizes use eight-thread series (Table 12). 
* See Table 12 for length of insert. 





I3S8 AMERICAN MACHINISTS' HANDBOOK 


I. Tapped Hole 


2. Stud 





Notes 

D. Basic major diameter or nominal 
size 

B. Boss diameter 
L. Thread length 


Table ii.—Aero-Thread Standard Series Class 5 Stud Fit 
(Dimensions in Inches) 






Aero-Thread Screw 



Size ^ 

Threads 

per 

Inch 

Major Diameter 

Root Diameter 

Thread Form 
Diameter 


Basic 

Toler¬ 

ance 

Max. 

Min. 

Max. 

Min. 

A 

24 

0.187s 

-fo.ooo 
- 0.003 

0.1677 

0.1665 

0.0336 

0.0313 

i 

20 

0.2500 

+ 0.000 
— 0.004 

0.2255 

0.2242 

0.0400 

0.0375 

A 

18 

0.312s 

+ 0.000 
— 0.004 

0.2855 

0.2840 

0.044s 

0.0417 

* 

16 

0.3750 

+ 0.000 
— 0. 005 

0.344s 

0.3429 

0.0499 

0.0469 

A 

14 

0.4375 

+0.000 
— 0 .005 

0.4024 

0.4006 

0.0570 

0.0536 


12 

0.5000 

+ 0.000 
— 0.006 

0.4584 

0.4564 

0.066s 

0.062s 

A 

12 

0.562s 

+ 0.000 
— 0.006 

0 .S 2 II 

0.S191 

0.0665 

0.0625 

I 

10 

0.6250 

+0.000 
— 0.006 

0.5741 

0.5719 

0.0794 

0.0750 

i 

9 

0.7500 

+ 0.000 
— 0.006 

0.6926 

0.6902 

0.0881 

0.0833 


Size 

Threads 

per 

Inch 

V.A.T, Tapped Hole 

Major Diameter 

Pitch Diameter 

Minor Diameter 

Tap 

Drill 

Size 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

A 

24 

0.2373 

0.2343 

0.2066 

0.2042 

0.1917 

0.187s 

No. II 

i 

20 

0.3098 

0.3062 

0.2726 

0.2700 

0.2550 

0.2500 

i. 

A 

x8 

0.3789 

0.3749 

0.3377 

0.3347 

0.3181 

0.312s 

A 

f 

16 

0.4496 

0.4452 

0.4032 

0.4000 

0.3813 

0.3750 

I, 

A 

14 

0.5228 

0.5177 

0.4697 

0.4661 

0.4446 

0.4375 

A 

♦ 

12 

0.5996 

0.5936 

0.5373 

0.5333 

0.5083 

0.5000 

i 

A 

12 

0.6621 

0.6561 

0.5998 

0.5958 

0.5708 

0.5625 

A 

1 

10 

0.7444 

0.7372 

0;6695 

0.6650 

0.6350 

0.6250 

t 

\ 

9 

0.8826 

0.8746 

i 0.7993 

0.7944 

0.7611 

0.7500 

} 
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Table ii.—Aero-Thread Standard Series Class s Stud Fit.— 

Continued 




V.A.T. Tapped Hole with Assembled Insert 

Size 

T^hreads 
’ per 
Inch 

Major Diameter 

Root Diameter 

Insert 

Number 



Basic 

Toler¬ 

ance 

Max. 

Min. 

Len^h 
See Note 

A 

24 

< 0.187s 

1 4 - 

0 0 

0 0 

0 0 

0 K> 

0.1649 

0.1625 

220-30 

i 

20 

0.2500 

-f 0.0050 
— 0.0000 

0.2226 

0.2200 

220-40 

A 

18 

0.312s 

+0.0056 
— 0.0000 

0.2822 

0.2792 

220-50 

1 

16 

0 . 37 S 0 

•+0.0063 
— 0.0000 

0.3407 

0.3375 

220-60 

A 

14 

0.437s 

+ 0.0071 
— 0.0000 

0.3982 

0.3946 

220-70 

i 

12 

0.sooo 

+0.0083 
— 0.0000 

0.4540 

0 .4500 

220-80 

A 

12 

0,5625 

+0.0083 
— 0.0000 

0.5165 

0.5125 

220-90 

i 

10 

0.6250 

+ 0.0100 
— 0.0000 

0.5695 

0.5650 

220-100 

1 

9 

0.7500 

+O.OIH 
- 0.0000 

0.6882 

0.6833 

220-120 


Note; See Table 12 for length of insert. 

First three threads of stud to conform to Table 10. 


Table 12.—Aero-Thread Insert Standard Sizes 
To Designate Insert Material Use Symbol B for Phosphor Bronze 
or C for Stainless Steel after Insert Number 
(Dimensions in Inches) 


Size 

Threads 

per 

Inch 

Insert 

Num¬ 

ber 

Free | 
Diam¬ 
eter 

Assembled Length of Insert L 

_ 

Overall 
Depth 
of Hole 

i.Sl> 

2 D 

2.5D 

3O 

A 

24 

220-30 

0.250 

A 



ft I 

A 


i 

20 

220-40 

0.330 

f 



L 1 

i 

A + L 

A 

18 

220-50 

0,40s 

n 



n 

ft 

A +• L 

i 

16 

220-60 

0.48s 

A 




Ii 

A 4- L 

A 

14 

220-70 

0.570 

ft 



lA 

I A 

A +• L 

f 

12 

220-80 

0.64s 

1 

I 


iL 

14. 

4 +L 

A 

12 

220-90 

0,730 

ft 

I 



Ift 

1 + L 

t 

10 

220-100 

0.810 

I A 

I 


IA 

Ii, 

A +■ L 

H 

10 

220-110 

0.900 

I A 

I 


ift 

2 A 

A + L 

i 

9 

220-120 

0.990 

Ii 

!■ 


1 

34 

H 4- L 


Note: Depth of tapped hole is generally A to A longer than assembled 
ength of insert. 
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Table 13.—Aero-Thread Eight Thread Series Class 3 Medium 

Fit 

(Dimensions in Inches) 






Aero-Thread Screw 



Size 

Threads 

per 

Major Diameter 

I Root Diameter 

Thread Form 
•Diameter 


Inch 

Basic 

Toler¬ 

ance 

Max. 

Min. 

Max. 

Min. 

i 

8 

0.8750 

+0.000 
— 0.006 

0.8000 

0.7958 

0.0990 

0.0938 

I 

8 

I.0000 

+0.000 
— 0.006 

0.9250 

0.9208 

0.0990 

0.0938 

I* 

8 

I.1250 

+ 0.000 
— 0.007 

I.0500 

I .0457 

0.0990 

0.0938 

li 

8 

1.2500 

+ 0.000 
— 0.007 

1.1750 

1.1704 

0.0990 

0.0938 

i| 

8 

I .3750 

+ 0.000 
— 0.007 

1.3000 

I .2953 

0.0990 

0.0938 


8 

I.5000 

+ 0.000 
— 0.007 

1.4250 

I.4201 

0.0990 

0.0938 

li 

8 

1.6250 

+ 0.000 
— 0.007 

I .5500 

I .5449 

0.0990 

0.0938 

li 

8 

I .7500 

+ 0.000 
— 0.007 

1.6750 

1.6698 

0.0990 

0.0938 

• It 

8 

1.8750 

+ 0.000 
— 0.008 

I.8000 

I .7945 

0.0990 

0.0938 

a 

8 

2.000 

+ 0.000 
-0.007 

1.9250 

1.9194 

0.0990 

0.0938 

at 

8 

2.125 

+ 0.000 
— 0.007 

2.0500 

2.0442 

0.0990 

0.0938 

at 

8 

2.250 

+ 0.000 
— 0.008 

2.1750 

2.1689 

0.0990 

0.0938 

at 

8 

2.500 

+ 0.000 
— 0.008 

2.4250 

2.418s 

0.0990 

0.0938 

ai 

8 

a. 750 

+ 0.000 
— 0.008 

a.6750 

2.6681 

0.0990 

0.0938 

3 

8 

3.000 

+0.000 
— 0.008 

2.9250 

2.9180 

0.0990 

0,0938 

3 t 

8 

3.250 

+0.000 
— 0.008 

1 3.1750 

3.1680 

0.0990 

0.0938 

3 t 

8 

3 .500 

+0.000 
— 0.008 

3.4250 

3.4179 

0.0990 

0.0938 

3 f 

8 

3-750 

+0.000 
— 0.008 

3.6750 

3.6679 

0.0990 

0.0938 

4 

8 

4.000 

+0.000 

1 —0.008 

3.9250 

3.9178 

0.0990 

0.0938 

4 t 

8 

4.250 

+0.000 
— 0.009 

4.1750 

4.1677 

0.0990 

0.0938 

4 t 

8 

4.500 

+0.000 
- 0.009 

4.4250 

4.4177 

0.0990 

0.0938 

4 f 

8 

4-750 

+0.000 
— 0.009 

4.6750 

4.6676 

0.0990 

0.0938 

5 

8 

S.ooo 

+0.009 
— 0.009 

4.9250 

4.9176 

0.0990 

0.0938 

5 t 

8 

5.250 

+0.000 
“ 0.009 

5 .1750 

5.167s 

0.0990 

0.0938 

5 t 

8 

5.500 

+0.009 

-0.009 

S.4250 

5 .4174 

0,0990 

0.0938 

si 

8 

5.750 

+0.000 

-0.009 

5.6750 

5. 6673 

0.0990 

0.0938 

6 

8 

6.000 

+0,000 
— 0.009 

S.9250 

5 .9173 

0.0990 

0.0938 
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Table 13.—Aero-Thread Eight Thread Series Class 3 Medium 
Fit .—Continued 


V.A.T. Tapped Hole 


Size 

Threads 

per 

Inch 

Major Diameter 

Pitch Diameter 

Minor Diameter 

Tap 

Drill 

Size 

Max. 

Min. 

Max. 

Mm. 

Max. 

Min. 

i 

8 

i.oiao 

I.0000 

0.9242 

0.9188 

0.887s 

0.8750 

i 

I 

8 

I.1400 

I.1250 

1.0493 

1.0438 

I.0125 

I.0000 

I 



8 

1.2650 

1.2500 

1.1746 

I.1688 

I.1375 

I.1250 

li 


if 

8 

I.3900 

I.3750 

I.2999 

1.2938 

I.262s 

I.2500 

ij 


If 

« 

I.SISO 

I.5000 

I.4251 

1.4188 

1.387s 

I 3750 

H 

1 


8 

I.6400 

1.6250 

I.SS03 

1.5438 

I 5125 

I 5000 

I 


ll 

8 

I.7050 

I.7500 

1.6756 

1.6688 

1.6375 

1.6250 

I 


l| 

8 

I.8900 

1.8750 

I.8008 

1.7938 

1.762s 

I.7500 

I 


If 

8 

2.0150 

2 .0000 

1.9261 

I.9188 

1.887s 

1.8750 

i| 


2 

8 

2.140 

2.125 

2.0513 

2.0438 

2.0125 

2.0000 

2 


2i 

8 

2.265 

2.250 

2.176s 

2.1688 

2.1375 

2.1250 

2j 


2t 

8 

2.390 

2.375 

2.3020 

2.2938 

2.262s 

2.2500 

2] 


2 I 

8 

2.640 

2.625 

2.5525 

2.5438 

2.512s 

2.5000 

2 


2} 

8 

2.890 

2.875 

2.8030 

2.7938 

2.7625 

2.7500 

21 

i 

3 

8 

3.140 

3-125 

1 3.0531 

3.0438 

3.0125 

3.0000 

3 


3i 

8 

3-390 

3.375 

3.3031 

3.2938 

3.2625 

3.2500 

3j 

t 

3} 

8 

3.640 

3.625 

3.5532 

3.5438 

3.5125 

3.5000 

3 

\ 

3t 

8 

3.890 

3.87s 

3.8033 

3.7938 

3.7625 

3.7500 

31 


4, 

8 

4.140 

4.125 

4-0534 

4-0438 

4.012s 

4.0000 

4 


4i 

8 

4-390 

4.375 

4 3035 

4.2938 

4.2625 

4.2500 

4t 

4} 

8 

4.640 

4.625 

4.5536 

4.5438 

4.5125 

4.5000 

4 

t 

4* 

8 

4.890 

4-875 

4 - 8037 

4.7938 

4.7625 

4.7500 

4I 

i 

5 

8 

S.140 

5.12s 

5.0537 

5.0438 

5.0125 

5.0000 

5 


Si 

8 

5.390 

5-375 

5.3038 

5.2938 

5.2625 

5.2500 

5} 


s\ 

8 

5.640 

5.62s 

5.5539 

5.5438 

55125 

5.5000 

5] 

f 

S\ 

8 

5.890 

5.87s 

5.8040 

5.7938 

5.7625 

5.7500 

5l 

6 

8 

6.140 

6.125 

6.0540 

6.0/138 

6.0125 

6.0000 

6 
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Table 13.—Aero-Thread Eight Thread Series Class 3 Medium 
Fit .—Continued 



Threads 

V.A.T. Tapped Hole with Assembled Insert 

Size 

per 

Inch 

Major Diameter | 

Root Diameter 

Insert 


Basic 

Tolerance! 

Max. 

Min. 

Number* 

i 

8 

0.8750 

4-0.0125' 
— 0.0000 

0.8054 

0.8000 

220-140 

I 

8 

I.0000 

+ 0.0125 
— 0.0000 

0.9305 

0.9250 

220-160 

It 

8 

1.1250 

+0.0125 
— 0.0000 

1.0558 

1.0500 

220-180 

It 

8 

I.2500 

+ O.OI 2 S 

— 0.0000 

1.1811 

1.1750 

220-200 

If 

8 

1.3750 

+0.0125 
— 0.0000 

I.3063 

I.3000 

220-220 

It 

8 

1 . 5000 

+0.0125 
— 0.0000 

1.431S 

1.4250 

220-240 

If 

8 

1.6250 

+ 0 . 0 I 2 S 

— 0.0000 

1.5568 

l.SSOO 

220-260 

If 

8 

1.7500 

+ 0.0125 
— 0.0000 

1.6820 

1.6750 

220-280 

It 

8 

1.8750 

+0.0125 
— 0 0000 

1.8073 

1.8000 

220-300 

2 

8 

2.000 

+0.0125 
— 0.0000 

1.932s 

1.9250 

220-320 

at 

8 

2.125 

+0.0125 
— 0.0000 

2.0577 

2.0500 

220-340 

at 

8 

2.250 

+ 0 . 0 I 2 S 
— 0.0000 

2.1832 

2 .1750 

220-360 

at 

8 

2.500 

+ 0 . 0 I 2 S 
— 0.00001 

2.4337 

2.4250 

220-400 

af 

8 

2.750 

+0.0125 
— 0.0000 

2.6842 

2.6750 

220-440 

3 

8 

3.000 

+ 0 . 0 I 2 S 
— 0.0000 

2 .9343 

2.9250 

220-480 

3 i 

8 

3.250 

+0.0125 
— 0.0000 

3.1843 

3.1750 

220-520 

3 t 

8 

3 • 500 

+ 0.0125 
— 0.0000 

3 . 4344 

3.4250 

220-560 

3 i 

8 

3.750 

+0.0125 
— 0.0000 

3.684s 

3.6750 

220-600 

4 

8 

4.000 

+ 0 . 0 I 2 S 
— 0.0000 

3 .9346 

3.9250 

220-640 

4 i 

8 

4.250 

+ 0 . 0 I 2 S 
— 0.0000 

4.1847 

4.1750 

220-680 

4t 

8 

4.500 

+ 0 . 0 I 2 S 

— 0.0000 

4-4348 

4.4250 

220-720 

4i 

8 

4-750 

+ 0 . 0 I 2 S 
— 0.0000 

4.6849 

4-6750 

220-760 

S 

8 

5.000 

+0.0125 
— 0.0000 

4.9349 

4.9250 

220-800 

5t 

8 

5-250 

+ 0 . 0 I 2 S 
+ 0.0000 

5.1850 

5.1750 

220-840 

5t 

.8 

5.500 

■4-0.0125 
— 0.0000 

5-4351 

5 .4250 

220-880 

Sf . 

’ 8 

5 .750 

+ 0 0T25 

— 0.0000 

5.6852 

5.6750 

220-920 

6 

8 

6.000 

+ 0 . 0 I 2 S 
— 0.0000 

5 - 93 52 

5 9250 

220-960 


* Length of insert: x|, 2, 2L And 3 basic diameter. 





SECTION III 
DRILLING 


DEEP-HOLE DRILLING 

The drilling of rffle barrels of various diameters for guns used 
in the war has given wide experience in deep-hole drilling. One such 
drill is shown in Fig. i. This had cemented carbide drill tips that 



Fig. I. —Deep-hole drill. 


BuHweld'biend special f/ufes »Bushing 
info sfraighf flufes and polish / 



' Provide chip breaker 
on cuffing edge 

rPirsf o/ 4reamers 

{Plug holeOH holes ^ ^ Bushing 


' Back faper nof fo exceed 
00005*'in fhis lengfh 


Tods musf sfancT 5001b. 
cod an f pressure 

Fig. 2.—Drill for larger hole. 


were ground to the shape shown in the detail sketches. As will 
be seen, this is a single-lip drill, as is common in work of this kind. 
It is the first drill for a 20-mm. gun, the drill being 19 mm., or 
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0.760 inch. The drill is guided through a suitable bushing and 
the chips are washed out through the V groove by coolant at 500 
pounds pressure. 

The drilling speed was 1,040 r.p.m. or about 50 feet per minute. 
The feed was 0.001 inch per revolution. The barrel was after- 
reamed in three passes to 19.96 mm. and finally honed to 20 mm. 
The drilling and reaming coolant was 80 per cent sulphurized oil 
and 20 per cent light mineral oil. 

Another type of drill for a larger hole, 1.81 inches, is seen in 
Fig. 2. This was a flat drill of high-speed steel for i2j inches, as 
shown, butt-welded to a special section of steel rod, as shown. The 
flutes of the shank were polished to make it easier for the chips to 
be forced out with the same pressure as before, 500 pounds. 

DRILLING RIFLE BARRELS WITH CARBIDE TOOLS 

Gun drills with carbide tips and carbide wear plates around the 
periphery of the drill will give exceptionally high production rates 
because of fast permissible feeds and long life between grinds. 
Such drills, designed and manufactured at the Poughkeepsie plant 
of International Business Machines, Inc., are, according to manu¬ 
facturing engineer T. R. Skofteland, being used for drilling gun 
barrels and other gun parts made from steel up to 380 Brinell hard¬ 
ness and have run as long as /20 hours between grinds. Compared 
with high-speed steel drills, feeds have in some cases been doubled. 
The two carbide wear plates which back up the tip show negligible 
wear throughout the life of the drill, thereby maintaining its accu¬ 
racy and producing smooth holes with minimum run-out. 

Standard drills of 0.293, 0.300, 0.330, 0.494, 0.697, 0.733 and 
0.781 inch in diameter have been made to date, using the production 
sequences illustrated for the 0.293-inch size, Fig. 3. A drill of 
entirely different design, but also employing the carbide tip and 
wear plates, is used for drilling a 1.150 inch air-cylinder hole in the 
receiver body of a 20-millimeter automatic cannon. The produc¬ 
tion sequence and design of this latter drill are shown in a second 
drawing. Fig. 4. 

Seats for the carbide tip and wear plates are milled in the drills. 
Grade H-D Firthite is used for the cutting tip, while Grade T-16 
Firthite is used for the wear plates. Both the tip and wear plates 
are brazed in the slots using Hand & Harmon^s Easy-Flow No. 3 
metal. The conventional gun-drill grind is used on all sizes. It 
is important that the cutting edges be honed to a mirror finish. 

The 0.293-inch drill shown is for drilling 30 caliber rifle barrels 
24 inches long. Although an average feed of 2 inches per minute 
is used, 2i inches per minute has been maintained for lon^ runs. 
In production, this drill has been used for 20 hours without grinding. 
Drilling is 'done in W. F. & John Barnes six-spindle vertical 
machines, the spindles running at 2,800 r.p.m. Each machine 
turns out one 30 caliber barrel every 2 to 3 minutes. Based on an 
average life of 20 hours between grinds, each drill is good for 70 to 
75 barrels before resharpening. Comparable production has been 
attained with drills of other sizes. 
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OPERATIONS ON THE 1.150" GUN DRILL 

Fig. 4. 
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The manufacturing sequence on all the drills is somewhat similar. 
That for the 0.594-inch drill is as follows: 

1. The stock is cut-off, centered, and ground to 0.578 inch 
diameter. 

2. Grooves for the wear plates, the chip flute, and the seat for 
the carbide tip are milled. 

3. The wear plates and carbide tip are brazed in place. 

4. The stock is ground on centers to the correct diameter over 

the carbide inserts, leaving the body slightly undersize, in this case, 
0.578 inch. The latter eliminates the need of relief or back-off on 
the drill. ^ 

5. Both centered ends are cut-off and the oil hole is drilled. 

6. The drill tip is butt-welded to the conventional fluted-type 
seamless-tube shank. 

7. Finally, the drill is sharpened. 

This drill, as well as the other sizes, may be made from drill 
rod. 

Better results, however, are obtained with S.A.E. 3115 steel 
Aerocase hardened to a depth of 0.003 to 0.005 inch before brazing 
in the wear plates and tip. Case hardening minimizes the danger 
of picking up chips and slight tears on the soft core of the barrel 
when drilling. The 0.578 inch diameter drill will run up to 20 hours 
without sharpening and will take a feed of li inches with ease. 

The machine used for drilling the 1.150-inch air-cylinder hole in 
the receiver body of 20-millimeter automatic cannon was originally 
built for a two-lipped drill with the chip return through the center 
of the drill extension. Chips would often plug this center hole, 
causing the stock to run out as much as 0.030 inch in 24 inches. 
This condition was overcome completely by the 1.150-inch drill 
shown in the drawing. The double lip was replaced by a single 
lip tipped with carbide and backed up with two carbide wear plates. 
Since this drill was designed, run-out in the receiver body has been 
held* consistently within 0.008 inch in 24 inches. Chip breakers, 
ground as steps on the cutting edge, split the chips while drilling 
and reduce the possibility of the plugging. The success of this 
drill is partly due, of course, to the. rigidity of the round extension 
tube compared with the conventional fluted seamless tube used on 
small drills. Another asset is the ease of removing the drill by 
simply unscrewing it from the extension tube. 

The 1.150-inch drill is used in a No. 420 W, F. & John Barnes 
horizontal drilling machine while running at a speed of 600 r.p.m. 
The speed should be higher, but due to the heavy cradle used for 
holding the work it is not essential. At the 600 r.p.m. speed, the 
drill feed is J to i inch per minute, under which conditions the drill 
can be used for 10 hours and more without resharpening. A feed 
of ij inches per minute can be used at higher speeds. The tail- 
stock of the machine is so constructed as to let the oil, under pres¬ 
sure, enter along the drill extension-which is J inch smaller in 
diameter than the drill. The oil flows along the two outside flats 
on the drill up to the point, and finally back through the flute and 
hole in the extension tube, carrying the chips with it. 
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The illustrations, Figs. 3 and 4, are self-explanatory. 

Gun-Barrel Reamers and Broaches.—Wood-packed reamers for 
hnishing the bore of cannon of various sizes are still largely used 
in gun shops. One of these, such as used in the Watervliet Arsenal, 
is shown in Fig. 5. The dimensions of the various parts are 
given for four sizes, 37 mm., 75 mm., 3 in., and 105 mm. 

The wood-packed tool is a cutting head followed by two semi¬ 
round wood inserts which support the bar in the bore. These 
inserts are made of hard maple which is kept under vacuum for 
24 hours to remove all the moisture. It is then soaked in an 
impregnating oil for 24 hours. The ends are waxed to keep the 
wood from checking. 

When ready to use, the wood is turned 0.005 i^^ch larger than 
the reamer size to ensure a rigid support for the bar. High-speed 
blades are used for the roughing ream and carbon steel for the 
finishing cut. The gun tube is first counterbored for a short 
distance to ensure the reamer’s being started straight. As the wood 
packing must be replaced after each bore, this makes an expensive 
method both in material and in time. 

More modern practice is to use babbitt as a packing instead of 
wood, and carbide-tipped cutters instead of high speed and carbon. 
This has two advantages; the carbide cutters maintain their size 
for the whole length of the bore and so eliminate all chance of a 
taper hole, and the babbitt packing can be used for six or eight 
bores before they need to be replaced. 

The babbitt packings are turned with about 0.001-inch clearance 
instead of being oversize, as with the wood-packed reamers. 
Details of the babbitt-pa eked reamers are seen in Figs. 6 and 7. 

Portable-Boring-Bar Feeds and Speeds.—The Van Norman 
Machine Tool Co. recommends the following feeds and speeds for 
their cylinder-boring bars. 

Table i.—Boring-Bar Feeds and Speeds 


Diameter of Hole 
in Inches 

Depth of Hole 
in Inches 

R.P.M. of Bar 

Peed in Inches 
per Minute 

1.9 to 3.8 

10 

355 

if 

2.2 to 4.25 

10 

344 

if 

2.6 to 5.25 

Two-speed bars: 

14 

285 

l| 

2.6 to S.34 

14 

High 375 

2i 


Low 220 


3.49 to 7.5, 

18 

High 234 
Low 162 


4*35 to 9 ^ 

30 

High 169 
Low 117 

f 


Gtm-Barrel Broaches.—Broaches are now used to cut the 
riding grooves in gun barrels instead of the old, slow method of 



Holes drilled fbr SJmm onfy 
Hr copper tu h,ing for larger sizes - 
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Fig. 5.—Wood-packed reamer. 









Tool hoMen 



Fig. 6 .—The new babbitt-packed reamers use carbide cutters. A set of three gets the 7s-mm. tube ready for the 

honing operation. 















Babbitt Packing 

Fig. 7.—Details of babbitt packing and steel wedge. 
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Pig. 9. ^Broaching has also been applied to the 3-m. AA gun. The shank and broaching disks are shown. 
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cutting the grooves with a frail hook tool. Figures 7 and 8 give 
details of the broaching cutters used in cutting the rifling grooves 
in the 37-mm. and in the 3-inch antiaircraft gun. 

The 37-mm. gun has 12 grooves 0.02 inch deep and 0.234 inch 
wide. The first broaches remove 0.0015 to 0.003 inch of metal, 
the last 0.0005 to 0.001 inch. A lubricant of 3 parts kerosene and 
I part lard oil at 70 pound pressure flushes the chips out ahead 
of the tool and keeps them from marring the bearing surface which 
guides the bar. 

Diamond-Core Drill Fittings.—Diamond-core drill fittings have 
been standardized since 1929, the last revision of the standard 


Outside Diameter 
of Casing 



Fig. 10. —Sizes of core barrels. 


being endorsed Mar. 25, 1941. This standard covers designs and 
tolerances with controlling dimensions for rod couplings, drill 
rods, core-barrel bits, reaming shells, core-barrel outer tubes and 
inner tubes, casing couplings, flush-coupled casings, flush-joint 
casings, and casing bits. Dimensions of core-barrel bits and 
reaming shells apply to these items as they leave the machine 
and before being set with drilling diamonds. 

It will be noted that while the threads are called “square" they 
have a 5-degree angle on each side which makes them much easier 
to cut. Figure 10 shows the relations between the four sizes 
listed. Table 4 shows the corresponding core barrels, core¬ 
barrel bits, reaming shells, and rod couplings. 

The term “reaming shell" is now used in place of “swell 
coupling." 

The only difference betw'een the bevel-wall and the straight- 
wall bit is the large diameter of the hole, shown in Z, Table 
5, and an extension of the K diameter incli beyond the 










Table 2.—Nominal Dimensions 


WARTIME DATA SUPPLEMENT 



Approx. 
Diameter 
of Core.t 
in Inches 

M M N 

Approx. 
Diameter 
of Hole 
Made by 
Core-bar¬ 
rel Bit 
and Shell.t 
Inches 

HwHcewlao 

M M M PO 

Drill 

Rod, 

0. D., in 
Inches 

““l^wloeNlrtwIoo 

M M M M 

Reaming 

Shell, 

0. D., in 
Inches 

M W N 


Barrel 

Bit, 

I.D.. in 
Inches 

M M M 


Barrel 

Bit, 

0. D., in 
Inches 

M M Ci M 

Casing 

Bit, 

0. D., in 
Inches 

i 

w N N ro 

Casing 

I. p..* 

in 

Inches 

o>|e^ 

M w M ro 

0. D.. 

in 

Inches 

H CS M CO 

Rod, 

Rod 

Couplings 


Core 
Barrels, 
Core-bar¬ 
rel Bits, 
Reaming 
Shells 

EXT 

AXT 

BX 

NX 

•5 

Casing 
Coupling, 
Caang 
Bits 

EX 

AX 

BX 

NX 
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Table 3.—Rod Couplings 



Designating 

Symbol 

D, in 
Inches 

F, in 
Inches 

G, in 
Inches 

H, in 
Inches 

Threads 
per Inch 

K, in ; 

Max. 

Inches 

Min. 

E 

lA 

li 

i§ 

A 

3 

0.874 

0.870 

A 

if 

4 

i| 

p 

3 

I 139 

I 134 

B 

lU 

4 

i| 


5 

1.280 

1-275 

N 

2I 

4 

2i 

I 

4 

1.686 

1.681 


Desig¬ 

nating 

Sym- 

L, in 
Inches 

M, in 
Inches 

S, in Inches 

T,in Inches 

V, in Inches 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

E 

4 i 

lA 

0.1608 

0-1363 

0.999 

0.998 

0.1657 

0.1617 

A 

' 5 , 

iM 

0.1608 

0.1563 

1.264 

1.263 

0.1657 

0.1617 

B 

5 i 


0.0941 

0.0897 

1-403 

1.404 

0.0990 

0.0950 

N 

6i 

2 h 

0.1164 

0 .II 20 

1.874 

1-873 

0.1212 

O.I173 


SILVER SOLDERS 

Characteristics of Silver Solders.—The tensile strength of silver 
solders varies from 40,000 to 60,000 pounds per square inch. 
Silver-soldered joints are often stronger than the metal itself. 










Table 5. —Core-barrel Bits, Bevel Wall (8 Threads per Inch R. H.) 
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The solders below are made by Handy & Harman and vary from 
9 to 8o per cent of silver. 

Table 6 .—Silver Solder Data 


Name 

Melting Point in 
Degrees Fahrenheit 

Color 

TL 

1600I 

1 


ATT 

1500 


Brass yellow 

NE ^ 

1575; 

1 


NT 

14S0I 

1 


SS 

1435 


Pale yellow 

DT 

I 44 SJ 

I 


DE 

1370) 


ET 

13401 

Yellow-white 

ETX 

1425 



ETC 

1175^ 

1 


RT 


1 


BT 

1425] 


Silver-white 

IT 

1460) 

1 



Silver solders are really brazing metals for use between the low 
temperature lead-tin solders and welding. Those high in silver 
resist corrosion. They are not expensive because so little is 
required in the joint. They flow very freely. Melting tempera¬ 
ture varies from 1175 to i6oo®F., depending on composition. The 
more silver, the lower the melting point. 


Table 7.—Fluidity of Fluxes 



Borax 

75 % 
Borax, 
25 % 
Boric 
Acid 

50% 

Borax, 

50 % 

Boric 

Acid 

25 % 
Borax, 
75 % 
Boric 
Acid 

Boric 

Acid 

Begins to thicken at. 

1400 

I 

1490 

1510 

1510 

1600 

Decidedly viscous at. 

1330 

1440 

1460 

1470 

1510 

Extremely viscous at. 


1300 

1325 

1325*, 

1280 

Almost solid at. 

1165 

1240 

1250 

1220 1 

1160 

Solid at. 

1125 

1120 

1160 

1140 

1050 


Fluxes must be used, the characteristics of borax being shown 
in Table 7. 
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Using Silver Solder. —Parts must be thoroughly clean. Edges 
of joints must be smooth and ht tightly as it is wasteful to use 
silver solder as filler. 

Proper fluxing with borax, as a paste or in powder form, is 
essential. Cover all the joints and the solder itself to protect 
against oxidization and aid the flow of solder. Brushing spreads 
the flux more evenly than dipping. 

Table 7 shows the fluidity of borax and boric acid solutions in 
degrees Fahrenheit. 

Heating. —An oxyacetylene flame is too intense for some work, 
but oxygen and gas can generally be used satisfactorily. The 
joint and surrounding metal should be heated slowly before solder¬ 
ing. If a torch is used, the flame should be soft to prevent blowing 
off the flux. When one of the metals being soldered is copper, 
give it special attention as to heating as it conducts heat away 
very rapidly. The parts must be thoroughly heated back of the 
joint as well as the joint itself, then heat the joint quickly as hot 
as necessary. A good guide is to watch the borax flux, which 
becomes watery at 1400°?. Large surfaces should be well pre¬ 
heated back of the joint, taking care to preheat thoroughly the 
heavier piece. 

Soldering.—When the joint shows a dull red, concentrate the 
flame along the joint. The temperature can be judged by the 
following table. 


First visible red is about. 900®F. 

Dull red is about. i2oo°F. 

Cherry red is about. i400®F. 

Bright cherry red. i6oo°F. 


When the heat is right for the solder being used, as given in 
Table 6, bring the solder under the flame. If the parts have been 
properly cleaned, fitted, fluxed, and heated, silver solder will flow 
quickly along the joint, following the flux. 

The increasing use of silver soldering for carbide tips of cutting 
tools, makes it important to secure the best results possible as a 
poor joint may not only ruin the tip but also cause delay and 
spoiled work. 

Soldermg Stainless Steel.—All modern stainless steels can be 
soldered by proper methods and materials. As these steels conduct 
heat slowly, either more heat must be applied or it must be used 
for a longer time. The solder must be hard, tenacious, yet flow 
freely with a suitable flux. It should also have about the same 
color as the steel. 

Pure tin and lead make the best solders for this purpose, 66 per 
cent tin and 34 ^r cent lead being a good mixture. This melts 
at 3 So’’F. and l^nnells at 16.7. It flows freely and is bright when 
buff^. Ordinary solders are not recommended. 

Surfaces must be scrupulously clean both mechanically and 
chemically. The flux should have a solvent action on the oxide 
to keep the surface clean and exclude the air. Zinc chloride is a 
good flux either as a liquid or made into a thin, creamy paste by 
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mixing with 50 per cent solution of hydrochloric acid. The entire 
area to be soldered should be covered with the flux. After tinning 
the surfaces, the soldering can be done in the usual way. 

If difficulty is experienced in making the solder stick to polished 
surfaces, these can be dulled by using the following solution before 
soldering. Hydrochloric acid 45 parts, ferric chloride 25 parts, 
nitric acid i part. This solution should remain on the steel about 
10 minutes before being wiped off. 

After soldering, the surfaces should be washed thoroughly in 
a soda solution and then rinsed clean in clean water to remove all 
traces of the flux acid. 

DRILLS FOR TAPPED HOLES 

There are few cases in which it is advisable to use a tap drill 
small enough to give a completely full thread in the tapped hole. 
A full-depth thread takes three times the power needed to tap a 
75 per cent depth thread and is only 5 per cent stronger. A nut 
with 50 per cent, or half-depth, thread, will break the bolt before 
the thread will strip. The tougher and harder the material or the 
deeper the threaded hole, the less the thread depth can safely be. 
Good manufacturing practice uses from 62 to 75 per cent of thread 
depth and never more than 831 per cent. 

Recommended Sizes.—The Bureau of Standards ‘‘Handbook 
H28” contains the accompanying tables for tap drills for American 
National coarse-thread series showing the percentage of thread 
depth given by the use of standard drills. These tables show the 
basic, maximum, and minimum diameters of the nut given in the 
standard tables. The drills that will provide these diameters are 
shown in roman type. Those which come outside these dimensions 
are shown in boldface type. 

It must be remembered that the diameter of the hole made by 
any drill depends to some extent on the way it is ground, on the 
material drilled, and on the lubricant used. Holes that have been 
drilled before heat-treatment sometimes go out of round and cause 
tap breakage. The drills shown, are carried in stock, some being 
in metric dimensions. 

The Bureau of Standards “Haudbook H28,” Screw-Thread 
Standards for Federal Services—1942, was prepared by the Inter¬ 
departmental Screw Thread Committee established by the Depart¬ 
ments of War, Navy, and Commerce to promote uniformity in 
screw-thread standards in the departments concerned. The basis 
for this new handbook, issued January, 1942, is the 1933 report and 
preceding reports of the National Screw-Thread Commission, and 
Handbook H25 which superseded those reports and which this 
handbook supersedes, together with pertinent standards approved 
and promulgated by the American Standards Association. The 
following tables of tap-drill sizes for American National coarse- 
thread series and American National fine-thread series of screw 
threads are taken from the new handbook. 

The essential requirement of a tap drill is that the hole produced 
by it shall be such that, when tapped with a screw thread, the minor 
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Table 8.—Sizes of Tap Drills—American National 
Coarse-Thread Series 
(Dimensions in Inches Unless Otherwise Noted) 




Minor Diameter of Nut 

Stock Drills for lOO to so Per 
Cent of Basic Thread Depth 

Diam¬ 

eter 

Threads 
per Inch 

Basic 

Maxi- 

Mini- 

Nominal 

Diam- 

Per Cent 
of Depth 



mum 

mum 

Size 

1 

eter 

of Basic 
Thread 







" 

/ 0.0531 

0.0531 

98 






1 0.0550 

0.0550 

89 

I 

64 

0.0527 

0.0623 

0.0561 

) 0.0571 
) 0.0591 

0.0571 

0.0591 

78 

68 






1 0.0610 

0.0610 

59 






\ 0.0625 

0.0625 

52 






/ 0.0630 

0.0630 

99 






( 0.0650 

0.0650 

91 

2 

S6 

0.0628 

0.0737 

0.0667 

< 0.0670 

0.0670 

82 






1 0.0700 

0.0700 

69 






\ 0.0730 

0.0730 

56 






/ 0.0730 

0.0730 

96 






\ 0.0760 

0.0760 

85 

3 

48 

0.0719 

M 

00 

0 

d 

0.0764 

< 0.0781 

0.0781 

77 






1 0.0810 

0.0810 

67 






V 0.0827 

0.0827 

60 






I 0.0810 

0.0810 

95 






1 0.0827 

0.0827 

90 

4 

40 

0.0795 

0.0938 

0.0849 

) 0.0860 
] 0.0890 

0.0860 

0.0890 

80 

71 






/ 0.0906 

0.0906 

66 






\ 0.0937 

0.0937 

S 6 






0.0937 

0.0937 

96 






0.0960 

0.0960 

89 

5 

40 

0.0925 

0.1062 

0,0979 

0.0995 
0.1024 ! 

0.099s 

0.1024 

79 

70 






0.1040 

0.1040 

6S 






0.1065 

0.1065 

57 






/ 0.0995 

0.0995 

95 






/ 0.Z024 

O.ZO24 

88 






\ 0.1040 

O.ZO4O 

84 

6 

32 

0.0974 

0.1145 

0,1042 

< 0.1065 

0.1065 

78 






1 0.1094 

0.1094 

70 






1 0.1130 

0.II30 

62 






' 0.1160 

o.zz6o 

54 






( 0.1250 

0.Z250 

96 

8 

32 

0.1234 

QO 

hi 

6 

0.1302 

< 0.1285 

0.1285 

87 


> 




( 0.1299 

0.1299 

84 
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Table 8.—Sizes of Tap Drills—American National Coarse- 
Thread Series.— Continued 




Minor Diameter of Nut 

Stock Drills for 100 to 50 Per 
Cent of Basic Thread Depth 

Diam- 

Threads 







eter 

per Inch 

Basic 

Maxi- 

Mini- 

Nominal 

Diam- 

Per Cent 
of Depth 



mum 

mum 

Size 

eter 

of Basic 
Thread 







( 0.1339 

0-1339 

74 

8 

32 

0.1234 

0.1384 

0.1302 

j 0.1360 
) 0.1378 

0.1360 

0.1378 

69 

6s 






1 0.1406 

0.1406 

58 






/ 0.1378 

0.1378 

96 






[ 0.1406 

0.1406 







\ 0.1440 

0.1440 

8S 

10 

24 

°-i 359 

O.I 5 S 9 

0.1449 

s 0.1470 

0.1470 

79 






/ 0.1520 

0.1520 

70 






1 0.1562 

0.1562 

62 






' O.1610 

O.161O 

54 






/ 0.1660 

0.1660 

92 






1 0.1695 

0.1695 

86 






\ 0.1719 

O.1719 

82 

12 

24 

0.1619 

0.1801 

0.I709 

1 0.1730 
j 0.1770 

0.1730 

0.1770 

79 

72 






1 0.1800 

0.1800 

67 






1 0.1850 

0.1850 

57 






\ 0.1875 

0.1875 

53 






/ 0.1850 

0.1850 

100 






1 0.1875 

0.1875 

96 






I O.1910 

O.I91O 

91 

i 





) 0.1935 

0.1935 

87 

20 

0.1850 

0.2060 

0.1959 

/ 0.1960 

0.1960 

83 






j 0.1990 

0.1990 

79 






1 0.2031 

0.2031 

72 






f 0.2090 

0.2090 

63 






\ 0.2130 

0.2130 

57 






. 0.2460 
0.2500 

0.2460 

2 ^ 






0.2500 

87 


18 




0.2520 

0.2520 

84 

A 

0.2403 

0,2630 

0.2524 

< 0.2570 

0.2570 

.77 






0.2610 

0.2610 

71 






0.2656 

0.2650 







' 0.2720 

0.2720 

56 

i 





( 0.2969 

0.2969 

96 

16 

0.2938 

0.3184 

0*3073 

< 0.3020 

0.3020 

90 






1 0.3071 j 

0.3071 

84 
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Table 8.—Sizes of Tap Drills—American National Coarse- 
Thread Series.— Continued 


Diam¬ 

eter 

Threads 
per Inch 

Minor Diameter of Nut 

Stock Drills for 100 to so Per 
Cent of Basic Thread Depth 

Basic 

Maxi¬ 

mum 

Mini¬ 

mum 

Nominal 

Size 

Diam¬ 

eter 

Per Cent 
of Depth 
of Basic 
Thread 



■ 

■ 

■ 


0.312s 

77 







0.3160 

73 

i 

16 

0.2938 

0.3184 

0 

6 

< 0.3230 

0.3230 







1 0.3281 

0.3281 

58 






V 0.3320 

0.3320 

53 






, 0.3480 

0.3480 

96 






I 0.3543 

0.3543 

90 






) 0.3594 

0.3594 

84 

A 

14 

0-3447 

0.3721 

0.3602 

< 0.3680 

0.3680 

75 






/ 0.3750 

0.3750 

67 






1 0.3860 

0.3860 

56 






' 0.3906 

0.3906 

51 






( 0.4062 

0.4602 

94 

i 

13 

0.4001 

0.4290 

0.4167 

< 0.4219 

0.4219 

78 






104375 

0.4375 

63 






( 0.4687 

0.4687 

87 

yv 

12 

0.4542 

0.4850 

0.4723 

3 0.4844 

0.4844 

72 






j o.(;ooo 

0.5000 

58 






( 0.5062 

0.5062 

52 






.13 mm. 

0.5118 

96 






m 

0.5156 

93 






\ 

0.5312 

79 

1 


0.5069 

0.5397 

0.5266 

{13 s mm. 

0 .S 3 IS 

79 






/il 

0.5469 

66 






114 mm. 

0.5513 

62 







0.5625 

53 






yl 

0.6250 

96 






116 mm. 

0.6299 

92 







0.6406 

84 

i 


0.6201 

0.6SS3 

0.6417 

< 16.5 mm. 

0.6496 

77 






jih 

0.6562 







\ 17 mm. 

0.6693 

62 







0.6719 

60 







07344 


1 


0.7307 

0.7689 

0.7S47 

^19 mm. 

O.748O1 

88 



i 



(i 

07500 

87 
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Table 8.—Sizes of Tap Drills—American National Coarse- 
Thread Series .—Continued 




Minor Diameter of Nut 

Stock Drills for 100 to 50 Per 
Cent of Basic Thread Depth 

Diam- 

Threads 







eter 

per Inch 

Basic 

Maxi- 

Mini- 

Nominal 

Diam- 

Per Cent 
of Depth 



mum 

mum 

Size 

! 

eter 

of Basic 
Thread 




< 



/ff 

0.7656 

76 






I19.5 mm. 

0.7677 

74 

i 

9 

0.7307 

0.7689 

0.7547 


0.7812 

6s 






§20 mm. 

0.7874 

61 







0.7969 

54 






n 

0.8438 

96 






1 2i.>; mm. 

0.8465 

95 






Iff 

0.8594 

87 






I22 mm. 

0.8661 

82 

I 

8 

o.Ss76 

08795 

0.8647 


0.8750 

77 






]22,% mm. 

0.8858 

70 






hi 

0.8906 

67 






1 23 mm. 

0.9055 

S8 






\fi 

0.9062 

S8 






/24 mm. 

0.9944 

97 






la 

0.9531 

85 






1 24.5 mm. 

0.9646 

86 






\ff 

0.96^ 

84 

li 

7 

0-9394 

0.9858 

0.9704 

I25 mm. 

0.9842 

0.9844 

76 

76 





i 

ji 

1.0000 

67 






/ 25.5 mm. 

1.0039 

65 





I 

1 lA 

1.0156 

59 






126 mm. 

1.0236 

55 







1.0312 

1.0781 

1 51 

93 






/ 27.5 mm. 

1.0827 

90 






Hi 

1.0938 

84 






128 mm. 

1.1024 

80 

il 

7 

I.0644 

I.1108 

1.0954 

m 

\28.5 mm. 

1.1094 

1.1220 

76 

69 






jii 

I.I25O 

67 






ftt 

Z.I406 

59 






120 mm. 

I.I4I7 

58 






'lA 

1.1562 

51 






<’29.5 mm. 

1.1614 

99 

If 

6 

1.1585 

I.2126 

I.1946 

<iii 

1.1719 

94 





1 

UO mm. 

1.1811 

90 
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Table 8.—Sizes of Tap Drills—American National Coarse- 
Thread Series.— Continued 




Minor Diameter of Nut 

Stock Drills for loo to 50 Per 
Cent of Basic Thread Depth 

Diam- 

Threads 







eter 

per Inch 

Basic 

Maxi- 

Mini- 

Nominal 

Diam- 

Per Cent 
of Depth 



mum 

mum 

Size 

eter 

of Basic 
Thread 







/lA 

1.1875 

87 






/30.5 mm. 

1.2008 

80 







1.2031 

79 






\i A 

1.2188 

72 

li 

6 

1-1585 

1.2126 

I.1946 

J31 mm. 

VH 

1.2205 

1*2344 

71 

65 






731.5 mm. 

1.2402 

62 






(li 

1.2500 

58 






\ 32 mm. 

1.2598 

53 






'itt 

1.2656 

51 






/lit 

1.2969 

94 






/33 mm. 

1.2992 

§3 






I lA 

1.3125 

87 






I33.5 mm. 

1.3189 

84 






ya 

1.3281 

79 

li 

6 

I • 2835 

1-3376 

1.3196 

/34 mm. 

Vii 

1.3386 

1-3438 

75 

72 






134,5 mm. 

1-3583 

65 






ha 

1-3594 

65 






f li 

1-3750 

58 






\35 mm. 

1.3780 

56 






va 

1.3906 

51 






/38 mm. 

1.4961 

98 






/ 

1.5000 

96 






iM 

1.5156 

90 






138.5 mm. 

1.5157 

90 






\iii 

1-5312 

84 






I39 mm. 

1-5354 

83 

ij 





ha 

1-5469 

78 

5 

I .4902 

I-5551 

1-5335 ' 

( 39.5 mm. 

I- 555 I 

75 






\i A 

1.5625 

72 






J40 mm. 

1-5748 

67 







1.5781 

66 






f iff 

1-5938 

60 






40.5 mm. 

1-5945 

60 






lii 

1.6094 

54 






V41 mm. 

1.6142 

52 
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Table 8.—Sizes of Tap Drills—American National Coarse- 
Thread Series.— Continued 




Minor Diameter of Nut 

Stock Dnlls for 100 to so Per 
Cent of Basic Thread Depth 

Diam- 

Threads 







eter 

per Inch 

Basic 

Maxi- 

Mini- 

Nominal 

Diam- 

Per Cent 
of Depth 



mum 

mum 

Size 

eter 

of Basic 
Thread 




c 



/43.5 nun. 

1.7126 

100 






hU 

1.7188 

97 






1 44 nun. 

1-7323 

93 






hii 

1-7344 

92 






lii 

1.7500 

87 






144.5 inm. 

1.7520 

86 







1.7656 

81 






/45 mm. 

1.7716 

79 

2 

4} 

I. 7113 

1-7835 

1-7594^ 

(ift 

1.7812 

76 






\45.5 mm. 

1*7913 

72 






iti 

1.7969 

70 






I46 nun. 

I.8IIO 

65 






liH 

1.8125 

65 






[iH 

1.8281 

60 






1 46.5 nun. 

1.8307 

59 






\iH 

1.8438 

54 






\47 nun. 

1.8504 

52 






/50 mm. 

1.9685 

98 






/ifi 

1.9688 

97 






iH 

1.9844 

92 






1 50.5 mm. 

1.9882 

91 






I2 

2.0000 

78 






151 nun. 

2.0079 

84 







2.0156 

81 

4 

4i 

1.9613 

2.0335 

2.0094 * 

/51.S mm. 

\2A 

2.0276 

2.0312 

77 

76 






)2A 

2.0469 

70 






i52 mm. 

2.0472 

70 






■ 2A 

2.0625 

65 


, 




[ 52.5 nun. 

2.0669 

63 






2* 

2.0781 

60 






153 mm. 

2.0866 

57 






'2 A 

2.0938 

54 






/55.5 nun. 

2.1850 

97 






2.187s 

96 


4 

2.1752 

2.2564 

2.2294 

<2i| 

156 mm. 

2.2031 

91 






2.2047 

91 






'2A 

2.21^ 

87 
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Table 8.—Sizes of Tap Drills—American National Coarse- 
Thread Series.— Continued 




Minor Diameter of Nut 

Stock Drills for 100 to 50 Per 
Cent of Basic Thread Depth 

Diam- 

Threads 







eter 

per Inch 

1 Basic 

Maxi- 

Mini- 

Nominal 

Diam- 

Per Cent 
of Depth 



mum 

mum 

Size 

eter 

of Basic 
Thread 








<6.5 mm. 

2.2244 

8s 








2.2344 

82 






1 

57 mm. 

2.2441 

79 






1 

2i 

2.2500 

77 






)57.5 mm. 

2.2638 

73 






)2ii 

2.2656 

72 

2i 

4 

2.1752 

I.2564 

2.2 294 

/2A 

2.2812 

67 






1 

58 mm. 

2.2835 

67 






i 


2.2969 

63 






158.5 mm. 

2.3031 

61 






hA 

2.3125 

S8 






\S 9 mm. 

2.3228 

55 






'iii 

2.3281 

53 







11^ 

2.4375 

96 






1 

'62 mm. 

2.4409 

95 






/ 


2.4531 

91 






1 62.5 mm. 

2.4606 

89 







2.4688 

87 






16^ mm. 

2.4803 

83 






Vii 

2.4844 

82 







163.5 mm. 

2.5000 

77 

2 i 

4 

,2.4252 

2.5064 

2-4794 

< 

'2J 

2.5000 

2.5156 

77 

72 







164 mm. 

2.5197 

71 






, 

ha 

2.5312 

67 






j 

[64.5 mm. 

2.5394 

65 






1 

2h 

2.5469 

63 






1 

65 mm. 

2.5590 

59 






1 


2.5625 

58 








2.5781 

53 







\65.5 mm. 

2.5787 

53 






1 .08 nun. 

2.^72 

99 






< 

[clfs mm. 

2.6875 

2.69^ 

96 

93 

3 

4 

2.6752 

2.7564 

2.7294 

i 

aW 

2.7031 







1 

/ 60 nun* 

2.7165 

2.7188 

87 







'att 

2-7344 

82 
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Table 8.—Sizes of Tap Drills—American National Coarse- 
Thread Series.— Continued 


Diam- Threads 
eter per Inch 


Minor Diameter of Nut 


Basic 



/69.S mm. 


1 70 mm. 

2 ii 

70.5 mm. 

2 ii 

\* 7 i mm. 

2 ii 


2-6752 2.7564 2*7294 


I 71.5 mm. 

Un 

\72 mm. 

f 7^ mm. 

75 nun. 

2 ^ 

2U 

75.5 mm. 

2H 

76 mm. 

3* 

3A 

! 3A 

3 ^ 

S 

3.42523.50643.4794 { 3 ^ 


! 0.0453 

o!o492 
0.0512 
/ 0.0550 

o. 0550 o. 0634 o. 0580 < 0.0571 
I 0.0591 


1 


72 
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Table 8,—Sizes of Tap Drills—American National Coarse- 
Thread Series.— Continued 




Minor Diameter of Nut 

Stock Drills for 100 to so Per 
Cent of Basic Thread Depth 

Diam- 

Threads 







eter 

per Inch 

Basic 

Maxi- 

Mini- 

Nominal 

Diam- 

Per Cent 
of Depth 



mum 

mum 

Size 

eter 

of Basic 
Thread 







/ 0.0610 

0.0610 

67 

I 

72, 

0.0550 

0.0634 

0.0580 

< 0.0625 

0.0625 

S8 






( 0.0630 

0.0630 

55 






? 0.0670 

0.0670 

94 

2 

i 64 

0.0657 

0.0746 

0.0691 

< 0.0700 

0.0700 

79 






( 0.0730 

o.o 73 oi 

64 






/ 0.0760 

0.0760 

99 






1 0.0781 

0.0781 

90 

3 

1 56 

0.0758 

0.0856 

0.0797 

^ 0.0810 

0.0810 

78 






1 0.0827 

0.0827 

70 






1 0.0860 

0.0860 

56 






/ 0.0860 

0.0860 

96 






1 0.0890 

0.0890 

85 

4 

48 

0.0849 

0.0960 

0,0894 

/ 0.0906 

0.0960 

79 






1 0-0937 

0.0937 

68 






V 0.0960 

0.0960 

59 






/ 0.0960 

0.0960 

98 






1 0.0995 

0.0995 

86 

5 

44 

0-0955 

0,1068 

0.1004 

) 0.1024 
) 0.1040 

0.1024 

0.1040 

77 

71 






1 0.1065 

0.1065 

63 






\ 0.1094 

0.1094 

53 






/ 0.1065 

0.1065 







I 0.1094 

0.1094 

88 

6 

40 

O.IOS 5 

O.II79 

0.1109 

< 0.II30 

0.1130 

77 






i 0.II60 

0.1160 

68 






V 0.1200 

0.1200 

55 


diameter of the tapped hole shall be within the specified limits. 
It should be noted that the minor diameters of the tapped holes 
are the same for Classes i to 4. 

If the drill is too large, the minor diameter of the tapped hole 
will also be t6o large and the thread in the nut will be too shallow, 
that is, too small a percentage of a full thread. As an extreme 
case the thread in the tapped hole will engage only the tops of the 
threads on a screw of correct size, and under stress the threads of 
the screw will strip and the full strength of the fastening will not 
be developed. ' 
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If, on the other hand, the tap drill is too small, the tap will be 
forced to cut a thread of full depth, and in the extreme case to act 
as a reamer also. This will result in excessive power consumption 
and tap breakage and will also make the minor diameter of the 
tapped hole dependent upon the minor diameter of the tap. This 
is undesirable since the minor diameter of the tap is not, in general, 
held to the same close limits as the other tap elements, and as a 
result the minor diameter of a hole tapped under these conditions 
may be in error even though the tap is otherwise correct. 

It is a well-known fact that the size of the hole produced by a 
tap drill depends to some extent upon the method of grinding the 
drill, the material drilled, the lubricant used, and the speed and 
feed of the operation. This being true, it is apparent that fixing 
the diameter of the tap drill does not completely fix the diameter 
of the hole. 

There are given in the accompanying table all drills regularly 
carried in stock, both English and metric, which fall between the 
limiting dimensions of the minor diameter of the threaded hole 
for the American National coarse- and fine-thread series, as well 
as drills outside of the minor diameter limits corresponding in size 
to thread depth from 50 to 100 per cent. Drill sizes up to i inch 
are in agreement with A.S.A. B5.12-1940, Twist Drills, Straight 
Shank, published by the A.S.M.E. The stock drill sizes given in 
italics are not within the specified limits for minor diameter of nut. 

HOLE CIRCLE LAYOUTS 

The following tables are for accurate layout of holes on a given 
circumference. The values given are constants for a i-inch circle. 
For larger or smaller circles, multiply the values by the diameter 
of the given circle. All values are given in ten-thousandths of an 
inch. 

The tables are useful on precision machines, particularly the 
jig borer. They are to be used as follows: 

Have the work fastened in position and locate the true center. 
Then move to the right a distance equal to the radius of the circle 
to be divided. Bore hole i. Then move horizontally to the left 
the required number of ten-thousandths for hole 2. Follow this 
by moving vertically the required number of ten-thousandths for 
hole 2, thus locating this hole. Repeat these horizontal and vertical 
movements, locating each hole in turn. At each outer intersection 
bore the hole, and repeat until the circle is complete. 

For example, in la,ying out 12 holes on a i-inch circle as shown 
in one of the drawings, hole i is bored 0.5000 inch to the right of 
the center. Hole 2 is located by first moving 0.06699 inch to 
left and then 0.2500 inch vertically. Hole 3 is located by moving 
0,18301 inch horizontally to the left and 0.18301 inch vertically. 
This is repeated, using the proper constants, for locating hole 4. 
But when locating hole 5, move vertically downwpd 0.06699 inch 
and then horizontally to the left 0.2500 inch. This is repeated for 
holes 6 and 7, using the proper constants. Hole 8 is located by 
moving horizontally to the right 0.06699 inch and then vertically 
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Table 9.—Hole Circle Layouts.— Continued 


Hole No. 

Horizontal 

Vertical 

Three holes: 



I 

0.50000 


2 

0.75000 

0.43301 

3 


0.86602 

Five holes: 



I 

0.50000 


2 

0-34549 

0 - 47 SS 3 

3 , 5 

0.55902 

0.18164 

4 


0.58778 

Six holes: 


I, 3. 6 

0.50000 


2 , 4 , 5 

0.2 5000 

0.43301 

Seven holes: 



I 

0.50000 


2 

0.18826 

0.39091 

3, 7 

0.42300 

0.09655 

4, 6 

0-33923 

0.27052 

5 


0.43388 

Eight holes: 



I 

0.50000 


S, 6 

0.1464s 

0.35355 

3 , 4 . 7 . 8 

0-35355 

0.1464s 

Nine holes: 



I 

0.50000 


2 

0.11698 

0.32139 

3 , 9 

0.29620 

0.17101 

4,8 

0.33682 

0.05939 

5 , 7 

0.21984 

0.26200 

6 


0.34202 

Ten holes: 



I 

0.50000 


2. 6, 7 

0.09549 

0.29389 

3, S, 8, 10 

0.25000 

0.18164 

4 , 9 

0.30902 


Eleven holes: 



I 

0.50000 


2 

0.07937 

0.27032 

3 , II 

0,21292 

0.18450 

4, 10 

0.27887 

0.04009 

S, 9 

0.25626 

0. II 704 

6, 8 

0.15233 

0.23701 

7 


0.28172 

Twelve holes: 


I 

0.50000 


2. 7, 8 

0.06699 

0,25000 

3. 6, 9. 12 

0.18301 

0.18301 

4 , S. 10, 11 

0.25000 

0.06699 
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Table 9.—Hole Circle Layouts.— Continued 


Hole No. 

Horizontal 

Vertical 

Thirteen holes: 



I 

0.50000 


2 

0.05727 

0.23236 

3 , 13 

0.15870 

0.17913 

4, 12 

0.22376 

0.08486 

5 , II 

0.23757 

0.02885 

6, 10 

0.19695 

0-13394 

7 , 9 

8 

0 .III 2 I 

0.21190 


0.23932 

Fourteen holes: 



I 

0.50000 


2, 8, 9 

0.04951 

0.21694 

3 . 7 , 10, 14 

O-1387s 

0.17397 

4 , 6, II, 13 

0.20048 

0.0965s 

S, 12 

Fifteen holes: 

0.22252 



I 

0.50000 


2 

0.04323 

0.20337 

3 » 15 

0. I222I 

0.16820 

4 , 14 

0.18005 

0.10396 

5 , 13 

0.20677 

0.02173 

6, 12 

0.19774 

0.06425 

7 , II 

0.15451 

0.I3912 

8, TO 

0.08456 

0,18994 

9 


0.20790 

Sixteen holes: 



I 

0.50000 


2, 9, 10 

0.03806 

0.19134 

3, 8, II, 16 

0.10839 

0.16221 

4 , 7 , 12, IS 

0.16221 

0.10839 

5, 6, 13, 14 

O.I9I34 

0.03806 


downward 0.2500 inch. Thus in laying out the holes on the cir¬ 
cumference, the mechanic must observe whether the next move¬ 
ment is vertically upward or downward, or horizontally left or 
right. He selects the proper movement by observing the develop¬ 
ment of the circle as the holes are bored. 
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o n 

No.2: 

Neaf'treafed steels 
Drop forgings 

Alloy steels in 

240BrineH range 

No.3: 

General work 

Soft steel 

Forged soft steel 
Caststee! 

Tool steel (annealed) 

■ 

Ground similar h ' 
Black Devi!drills 
No.S: 

Deep holes m. 

Sent steel Hard steel 
Cast iron Nickel 
Manganese alloys 

Flatten cutting Up for marble 
No.6: 

Aluminum alloys 
Marble 

Plastics 

NoJ: 

Aluminum Die-castings 
Fiber Hard rubber 
Plastics Wood 


'S>^'Clearance^^Sb 

Uhls'* 

No. 9: 

Slate 


Drill Points for Various Materials (Courtesy of WesHnghouse Electric 
6* Manufacturing Company.) 










SECTION IV 


CUTTING TOOLS 

CARBIDE TOOLS 

High-Speed Precision Boring.—Precision boring of small steel 
parts is, according to Philip M. McKenna, being done at a cutting 
speed of i,ooo feet per minute with grade K3H Kennametal bits. 
In one setup, bits ground as shown are used for precision-boring a 
part made from S.A.E. 3120 steel, using a feed of 0.001 inch per 
revolution and a 0.003-inch depth of cut. The boring bar for 



Fig. I. —Tool bit for precision boring. 


this part carries two solid bits and is rotated at 4,300 r.p.m. to 
give the cutting speed of 1,000 feet per minute. In this part a 
section of the bore is semicircular, so that one of the bits has an 
interrupted cut about f inch long. Production per grind averages 
215 pieces, and the bits can be reground from twelve to twenty 
times. Best results are obtained when the bit is ground carefully 
to dimensions developed by the cut-and-try method, using a special 
fixture to hold the bits while being ground. The size of the radius 
at the nose of the bit and the cutting edge angles are critical; fre- 
ouently, a slight variation will have a major effect upon the pro¬ 
duction obtained between tool grinds and the quality of the finish 
produced. Figure i shows such a tool bit. 

1396 . 
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RAKE ON CUTTING TOOLS 

Machining hard metals such as armor plate has resulted in the 
development of cutting tools with a negative rake. Started as a 
means of preventing breakage of the carbide tips, it has been found 
to allow higher cutting speeds and to leave a better surface, and 
is particularly useful for turning or planing interrupted cuts where 
the shock of the tool entering the work caused breakage. The 
average negative rake seems to be from 10 to 15 degrees, but some¬ 
times when the turning tool meets a hooked surface, the angle may 
be increased to as much as 35 degrees with turning tools. 

Positive Rake f6r Soft Metals.—Negative rake, in the opinion of 
Arthur A. Schwartz, chief tool research engineer at Bell Aircraft, 

f2 ha ranee r ^ relief on 



is justified on carbide cutters only to support the cutting edge. It 
takes more power and imparts more heat than positive rake. 

The factors to be considered in milling are chip thickness (not 
depth of cut), speed, and power. The feed must be sufficient to 
maintain a suflftcient thickness of chip, which for aluminum or 
magnesium should be from 0.005 to 0.012 inch. Aluminum is now 
being milled at from 8,000 to 18,000 surface feet per minute. This 
means that the feed per minute is the chip thickness times the r.p.m. 
times the number of teeth. Cutters with from one to six teeth 
are now being used. With two teeth and 3,500 r.p.m., as on 
Farnham spar millers, there are 7,000 chips per minute. If the 
chip is 0.010 inch thick, the feed will be 70 inches per minute. 

With a single-tooth cutter. Bell Aircraft is removing over 200 
cubic inches of aluminum per minute at a feed of 30 inches. The 
cut is 3 inches deep by 3J inches wide. Here the heat goes into the 
chips, and both work and cutter remain cool. 

Mr. Schwartz has found that heat increases up to 3,000 cutting 
feet per minute and then decreases. No higher speed produces 
so much heat as is produced at that point. 

Negative Rake.—Milling cutters are also made with negative 
rake and also a negative helix, the angles in both cases depending 






Table i.—Typical Perpormance Data of Hyper-Milling Cutters 
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Table i.—Typical Pepjformance Data of Hyper-Milling Cutters.— Continued 
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Remarks 

Straddle climb mill¬ 
ing with conven¬ 
tional cuttw 

S-deg. negative rake 
land, 0.005 wide. 
Used conventicmal 
cutter. 5-deg. neg¬ 
ative spiral on 
point <miy 

Fragile part—^yet 
heat and strsun so 
slight that distor- 
tien was negligible 
7.15 cu. in. per 
minute—7.5 net 
horsepower, effici¬ 
ency 0.96 

Finish and toler¬ 
ances maintained 
better than ever 
before realised pos¬ 
sible with milling. ^ 
Conventional cut- 
t« 

Performance 

Results 

Forty 12-in. pieces 
per grind, T-89 

540 linear inches 
per grind, T-90 

8 t9 12 hr. between 
grinds 

24 hr. between 
grinds 

8 hr. between grinds 

Excellent finish—no 
burr 

36 hr. cutter life— 
Firthite HD 

3-hr. cutter life— 
high-speed steel 

Cutting 

Fluid 

'0 

.X 3 4) 0) a> 0) 

9 6 a a a a a 

-go 000 0 0 

litions 

Feed 


Firth¬ 
ite, In. 

Mg 0 g> -v r- 10 

8 8 S 2 2 8 8 

00 d 0 d d d 

Firth- 
ite. In. 
per 1 
Min. 

VO «/> fO fO M 

Operating Con< 

Speed 

Firthite 

a 

ex 

Pm 

8> 00 00 S ^ ^ 

M 10 VO ^ t- H 

a 

d 

pi 

0 PI VO 00 Q VO N 

Cut, 

In. 

Firth¬ 

ite 

^ 1 11 ^ 1 

r-MiU 

Angles, Deg. 

Helix 

01 — 

01— 

01— 

1 

S - 

s - 

Rake 


- 5 

+ 3 

— 10 

— 10 

—10 

—10 1 

Hypei 

1 

Num¬ 
ber of 
Teeth 

00 ->t « -r 0 0 00 

M M M M M PV 

! Diam¬ 
eter, 
In. 

755 ^ >0 00 'O 'O N 

_ _ 

1 

1 

1 _ 

350 BHN 

220 BHN 

Annealed 

As cast 

400 BHN 

32 Shore 

As cast 

Mate 

Type 

WDX-4340. 

Cast armor. 

S.A..E. 314s_ 

S.A.E. 2340_ 

S.A.E. 4340_ 

S.A.E. 4320_ 

Gear steel cast¬ 
ing. 
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on the work to be done. Malcolm F. Judkins, chief engineer of 
the Firth-Sterming Company, must be credited with much of the 
development of such milling cutters, which permit high cutting 
speeds, milling of heat-treated alloys, a highly burnished surface, 
Table 2.—Feed Rates for Milling Armor Plate 



Size of Cut, in Inches 

Peed Rate 

Type of Cutter 

Depth 

Width 

Inches per 
Tooth 

Inches per 
Minute 

Shear clear face mill.. 

§ to li 

6 to 12 

0.015 to 0.030 

li to 3 

Shear clear face mill.. 

I 

12 to 18 

0.018 

IJ 

Shear clear face mill.. 


12 to 18 

0.024 

2 

Shear clear face mill.. 
Standard face mill 

i 

4 

12 to 18 

0.030 


(square corners).... 
Standard face mill 

ito§ 

6 to 12 

0.010 to 0.020 

I to 2 

(square corners)... . 
Helical slab mill (6 
inch diameter or 

I 

6 to 12 

0.010 to 0.015 

I to ij 

over). 

Helical slab mill (6 
inch diameter or 

i to i 

6 to 10 

0.010 to 0.020 

I to 2 

over). 

Solid H.S.S. end mill 
(under 3 inches 

I 

6 to 10 

0.010 

I 

diameter). 


2 to 3 

0.006 to 0.010 

J to I 


Note: About i cubic inch of metal removed per horsepower-minute. 



Fig. 3. —Grinding negative rake on standard cutters, 
and a high rate of production. High cutting speeds and light 
cuts were at first thought to be necessary, but later developments 
show that slower speeds, deeper cuts, and heavier feeds are also 
possible. This is called “hyper-milling,’* and a typical cutter is 
seen in Fig. 2. Table i shows performance data with cutters of 
this kind. Table 2 shows feeds used in milling armor plate. 
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Figure 3 shows how negative rake can be ground on regular 
cutters. 

It is essential that the cutters be properly ground as instructed 
by the maker and that each tooth be lightly hand-honed with a 
440-grit, diamond-impregnated honing stick. 

Development along this line for milling aluminum and softer 
metals has resulted in very high speeds and feeds. Engineers at 
the Vega plant of the Lockheed Company have done much along 
this line. Some tests show milling speeds as high as 18,000 feet 
cutting speed per minute, and a speed of 5,000 to 8,000 feet is not 
uncommon. Milling cutters for this work are now made with a 
cast-iron body having carbide tips welded to the teeth. The teeth 
must be widely spaced and few in number for best results. Each 
tooth should have a bite of from 0.005 to 0.012 inch. Some believe 
that metal can be removed at from five to ten times the rate used 
a few years ago. 

Standard Milling Cutters. —Table 3 gives speeds and feeds sug¬ 
gested by the War Production Board for use with standard milling 
cutters. As these cutters greatly outnumber the newer negative- 
rake cutters, the suggestions still have a wide application. 

FACE-MULING CUTTER MOUNTINGS 

Approved methods of mounting face-milling cutters are shown 
in Figs. 4 and 5. These are suggested by F. W. Lucht, engineer of 
the Carboloy Company, and show all necessary details for mounting 
cutters on spindle noses and also in the tapered hole in the 
spindle. 

Carbide-Tipped Face Mills. —In face milling on a universal 
knee-type milling machine, the table must be set at zero position, 
making the table travel normal to the center line of the cutter 
spindle, or slightly past zero by an amount not greater than 0.002 
inch in 18 inches so that the trailing portion of the cutter will not 
spoil the work. In face milling on a plain milling machine of 
either the horizontal knee or the vertical type, the angular relation 
of the milling-machine spindle to the direction of table travel is 
such that the trailing portion of a cutter if properly ground will 
not spoil the finish on the work. This also applies to the manu¬ 
facturing and planer type of millers. 

When the tapered hole in the machine spindle is used to centralize 
a face mill, it must be clean, so that a uniform metal-to-metal fit 
for the full shank length is obtained. 

Mr. Lucht suggests that the following precautions should be 
observed when cemented carbide-tipped cutters are used: 

1. Never disengage spindle while feed is engaged. 

2. Always have the cutter rotating before feeding work up to 
the cutter. 

3. When using machines with rapid traverse, make certain that 
the rapid traverse is out, and the regular feed in, before the work 
comes in contact with the rotating cutter. 

4. When stopping the machine, first throw out the feed, and 
then immediately disengage the clutch spindle. 
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5. Never allow the cutter to idle in the cut, for the rubbing of 
the cutting edges against the work has a lapping effect on the cut¬ 
ting edges that dulls the cutter. 

6. Keep the cutter rotating when returning the table to starting 
position after a roughing cut. 

7. After a finish cut, the work should be removed before returning 
the table. 

Keep the backlash in the feed screw at a minimum; lock the 
knee and saddle securely before starting a cut; adjust table gibs 


fo edge 

T:;iz-Max depfh 

f cuf^/e" 

I -Braze iine 



Grind Toe 0001-0.002"per 
higher than heel 



Fig. 4.—Face-mill teeth for general work. 


to give the table a snug sliding fit; check lubrication to make certain 
that it is adequate and properly applied; keep end play in the 
machine spindle at an absolute minimum; and wipe chips from the 
ways before moving the table saddle or knee. 


Example of Use of Table 4 

Material to be milled. Cast iron—medium gray 

Type of milling cut. Roughing 

Diameter of face mill. 10 inches 

Number of teeth in face mill. 22 


Method 

1. Select the starting cutter speed in feet per minute for cast 
iron—medium gray from Table 5, 180. 

2. Place the straight edge on the nomograph (Table 4) in position 
AB, passing through 180 feet per minute and 10 inches cutter 
diameter. Read 69 r.p.m. as the approximate speed to set the 
milling. (Select the milling-machine speed nearest to this speed.) 

3. Place the straight edge in position CD, lining up 69 r.p.m. 
with 22 (number of teeth in cutter), and read 1510-I- as the number 
of teeth per minute. 

4. Select starting roughing feed per tooth from Table 5 as 0.012 
inch. 

5. Place the straight edge in position Ef, lining up isio-f 
teeth per minute with 0.012 inch feed per tooth, and read milling- 
machine-table travel as 18.2 inches per minute. (Select the milling- 
machine-table feed rate nearest to the above feed rate.) 
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Proper clamping is especially important when cemented car¬ 
bide cutters are used because increased rates of feed are usually 
employed. The ideal method of clamping any piece of work is 
to hold it rigidly but still allow it to remain in a state of “rest” 


c 





without torsional or bending strains. All cutting pressures should 
be against rigid stops and supports—never against the clamps. 
Clamp the part so as to keep the surface being milled as close as 
possible to the machine table, and keep the point of clamping 
opposite the point of support in order to minimize distortion. It 
a milling fixture is necessary, it should be heavy enough to (i) 
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Table 5.—Speeds and Feeds 

Suggested Range of Cutter 
Peripheral Cutting Speeds 
AND Recommended Starting 
Material Speeds in Feet per Minute 

Aluminum. 500 to 3,000 maximum machining 

speed 


Brass—hard and soft. 
Bronze: 

Tough. 


Cast iron: 
Soft gray. 


Medium gray. 
Hard gray.... 


Steel content below 25 per cent 
Steel content 25 to 40 per cent 


800 to 1,000 
900 

100 to 1,000 
250 

800 to 1,000 
900 

180 to 250 
200 

160 to 225 
180 

130 to 200 
160 

150 to 225 
180 

160 to 300 


Steel content over 40. 
Copper. 


Malleable iron: 
Hard. 


Medium. 


180 to 350 
220 

.300 to 1,000 maximum machining 
speed 
300 to 800 
600 

150 to 225 
180 

160 to 300 


Plastics. 


500 to 1,500 
800 


Steel: 

Carbon and alloy cast. Consult carbide supplier 

Zinc alloy die castings. 300 to 1,000 

500 

Suggested range of feeds expressed as feed per tooth and 
recommended starting feed per tooth in inches, as applied 
to face mills 

Roughing. 0.012 to 0.017 inch 

Start. 0.012 inch 

One-pass finish. 0.008 to 0.012 inch 

Start. 0.008 inch 

Finishing. 0.005 to 0.010 inch 

Start. 0.005 inch 
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absorb all the forces created by clamping and cutting without 
springing or deflecting the milling-machine table; (2) absorb the 
vibration developed by the cut. The construction of the milling 
fixture should allow for free flow of chips. 

Cutting speed is dependent upon: (i) the design of the milling 
cutter; (2) the rigidity of the machine and its condition, and the 
power available; (3) the rigidity of the fixture, or the method of 
clamping the part; (4) the material from which the part is made 
and its hardness, the rigidity of the part and the amount of stock 
removed; and (5) the length of intervals desired between each 
resharpening of the cutter. Production requirements may make 



Fig. 5.—Face mills for close-limit work. 


long intervals or short ones between grinds desirable. When a job 
is set up for given starting speeds and feeds it should also be run 
at speeds above and below these speeds and feeds to determine 
which gives the most economical production. A cutter run at the 
maximum economical speed tends to eliminate the built-up edge 
and thereby gives a freer cutting action. 

The proper rate of feed for milling a given piece of work with a 
cemented carbide-tipped milling cutter is dependent on several 
factors. Some of these are: (i) the machine used; (2) the power 
available—if all other conditions are satisfactory, the feed rate is 
limited only by the capacity of the motor; (3) design of the milling 
cutter; (4) the fixture used or rigidity in clamping; (5) the shape, 
rigidity, and hardness of the part being machined; (6) production 
rate—this should not be too low to give a light chip; (7) the degree 
of finish r^uired, and (8) the depth of cut. 

The logical method for determining the rate of feed in inches per 
minute for any milling cutter is to start from the feed-per-tooth 
basis. The feed per tooth multiplied by the number of tooth 
passages per minute (number of teeth in cutter times spindle feed 
in r.p.m.) will furnish the approximate starting feed in inches 
per minute to be set on the machine. This can be obtained without 
computation from Tables 4 and 5. 

When a job is set up for a given starting feed which, it is esti¬ 
mated, will produce the desired degree of finish, it should also be 
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run at feeds above and below the starting feed to determine which 
produces the most economical results. 

Face mills that have a 15-degree chamfer on the corner of the 
teeth and run true on the face will produce a degree of finish that 
increases as the rate of feed decreases. When these face mills are 
ground with a 3- to 5-degree lead angle between the straight side, 
or face, and the 45-degree chamfer, the mill will produce the same 
degree of finish at an increased rate of feed, all other conditions 
remaining identical. 

In Figs. 4 and 5 are shown two types of face-milling cutters. 
Figure 4 is a cutter for general-purpose milling, whereas Fig. 5 shows 
a cutter ground fof special work requiring close limits. 

The lead angle reduces the feed marks or revolution marks to a 
minimum. Decreasing the feed per tooth, or grinding a lead angle 
on the face of a cutter reduces the chip thickness, which in turn 
increases the abrasion at the cutting edge and decreases the cutter 
life. Always use the maximum feed possible that will give the 
desired finish on any milling operation. 

The dulling of any cutter is dependent on the number of con¬ 
tacts a given tooth makes with the work. When an increased feed 
per tooth is used, all other conditions remaining the same, more 
material is removed for the same tooth wear. 

Cemented-carbide-tipped milling cutters are capable of working 
in the surface scale of most castings practically as easily as the 
inner or softer material. In milling a scaly material, the increased 
feed per tooth will break up the scaly surface ahead of the cutting 
edge, so that the cutting edge will have reduced contact with the 
scaly surface. For this reason, it is necessary to allow only ^- 
to J-inch stock for machining instead of following the older practice 
of allowing i to i inch. This may often permit the use of a one- 
pass finish (rough and finish cut combined). 

Mounting the Cutter on the Spindle Nose.—The satisfactory 
performance of any face mill is dependent on its proper mounting 
on the machine spindle or arbor. This mounting should be the 
same as that used for sharpening and inspection. Whenever 
possible it should be fastened airectly to the spindle nose either by 
bolts or by a nut arbor. The face of the spindle nose should be 
flat, smooth, and free from nicks and burrs. Any portion of either 
the machine spindle or centering plug or arbor supporting the face 
mill that in any way comes in actual contact with the face mill 
should run true. No other portion of the machine spindle, center¬ 
ing plug, or arbor should have rigid contact with the face mill in 
any way. The necessary keys for driving, and the bolts, nuts, or 
screws used for clamping, should have only a slidable or self-adjust¬ 
ing contact with the face mill, so that they will in no way bind and 
force the face of the mill to run out. (See Figs. 6 to 9 for details.) 

Production milling data accumulated to date from milling with 
cemented carbide-tipped face mills indicate that, when it is neces¬ 
sary to use a coolant, a solution of soluble oil offers the best results. 
A soluble oil solution carries away the heat two to three times as 
fast as the usual cutting oils. 
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Fig. 6.—Face mill centered by outer diameter of spindle. 
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Face mill centered by plug in spindle. 
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On most face-milling operations where it is necessary to use a 
coolant, it should be a flood and not a trickle. A slight flow of 
coolant is detrimental to cemented carbide and results in cutter 



Fig. io. —A single stream of coolant sometimes leads to trouble. 


failure. Proper splash guards should be provided to protect the 
operator. A single stream of coolant as in Fig. lo is never 
satisfactory. 

On wide cuts, a nozzle having a semicircular shape located roughly 
as shown in Fig. 11 is suggested. The inner circumferential portion 



Fig. II. —Semicircular nozzles keep face-mill teeth cool. 


of the nozzle has large drilled holes or elongated slots angularly 
positioned to direct the flow of coolant at high velocity against the 
cutting teeth. This keeps all cutting teeth cool and holds the 
machine's down time to a minimum. The nozzle should be posi- 
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tioned so as not to interfere with the flow of chips away from the 
work. 

Two methods of mounting cutters on the face of the spindle are 
shown in Figs. 6 and 7. In Fig. 6 the cutter is centered by the 
outer diameter of the spindle nose, and in Fig. 7 the cutter is 
centered by a plug held in the taper of the spindle. In either case 
the face of the milling cutter must run true with the face of the 
spindle. Both methods use capscrews to hold the cutter against 
the face of the spindle. 

Two other methods are shown in Figs. 8 and 9. In Fig. 8 the 
cutter is centered hy the nose of the taper arbor; this is held in the 
spindle by the draw-in bolt, which must be tight. Here the cutter 
seats against the face of the spindle. 

In Fig. 9 an arbor having a collar is used, this acting as an 
adapter between the milling cutter and the milling-machine spindle. 
In both cases the actual driving of the cutter is done by the keys 
on the face of the spindle, which should have uniform contact with 
both drive key slots in the milling cutter or in the collar of the 
arbor, as in Fig. 10. 

Causes and Elimination of Chatter.—Chatter may be caused by 
improper sharpening. It can sometimes be eliminated by reducing 
the cutting relief angles. In other cases the motor on the machine 
may be working beyond its normal capacity, so that the flow of 
power fluctuates. 

Another cause of chatter is too much contact between the cutting 
edge of the teeth on the cutter and the surface of the work. In 
these cases chatter frequently can be reduced by resharpening. 
Varying the size and angle of chamfer may correct it. 

The work may not be clamped firmly. If the part includes thin 
sections, more support is required behind such sections to prevent 
vibration. Chatter may be caused by too light a fixture, or by 
loose gibs in the knee of the miller. 

Increasing the rate of feed will often eliminate chatter. Often 
a flywheel mounted on the cutter spindle will neutralize chatter or 
the use of braces connected to the overarm may eliminate it. 

A dull cutter should never be used, because it consumes increas¬ 
ingly more power, leaves an inferior finish, and may destroy the 
accuracy of the part being machined. It is false economy to allow 
the cutter to become dull to such an extent that a heavy grind is 
necessary, for more time is required to sharpen a very dull than a 
slightly dull cutter, and valuable carbide is wasted. 

It is an economy to remove the cutter for sharpening as soon as 
the cutting edges become slightly rounded and leave a poor finish. 
Many plants determine some definite number of hours^ run for 
the cutter before it becomes extremely dull, and then remove it for 
sharpening. Machine down time can be held to a minimum if this 
change period comes at the time of a shift change. 

BROACHES 

Tooth shape and smoothness are two essentials of good broach¬ 
ing. Except for broaches used in cored holes, wear should not 
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(Wrong -except Must end in face Grind 



Fig. 12.—Methods of sharpening broach teeth. 


Table 6.—Dimensions for Round and Spline Broaches 



^Radius and finish mu si be 
such ihai all lines blend 
smoolhly 


Cut Length 
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exceed 0.005 inch before resharpening. Hook angle is important 
but on small broaches depends somewhat on the grinding wheels 
that can be used. 

Hook angles increase with the ductility of the material. Sug¬ 
gested hook angles are: cast iron, 6 to 8 degrees; hard steel, 10 
degrees; soft steel, 15 degrees; aluminum 15 degrees or more; brittle 
brasses and bronzes, no hook to minus 5 degrees. 

The manner of grinding is also important. The original hook 
angle should be maintained and the depth of the space should not 
be increased. The illustrations explain themselves. When the 
grind is confined to the upper part of the tooth, as in Fig. 12, it 
acts as a chip breaker. Grinding should be on the face of the 
tooth except for broaches that slab, or finish outside surfaces, for 
this does not affect size. For this work the rake is sometimes 
increased to 3^ degrees. 

General dimensions for round and spline broaches are given in 
Table 6. 


TURRET LATHE TOOLS 

Table 7.—Suggested Cutter Angles for Turret Lathe Work 
(In Degrees) 


jSide rake 


. /Back rake 



r 



-/.k 

^S/de 

clearance 

^ronl clearance 


Side 

Front 

Back 

Side 


Clearance 

Clearance 

Rake 

Rake 

Cast iron. 

8 

8 

r 

12 

Copper. 

12 

10 

20 

25 

Brass. 

10 

8 

0 

0 

Hard bronze. 

8 

8 

0 

0 to 2 

Aluminum. 

10 

8 

35 

15 

S.A.E. 1315. 

10 

8 

15 

20 

S.A.E. 1045. 

8 

8 

12 

15 

S.A.E. 2315. 

8 

8 

I? 

15 

S.A.E. 3140. 

8 

8 

10 

I 2 

S.A.E. 3250. 

8 

8 

8 

1 2 

S.A.E. 4140. 

8 

8 

12 

15 

S.A.E. 6145. 

8 

8 

8 

12 

Stainless steel. 

10 

8 

15 

10 


Warner and Swasey. 

Cutting Angles for Turret Lathe Tools.—Table 7 gives suggested 
cutter angles for turret lathe tools for machining cast iron, steels, 
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and nonferrous metals. The table covers angles for side clear¬ 
ance, front clearance, and back and side rakes. 

USING CARBIDES ON OLDER MACHINE TOOLS 

Cutting Speeds.—It is stated by authorities that there is no 
reason why older types of machines in good condition—such as 
boring mills and turret lathes—cannot be adapted readily to the 
use of carbide tooling. The main consideration in old equipment, 
as well as in the new types of machine tools, is that the machine 
must be able to run fast enough—and smoothly enough at that 
faster speed. 

The main objective to keep in mind in cutting steels with carbides 
is that the cutting speed be high enough to prevent the forming of a 
“built-up” edge. This means an average cutting speed in the 
neighborhood of 200 feet per minute (the lower the carbon, usually, 
the higher the speed). 

Checking Old Machines.—The adaptability of an available 
tool to the use of carbides can be checked by the following con¬ 
siderations: 

It takes more power to run at the higher speeds required—to 
remove metal at a faster rate. It takes more power, also, to cut 
steel than to cut nonferrous metals or cast iron. Horsepower 
requirements may be calculated by the following formula: 

H.P. per tool = depth of cut in inches X feed in inches X (sur¬ 
face feet per minute) X (power constant). 

The power constant varies from 6 to 10, depending on the steel 
to be cut, as follows: 


Steel 

Constant 

Steel 

Constant 

1010 to 1025 

6 

3115 to 3130 

8 

1030 to 1095 

8 

3135 to 3450 

9 

III2 to 1120 

6 

4130 to 4820 

9 

X1314 to X1340 

8 

5120 to 52100 

10 

T1330 to T1350 

9 

6115 to 6195 

10 

2015 to 2320 

7 

Cast steel 

9 

2330 to 2350 

9 




The power required to operate the machine at speed with tools 
not cutting must be added, of course, to obtain motor horsepower. 
This requirement is usually figured as 30 per cent of the horsepower 
required for cutting. 

Then belts, clutches, etc., should be checked for ability to trans¬ 
mit the horsepower to the spindle. Clutch fingers should be 
adjusted to prevent slipping and stalling. When the machine is 
equipped with a flat belt, it may be changed to a V belt drive, 
making sure that the number of belts is adequate. 

Note : If the machine stalls in the cut, loosen the holding screws 
and remove the tool from the cut to prevent breakage. Do not 
attempt to move the work or try to back the tool out of the cut. 
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The high speeds make it advisable to use an antifriction tailstock 
center. Spindles should be checked for adequate lubrication at 
the higher speeds at which they will operate. Solid supports 
should be used under the tools in place of rocker tool plates, and 
shims should be used to keep the tool at proper cutting height. 

To handle the increased volume of chips, where openings in 
machine bands and around tool blocks are small, sheet-metal 
chutes are useful to prevent chips from clogging slots and pockets; 
and chip breakers can be used where size of openings require 
production of small chips. 

Excessive tool clearances that might cause chatter at the higher 
cutting speeds an^ worn bearings, slides, and ways should be 
corrected. Where it is impractical to tighten the machine up 
sufficiently to eliminate all chatter, a certain amount can be cor¬ 
rected by the use of negative rakes in the tools. 

COOLANTS FOR CARBIDE TOOLS 

Usually, increased cutting fluid capacity and flow are required 
when machining with carbide-tipped tools, because of the very high 
speeds at which machines can and should be operated when cutting 



Note increased secondary 
clearance to facilitate coolant 
reaching cutting edge 




Method for Providing 
Individual Coolant Supply 
to each tool 

Fig. 13.—Using coolants on carbide tools. 

with such tools. Not only should the pump have sufficient capacity 
to supply large volumes of the fluid under sufficient pressure to 
cool the tool and work adequately, but the cutting fluid must be 
so directed that it will not be carried away from the tool by the 
fast-moving chip. Several ways of directing the fluid are shown 
in Fig. 13. 
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The prime requisite of a cutting fluid for use with carbide-tipped 
tools is cooling quality. A good soluble oil works well. Cutting 
oils are used but in some cases are objectionable because of the 
smoke developed. It is reported that straight cutting oils are 
not good coolants at speeds in excess of 200 surface feet per minute; 
however, where chip pressures are high and lubricating qualities of 
oils are desirable, large volumes can be used to enhance cooling. 

SMALL END MILLS 

Speeds.—The growing use of the small high-speed heads for 
milling machines makes it necessary to use sufficient speed if best 
results are to be obtained. Table 8 gives what Kearney & Tracker 
call the Weldon chart to be used with the high-speed attachment 
made for their machines. 


Table 8.~The Weldon Chart of Approximate Speeds for 
End Mills 


Diameter of 

End Mill, in Inches 

Tool Steel 

70 Ft. per Min., 
R.p.m. 

Machine Steel 

80 Ft. per Min., 
R.p.m. 

Cast Iron 

90 Ft. per Min., 
R.p.m. 

A 

4,276 

4,888 

5,498 

A 

2,855 

3,259 

3,688 

i 

2,140 

2,440 

2,750 

P 

1,420 

1,625 

1,830 

i 

1,070 

1,222 

1.375 

A 

856 

978 

1,100 

i 

713 

81S 

917 

A 

6II 

698 

786 

h 

535 

611 

688 

A 

475 

543 

611 

1 

428 

489 

550 


389 

444 

500 

i 

357 

407 

458 


CUTTING LIQUIDS 

From 3 to 5 gallons of cutting liquid per minute should be sup* 
plied to each single point tool. Some report that sulphurized oils 
are detrimental to carbide tools. On complicated machines such 
as automatics and gear cutters a rich emulsion, using only 10 parts 
of water instead of the usual 20 to 40 parts, is recommended. 



SECTION V 

GRINDING-WHEEL MARKINGS 


The desirability of a uniform system for marking grinding wheels 
has long been reco^ized. On several occasions such systems have 
been given actual trials in selected groups of consumer plants. The 
last attempt showed promise. After a year’s trial it w^as submitted 
and subsequently approved under American Standards Association 
procedure as an American Standard (B5.17—1943). Satisfactory 
reports from the limited number of plants in which it was tried 
proved premature, as in extending its use to other plants reactions 
were brought out indicating shortcomings. 

The committee of the Grinding Wheel Manufacturers Associa¬ 
tion is of the opinion that the principal reasons for the failure of 
the American Standard were that confusion existed because it was 
not made clear that wheels similarly marked, if made by different 
manufacturers, would not grind alike. 

However, the grinding wheel manufacturers are agreed that much 
good can be accomplished by use of a uniform system of markings, 
provided the limitations of the system are clearly understood. The 
standard, submitted herewith, is a standard of markings only and 
not of grinding action. The most important revision was the 
adoption of an alphabetical marking system, for all bond types, to 
designate grade of hardness. Better provision was made for the 
wheel maker to incorporate into the marking such special symbols 
as might be required to properly qualify the basic symbols of the 
standard markings. 

Members of the Grinding Wheel Manufacturers Association have 
voted to adopt this system. The individual members will start 
putting it into effect as soon as expedient, but months may be 
required to make the transition complete. During this period and 
perhaps for a considerable time thereafter, wheels may be marked 
with both the new standard and the wheel maker’s own marking. 
This is referred to in the standard as “dual marking.” It is 
intended that the Dual System will eventually be abandoned and 
that the new Standard Marking alone will be found to be adequate. 

This was submitted to all grinding wheel consumers as a Grinding 
Wheel Manufacturers Association standard, March 16, 1944. 

PURPOSE AND SCOPE 

This standard applies to grinding wheels and other bonded 
abrasives: segments, bricks, sticks, hones, rubs, and other shapes, 
which are tools used to remove material, alter shape or size, produce 
a desired surface or accuracy of dimension, or a combination of 
these objectives. 
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The standard does not apply to diamond wheels or to specialties 
such as sharpening stones wWe radically different symbols are 
commonly used. 

The Standard establishes a symbol for each of the most essential 
characteristics of a grinding wheel, and arranges these symbols in 
uniform sequence. 

This is a standard system of markings only. Wheels bearing the 
same standard markings if made by different wheel manufacturers 
may not and probably will not produce the same grinding action. 
This desirable result cannot be accomplished because of the impossi¬ 
bility of correlating any measurable physical properties of bonded 
abrasive products in terms of their grinding action. 

Sequence of Markings.—Each marking will consist of six parts, 
placed in the following sequence: 

1. Abrasive type. 

2. Grain size. 

3. Grade. 

4. Structure. 

5. Bond type. 

6. Manufacturer’s record. 

1. Abrasive .—Abrasives naturally fall into two distinct groups, 
namely the aluminum oxide group and the silicon carbide group. 
Letter symbols are used to identify these two groups, as follows: 

A Aluminum oxide. 

C Silicon carbide. 

Where it is necessary to designate some particular type of these 
broad classes, the manufacturer may use his own symbol or brand 
designation as a prefix. 

2. Grain Size .—Grain size is indicated by a number. 

The following list (from coarse to fine) includes all of the ordinary 
grain sizes commonly used in the manufacture of grinding wheels. 

10, 12, 14, 16, 20, 24, 30, 36, 46, 54, 

60, 70, 80, 90, 100, 120, 150, 180, 220 

The following additional sizes are occasionally used: 240, 280, 
320, 400, 500, 600. 

If and where it is necessary to indicate a special grain combina¬ 
tion, the wheel maker may use an additional symbol appended to 
the regular grain symbol. 

3. Grade .—The grade is indicated by a letter of the alphabet, 
A to Z, soft to hard, in all bonds or processes. 

4. Structure .—The use of a structure symbol is optional. If and 
where it is advisable to indicate the structure in a wheel marking, 
a simple nunjber symbol shall be used. Numbers from i to 15 will 
cover the range of structures being used today, but there is no 
reason why higher numbers cannot be used if necessary. Progres¬ 
sively higher numbers are used to indicate progressively wider grain 
spacing (sometimes called **more open” structure). 

$. Bo^ or Process .—The bond or process is designated by the 
following letters: 
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V Vitrified. 

S Silicate. 

E Shellac or elastic. 

R Rubber. 

B Resinoid (synthetic resins). 

O Oxychloride. 

6 . Manufacturer's Record. —Manufacturer’s records are desig¬ 
nated by symbols. Each grinding wheel manufacturer is at liberty 
to use the sixth position for private factory records. 

Dual Marking. —Where the standard method of marking differs 
materially from tl^^ old form, it may be advisable to use both the 

STANDARD MARKING SYSTEM CHART 

S«qu«nce 123456 

PnlU AW«itM GnOa G.Mi. <ttuc<ur. Bond Monurudunr** 

T/po SIm Tjrpo RMont 


51 - A -36 - L- 5-V-23 



ABCDEFGHIJKUMNOPQRSTUVWXYZ 


ORADC SCALE 

old and the new markings during the introductory period, and per¬ 
haps for a considerable time thereafter. This would enable the 
user to become accustomed to the conversion gradually. 

Where wheels are too small to permit the use of the complete 
marking, the grain and grade marking alone may be used on the 
wheel, or the marking on the wheel itself may be omitted entirely. 
Where this is done, the complete marking (including the dual mark¬ 
ing where necessary) shall be indicated on tags or labels accompany¬ 
ing each container. 

Wheel Manufacturer’s Name. —Because of the greater similarity 
in marking that will result in many cases from the use of this system, 
it is important that the user include in his records the name of the 
wheel maker as a part of the marking. 

ABRASIVE CUTTING 

Special Wheels .—Abrasive wheels for cutting should be made 
especially for their work. For dry cutting the Andrew C. Campbell 
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Division of the American Chain and Cable Company recommend 
a surface speed of 15,000 feet per minute as being twice as effective 
as a speed of 9,000 feet per minute. For wet cutting 8,000 feet 
per minute is about the limit if coolant is to be retained on the 
wheel in sufficient quantities to be effective. Efficiency of a wet 
wheel drops much less with speed reduction than a dry wheel. 

Use only wheels made especially for the type of cutting-off 
machine for which they were designed. It is just as much an 
engineering problem to design and make a wheel for a special 
job as it is to design and make a milling cutter. 

Estimates as to cutting time may be made on the basis of 6 sec¬ 
onds cutting time per square inch of material up to sizes of 3 square 
inches. Larger sizes require somewhat more time. Wheel costs 
can be estimated as from 0.003 0.005 cent per square inch up to 

3 square inches and from that up to 0.007 cent per square inch on 
larger sizes. These estimates apply particularly to the types of 
machine built by the American Chain and Cable Company. 

Abrasive Saws or Cutting-Off Wheels. —Abrasive wheels used 
as saws for cutting metal or other rods or tubes are usually from 
10 to 18 inches in diameter. Some, made for slitting pen nibs, are 
only 0.005 i^ch thick. Regular thicknesses are i, and ^ inch. 

GRINDING WHEELS 

Care of Grinding Wheels. —It should be remembered that 
truing and dressing are entirely different. A new wheel must be 
trued after it is mounted on its spindle and should stay true until 
worn out. 

Wheels should be dressed as soon as the grains of abrasives in 
the face of the wheel become dull. The diamond wheel dresser 
cuts away the dulled grains and presents a new sharp cutting 
surface. 

Before dressing, as before grinding, the machine should be 
warmed up by running it for 10 minutes or more. With a cold 
machine the oil films are not complete and the parts have not 
expanded to running temperature. 

When truing a new wheel, or a badly worn wheel, start the 
diamond cutting at the center and work both ways until the face 
is true. If the cut starts at a worn corner it throws too much 
work on the diamond when it gets to the center. 

The diamond must be rigidly supported and should be turned 
frequently to present new sharp points to the wheel. A large 
diamond will absorb more heat than a small one and should be 
used where possible. 

The diamond should meet the wheel at a slight angle. For a 
high finish on the work, pass the diamond across the face slowly. 
For rapid stock removal, move the diamond across the wheel face 
at a good rate. 

Use plenty of coolant while the diamond is in use. It will 
prevent fractures iiLthe diamond from overheating. Reset the 
diamond after it is worn excessively, or if the setting is accidentally 
ground away. 
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Diamonds leave marks on the face of the wheels. These are 
often reproduced in grinding soft metal. For a high finish on 
aluminum and magnesium, use a mechanical wheel dresser. 

Grinding.—The rate of travel of the work past the wheel affects 
the finish. For rough grinding the work can travel nearly the 
width of the wheel face at each revolution. 

For ordinary finishing the travel of the work carriage should not 
exceed J inch for each revolution of the wheel. To secure the 
extra-fine mirror finish the work speed may have to be reduced as 
low as J inch for each revolution of the work. 

Variation in materials and general characteristics of the work 
prevent the laying ^down of any fixed rules as to work-carriage 
speeds. If the travels suggested do not give desired results, it 
will be necessary to experiment with variations in both directions. 

Work Speeds.—No hard and fast rules for work speeds can be 
given. For average conditions the work speed will range from 60 
to 100 surface feet per minute. Some suggested variations follow. 


Work 
Speed, in 
Feet per 

Kind of Work Minute 

Unbalanced work, such as crankshafts. 35 to 45 

Irregular shapes, such as camshafts 

Roughing. 30 

Finishing. 15 

Aluminum, such as pistons. 100 to 200 


Work speed can also be varied to secure different wheel effects. 
If the only wheel available is softer than desired, a slower work 
speed tends to give it the effect of being harder. A higher work 
speed gives a hard wheel the effect of being softer. 

High work speed and low traverse speed allow a greater depth 
of cut. 

Work speed is particularly important when formed wheels are 
used. This is because comparatively small variations in wheel 
diameter cause great variations in the speed of the different por¬ 
tions of the wheel. The best that can be done is to consider the 
wheel speed at the average diameter of the wheel and select the 
work speed accordingly. The foregoing suggestions are made by 
the Landis Tool Company. 

Wheels for Thread Grinding.—The growth of thread grinding 
makes the use of the best wheels an important item. According 
to A. Rosseau of the Norton Company, vitrified wheels should be 
used where the tolerances are close on either form or lead. This 
includes gages, lead screws, and precision taps. They should also 
be used for worms where several light cuts are taken and iox internal 
thread grinding. 

Resinoid-bonded wheels are recommended for high-production 
jobs or where the work must be finished with the fewest possible 
cuts but where extreme accuracy is not required. 

Grit is controlled largely by the pitch of the thread to be ground. 
Table 4 shows the wheels suggested, based on the width of the root 
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of the thread, which is the determining factor. The material being 
ground may help determine the grit to be selected. High-speed 
and other hard steels seem to grind better with finer grit wheels, 
even where the threads are relatively coarse. Lower wheel speeds 
are advised on these hard steels and where a fine finish is important. 
Light feeds and high work speed call for finer and harder wheels 
than heavy feeds and slow work speeds. 

On tough steels slow work speeds and few passes are usually best. 
On such material lo- or 12-pitch threads are ground in two passes, 
and at times in a single pass with a work speed of to 2 feet per 
minute. Screws of 18 pitch and finer are often ground at a single 
pass. 

Both vitrified and resinoid wheels are being operated at speeds 
from 6,500 to 12,000 surface feet per minute. High speed seems 
to make a fine-grit wheel remove stock faster. Safety must always 
be considered, and no wheel should be run faster than the maker’s 
recommendations. 


Table i,—Relationship of Grit Size to Root Width 


Root Width, in Inches 

Grit Size 

Vitrified Wheels 

Resinoid Wheels 

0.003 

220 

180 

0.004 

180 

150 

0.005 

150 

120 

0.006 

120 

120 

0.007 

120 

100 

0.008 

100 

100 

0.009 

100 

90 

O.OIO 

90 

90 



SECTION VI 


GEARING 

BEVEL GEARS 

A recent development in bevel gearing is the Zerol gear tooth 
of the Gleason Works. This is a curved tooth with no spiral angle. 
This gives the advantages of a continuous contact and avoids 
concentrated loads on the ends of the 
teeth in case of slight misalignment. This 
is shown in Fig. i. 

The Gleason Works have also developed 
the Formate gear tooth as a feature of the 
spiral-gear system. With the Formate 
tooth form only the cutter moves, the gear 
blank remaining stationary during the 
cutting of each tooth. The mating pinion 
or gear, however, is cut in a regular spiral- 
gear generating machine to match the 
Formate tooth. 

Machines are now available for grinding 
the teeth of spiral bevel gears after harden¬ 
ing. The generating method differs from 
that formerly used, combining a continuous rotation of the work 
spindle with a reciprocating motion of the cradle that carries the 
grinding wheel. 

ANGLE OF WORM THREADS AND HELICAL GEAR TEETH 

Terminology. —Confusion sometimes arises from different inter¬ 
pretations of the terra “thread angle.” This was formerly con¬ 
sidered as the angle between the thread and a line at a right angle 
to the axis of the worm. The present practice is to use the term 
“helix angle” for this measurement. 

By the old method the worm would be said to have a thread 
angle of 3 degrees, while present practice refers to it as having a 
helix angle of 87 degrees. 

Confusion is also caused by the use of both helical and spiral for 
gears with teeth not parallel with the axis. As the only spiral is 
a clock spring or scroll, the use of helical is correct. Those who 
still use the term “spiral” refer to the angle as a “spiral angle” 
and so cause some confusion because we use “helix angle” for the 
same measurement. 

Helical gears usually have a helix angle of less than 45 degrees. 
Single-thread worms may have a helix angle as high as 85 degrees. 

1425 
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Calculations are therefore frequently based on the complement of 
the angle instead of using the large value of the angle itself, for 
it is easier to handle in calculations. In this case we use the term 
“lead angle” instead of helix angle. This is used frequently in 
connection with worm gears. 

In screw-thread practice however, the helix angle is the angle 
between the thread and a line at right angles to the axis of the 
screw. Thread angle in this case is the angle between the sides 
of the thread. It is unfortunate that the same terms are not used 
for the same geometric values in both gear and thread practices. 


HOURGLASS WORMS 

The hourglass type of worm is a very old idea. It was probably 
first used in this country in the 1890’s by the Albro-Clemm Ele- 



Fig. 2.—Cone worm and wheel. 


vator and was known as the “Hindley” worm. It was cut in 
a lathe by a tool, or tools, held in a cutter head that represented 
the worm wheel. The tool head revolved as the worm turned and 
cut the thread on the worm to match the contour of the worm wheel 
with which it was to run. In its first form, this type of worm caused 
considerable controversy but made little headway. Somewhat 
similar methods were used by the Rock Island Arsenal in the early 
1900’s. 

The present hourglass worm, known as the “ Cone,” is cut with 
rotating cutters in a special machine built by the Michigan Tool 
Company. The worm wheels are cut with hobs of the hourglass 
form. A typical layout for a Cone worm and gear is shown in 
Fig. 2. The recommended backlash and tolerances for center 
distance, gear side position, and worm end position, are shown in 
Table i. 
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Cone Gear Tolerances.—Cone gears are not more sensitive to 
misalignment than conventional worm gearing. Any center-dis¬ 
tance assembly errors affect the capacity and efficiency of Cone 
drive gears to the same extent that they affect conventional worm 
gearing. Since the gears of both types are throated, it is necessary 
to hold their side positions within reasonable limits. And since 
the Cone worm is also throated, it must similarly be held within 
the same reasonable limits as for the gears of either type. How¬ 
ever, Cone drives have the advantage that both worm and gear 
are regenerative and therefore tend to correct themselves if assem¬ 
bled in a misaligned position. 

Table i.—Recommended Backlash of Cone Gears 


Center 

Distance 

Standard 

Backlash 

Number of Teeth 
in Gear 

3.000 

0.003 to 0.005 

1 

24 to 30 

4.000 

0.004 to 0.006 

25 to 31 

5.000 

0.005 to 0.007 

27 to 33 

6 .000 

0.006 to 0.008 

28 to 35 

8,000 

0.008 to 0.010 

29 to 37 

10.000 

0.010 to 0.015 

30 to 40 

I2.000 

0.015 to 0.020 

32 to 45 

13 • 500 

0.015 to 0.020 

36 to 52 

I5.000 

0,015 to 0.020 

40 to 55 

18.000 

0.020 to 0.025 

43 to 60 

20.000 

0.020 to 0.025 

45 to 66 

22.000 

0,025 to 0.030 

48 to 70 


Tolerances for Center Distance, Gear Side Position, and 
Worm End Position 

Center distances up to 6 inches. -fo.ooi or —0.001 inch 

Center distances from 6 to 15 inches. -j-0.002 or —0.002 inch 

Center distances more than 15 inches. -j-0.003 or —0.003 inch 

The side position of the gear and end position of worm should 
be held to the same tolerances as for center distance. 

All Cone drives are cut on accurate adapters that are ground to 
close limits. The blueprint dimension for center distance, side 
position of gear, and end position of worm may therefore be 
regarded as exactly correct. 

GEARS 

Gear-Tooth Clearances.—Gear-tooth clearances in fine-pitch 
gears are important if backlash in fine mechanisms is to be pre¬ 
vented. The American Gear Manufacturers Association recom¬ 
mends the following formula for gears having very fine teeth. The 
formula is 

0.200 inch . . , 

Clearance « -r. - r—i—+ 0.002 inch. 

diametral pitch 
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This makes the desired clearance for a gear having 40 diametral 
pitchy 0.200 divided by 40 = 0.005. Adding 0.002 gives 0.007 
inch. 


GEAR MEASUREMENT BY WIRES 

The H. L, Van Keuren Co. have prepared the following tables 
for use with suitable measuring wires. These are based on formulae 
by Earl Buckingham and approved by the American Gear Manu¬ 
facturers Association. The tables were computed by Dr. C. H. 
Havill of Eclipse Aviation Co. and are believed to be more accurate 
than any previously available. Wire sizes are given in Table 2. 
Tables 3, 4, 5, and 6 need no explanation. Table 7 gives new 
values for some of the parts of Fellows stub teeth. 

Examples. —An even-toothed external gear of 26 teeth, 12 
diametral pitch, i4J-degree pressure angle is measured with 0.144 
inch diameter wires. P'rom Table 3 the measurement for i D.P. 
is 28.4315 inches. For 12 D.P. the measurement over the wires 

should be — 2.3693 inches. If the actual measurement is 

2.3650 inches, the pitch diameter of the gear is 2.3693 — 2.3650 
= 0.0043 i^^ch undersize. 

An odd-toothed external gear of 35 teeth, 16 diametral pitch, 
20-degree pressure angle is measured with 0.108 inch diameter wires 
which, when placed in the gear, are not diametrically opposite by 
i tooth interval. From Table 4 the measurement for i D.P. is 
37.3802 inches. For 16 D.P. the measurement over the wires 
27. •2802 

should be — = 2.3363 inches. 

An odd-toothed internal gear of 51 teeth, 8 diametral pitch, 
20-degree pressure angle is measured with 0.180 inch diameter 
wires which, when placed in the gear, are not diametrically opposite 
by a i-tooth interval. From Table 6 the measurement between the 
wires for i D.P. is 49.6409 inches. For 8 D.P. the measurement 

between the wires should be — = 6.2051 inches. 

o 

Allowance for Backlash 

The measurements over the wires given in the following tables 
are for gears of the theoretical standard size, or without backlash. 

Backlash, space, or play is often specified in a pair of mating gears 
in order to provide for permissible tolerances in the pitch diameter 
and in the shape or thickness of the gear teeth. A certain amount 
of backlash will insure that the gears will operate at their proper 
center distances. Backlash may be defined as the shortest distance 
between the nondriving surfaces of mating gears. 

Backlash is provided by cutting the teeth thinner or, what 
amounts to the same thing, by reducing the pitch diameter of the 
gear. In the majority of cases, the teeth of both mating gears are 
cut thinner by one-half of the total backlash desired. Where very 
small pinions are used, all of the backlash is often obtained on the 
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Table 2.—Gear Wire Sizes 


D.P. 

Wire Diameter for 
External Gears 
^ 1.728 

^ ’ D.P. 
in Inches 

Wire Diameter for 
Internal Gears 

^ 1.44 

^ “ D.P. 
in Inches 

2 

0.864 

0.720 


0.6912 

0.576 

3 

0.576 

0.480 

4 

0.432 

0.360 

S 

0-3456 

0.288 

6 

0.288 

0.240 

7 

0.24686 

0.20571 

8 j 

0.216 

0.180 

9 

0.192 

0.160 

10 

00 

d 

0.144 

II 

0.15709 

0.13091 

12 

0.144 

0.120 

14 

0.12343 

0.10286 

16 

0.108 

0.090 

18 

0.096 

0.080 

20 

0.0864 

0.072 

22 

00785s 

0.06545 

24 

0.072 

0.060 

28 

0.06171 

0.05143 

32 

0.054 

0.045 

36 

0.048 

0.040 

40 

0.0432 

0.036 

48 

0.036 

0.030 

64 

0.027 

0.0225 

72 

0.024 

0.020 

80 

0.0216 

00 

M 

0 

d 


These jpjear-measuring wires are ij inches long and are held within 25 mil¬ 
lionths of an inch for roundness and exact size. 

They are standardized at i pound pressure between flat measuring 
contacts. 

Note: —The Fellows stub tooth is expressed as a fractional D.P., such as 
The numerator 7 represents the D.P. that is used for figuring the circular 
pitch and the pitch diameter, and the denominator 9 is the D.P. that is used 
to figure the addendum and the dedendum. A 7 D.P. gear wire should 
therefore be used for a J D.P. Fellows gear. 
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Table 3.—External Gears. Even Teeth 

Measurements over Wires for i D.P. External Spur Gears with 

Wires Inches in Diameter 


For Any Other Diametral Pitch, Divide Measurements Given in 
the Tables by the Diametral Pitch 
All Measurements in Inches 


No. of 
Teeth 

14I Degrees 

17 i Degrees 

20 Degrees 

25 Degrees 

30 Degrees 

6 

8.2847 

8.2927 

8.3020 

8.3298 

8.3751 

8 

10.3160 

10.3196 

10.3266 

10.3505 

10.3918 

10 

12.3400 

12.3396 

12.3445 

12.3658 

12.4038 

12 

14-3590 

14-3552 

14.3578 

14.3768 

14.4123 


16.3746 

16.3677 

16.3680 

16.3847 

16.4173 

16 

18.3877 

18.3780 

18.3765 

18.3908 

18,4216 

18 

20.3989 

20.3866 

20.3837 

20.3958 

20.4254 

20 

22.4086 

22.3940 

22.3899 

22.4000 

22.4287 

22 

24.4171 

24.4004 

24-3953 

24.4036 

24.431S 

24 

26.4247 

26.4060 

26.4000 

26.4067 

26.4339 

26 

28.4315 

28.4110 

28.4040 

28.4094 

28.4359 

28 

30.4376 

30.4154 

30.4074 

30.4118 

30.4376 

30 

32.4431 

32.4193 

32.4103 

32.4139 

32.4391 

32 

34-4481 

34-4228 

34.4128 

34-4157 

34.4404 

34 

36 4526 

36.4259 

36.4150 

36.4173 

36.4416 

36 

38.4567 

38 4287 

38.4171 

38.4187 

38.4427 

38 

40.4604 

40.4313 

40.4191 

40.4200 

40.4437 

• 40 

42.4638 

42.4337 

42.4211 

42.4212 

42.4446 

42 

44-4669 

44.4359 

44-4231 

44.4223 

44.4454 

44 

46.4698 

46.4380 

46.4250 

46.4233 

46.4462 

46 

48.4726 

48.4400 

48.4268 

48.4243 

48.4469 

48 

50.4753 

50.4419 

50.4284 

50.4252 

50.4476 

SO 

52.4779 

52.4437 

52.4298 

52.4261 

52.4482 

52 

54-4804 

54-4454 

54-4310 

54.4269 

54-4487 


56.4827 

56.4470 

56.4320 

56.4277 

56.4492 

50 

58.4848 

58.4485 

58.4329 

58.4284 

58.4497 

58 

60.4867 

60.4499 

60.4337 

60.4291 

60.4501 

60 

62,4885 

62.4512 

62.4345 

62.4297 

62.4506 

62 

64.4902 

64.4524 

64-4353 

64.4303 

64.4510 

64 

66.4918 

66.4535 

66.4361 

66.4309 

66.4514 

66 

68.4933 

68.4545 

68.4369 

68.4314 

68.4517 

68 

70.4948 

70.4554 

70.4377 

70.4319 

70,4520 

70 

72.4963 

72.4562 

72.4384 

72.4324 

72.4523 

72 

74-4977 

74-4570 

74.4391 

74-4328 

74-4526 


76.4990 

76.4577 

76.4397 

76.4332 

76.4529 

76 

78,5002 

78.4584 

78.4403 

78.4335 

78.4532 

78 

80.5014 

80.4591 

80.4409 

80.4338 

80.4534 

80 

82.5026 

82.4598 

82.4414 

82.4341 

82.4536 

82 

84-5037 

8 a. 4604 

84.4419 

84.4344 

84.4538 

8 a 

86.5047 

86.4610 

86.4424 

86.4347 

86.4540 

86 

88.5057 

88.4616 

88.4429 

88.4350 

88.4542 

88 

90.5067 

90.4622 

90.4434 

90.4353 

90.4544 
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Table 3.—External Gears. Even Teeth.— Continued 


No. of 
Teeth 

I4i Degrees 

17 J Degrees 

20 Degrees 

25 Degrees 

30 Degrees 

90 

92.5076 

92.4628 

92.4438 

92.4356 

92 4546 

92 

94 5085 

94.4634 

94.4442 

94-4359 

94.4548 

94 

96.5094 

96.4640 

96.4446 

96.4362 

96.4550 

96 

98.5102 

98.4646 

98.4450 

98.4364 

98 4552 

98 

100.5110 

100.4652 

100.4454 

100,4366 

100.4554 

100 

102.5118 

102.4657 

102.4457 

102.4368 

102.4555 

102 

lOA.5126 

104.4662 

104.4460 

104.4370 

104.4557 

lOA 

106.5134 

106.4667 

106.4463 

106.4372 

106.4558 

106 

108.5142 

108.4672 

108.4466 

108.4374 

108 4560 

108 

no. 5^19 

110.4677 

110.4469 

110.4376 

110.4561 

no 

112.5156 

112.4681 

112.4471 

112.4378 

112.4562 

II2 

114.5162 

114.4685 

114.4474 

114.4380 

114 4563 

114 

116.5167 

116.4689 

116.4477 

116.4382 

116.4564 

II6 

118.5172 

118.4693 

118.4480 

118.4384 

118.4565 

II8 

120.5177 

120.4697 

120.4483 

120.4386 

120.4566 

120 

122.5182 

122.4701 

122.4486 

122.4388 

122.4567 

122 

124,5187 

124.470s 

12A.4489 

124.4390 

124 4569 

124 

126.5192 

126.4708 

126.4492 

126.4391 

126.4571 

126 

128.5197 

128.4711 

128.4494 

128 4392 

128.4572 

128 

130,5202 

130.4714 

130.4496 

130.4393 

130.4574 

130 

132.5207 

132.4717 

132.4498 

132.4394 

132.4575 

132 

134 -5212 

134.4720 

134.4500 

134.4395 

134 4577 

134 

136.5217 

136.4723 

136.4502 

136.4396 

136.3578 

136 

138.$222 

138.4726 

138.4504 

138.4397 

138 4580 

138 

140.5226 

140.4729 

140.4506 

140.4398 

140.4581 

140 

142.5230 

142.4732 

142.4508 

142.4399 

142.4582 

142 

144.5234 

144.4734 

144.4510 

144.4400 

144.4582 

144 

146.5238 

146.4736 

146.4512 

146 4401 

146 4582 

146 

148.5242 

148.4738 

148.4514 

148.4402 

148.4583 

148 

150.5246 

150.4740 

150.4516 

150.4403 

150.4583 

ISO 

152.5250 

152.4742 

152.4518 

152.4404 

152.4583 

152 

154-5254 

154-4744 

154-4520 

154-4405 

154-4583 

154 

156.5258 

156.4746 

156.4522 

156 4406 

156.4584 

ISO 

158.5262 

158.4748 

158.4524 

158.4407 

158.4584 

158 

160.5265 

160.4750 

160.4525 

160.4408 

160.4584 

160 

162.5268 

162.4752 

162.4526 

162.4409 

162.4584 

162 

164.5271 

164.4754 

164.4527 

164.4410 

164 4584 

164 

166 5274 

166.4756 

166.4528 

166.4411 

160.4584 

166 

168.5277 

168.4758 

168.4529 

168.4412 

168 4584 

168 

170.5280 

170.4760 

170.4530 

170.4413 

170.458s 

170 

172 5283 

172.4762 

172.4531 

172.4414 

172.458s 

180 

182.5298 

182.4772 

182.4536 

182.4419 

182 .4588 

190 

192.5310 

192.4780 

192.4541 

192.4423 

192.4591 

200 

202,5321 

202.4786 

202.4545 

202.4426 

202 4593 

300 

302.539s 

302.4830 

302.4575 

302.4443 

302.4606 

400 

402.5434 

402.4854 

402.4595 

402.4453 

402.4613 

500 

502.5444 

502.4868 

502.4605 

502.4458 

502.4619 

M 

(AT-1-2). 5454 

(Ar+2).488o 

(N-f 21.4615 

(N-}-2) . 4468 

'(N4-2). 4629 


Above 170 teeth, where the gear to be measured is not included in the 
table, use the number of teeth plus 2 for the figure to the left of the decimal 
point, and for the figure to the r^ht of the decimal point interpolate between 
the table values. Example. —The measurement over wires for a 1 D.P., 
240-tooth, i4i-degree gear would be 

242.5321 -t- X 0.0074 - 242.53506. 
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Table 4.—External Gears. Odd Teeth 

Measurements over Wires for i D.P. External Spur Gears with 

Wires Inches in Diameter 

For Any Other Diametral Pitch, Divide Measurements Given in 
the Tables by the Diametral Pitch 
All Measurements in Inches 


No. of 
Teeth 

I4i Degrees 

I7i Degrees 

20 Degrees 

25 Degrees 

30 Degrees 

5 

6.9933 

7.0036 

7 .0153 

7.0472 

7.0891 

7 

9.1121 

9.1173 

9.1260 

9.1536 

9.1928 

9 

n.1827 

11.1845 

II.190S 

II.2142 

11.2510 

II 

13.2317 

13.2290 

13.2332 

13.2536 

13.2880 

13 

15.2677 

15.2600 

15.2660 

15.2826 

IS.3143 

IS 

17.2957 

17,2849 

17.2870 

17.3031 

17.3334 

17 

19.3181 

19.3053 

19.3046 

19.3181 

19.3483 

19 

21.336s 

21.3222 

21.3194 

21.3299 

21.3603 

21 

23.3521 

23.3364 

23.3318 

23.3402 

23.3700 

23 

25.3656 

25.3484 

25.3423 

25.3492 

25.3779 

25 

27.3773 

27.3586 

27.3512 

27.3570 

27.3844 

27 

29.387s 

29.3673 

29.3586 

29.3637 

29.3899 

29 

31.3965 

31.3748 

31.3653 

31.369s 

31.3947 

31 

33 .4046 

33.3814 

33.3709 

33.3746 

33 .3990 

33 

35.4119 

35.3873 

35.3758 

35 .3791 

35.4029 

3 S 

37.4185 

37.3926 

37.3802 

37.3831 

37.4064 

37 

39.424s 

39.3974 

39.3843 

39.3867 

39.4095 

39 

41.4299 

41.4017 

41.3881 

41.3899 

41.4122 

41 

43 .4348 

43 .4056 

43.3916 

43.3928 

43.4146 

43 

45.4394 

45.4091 

45 .3948 

45.3954 

45.4107 

4 S 

47.4437 

47.4123 

47.3977 

47.3977 

47.4186 

47 

49.4477 

49.4153 

49.4004 

49.3997 

49.4203 

49 

51.4514 

SI. 4181 

5I.4029 

51.4015 

51.4218 

SI 

53.4548 

53.4207 

53.4052 

53.4031 

53.4242 

S 3 

55.4579 

55.4231 

55.4074 

55.404s 

55.4255 

55 

57.4608 

57.4254 

57.4094 

57.4058 

57.4268 

S 7 

59.4636 

59.4276 

59.4112 

59.4070 

59.4280 

S 9 

61.4663 

61.4297 

61.4129 

61.4082 

61.4292 

61 

63.4689 

63.4317 

63.4145 

63.4094 

63.4304 

63 

65.4714 

65.4336 

65.4160 

65.4105 

65.4315 

65 

67.4737 

67.4355 

67.4174 

67.4115 

67.4323 

67 

69.4758 

69.4373 

69.4188 

69.41251 

69.4334 

69 

71.4778 

71.4391 

71.4201 

71.413s 

71.4343 

71 

73.4797 

73•4408 

73.4213 

73.4144 

73.4351 

73 

75.4815 

75.4424 

75.4224 

75.4153 

75.4358 

75 

77.4832 

77.4439 

77.4234 

77.4162, 

77.436s 

77 

79.4848 

79.445.3 

79.4243 

79.4171I 

79.4371 

79 

81.4863 

81.4466 

81.4252 

81.4180 

81.4377 

81 

83.4877 

83.4478 

83.4261 

83.4188 

83.4383 

83 

85.4891 

85.4489 

85.4270 

85.41961 

85.4389 

85 

87.490s 

87 .4499 

87.4279 

87.4203 

87.439s 

87 1 

89.4919 

89.4509 

89.4288 

89.4209 

89.4400 

89 

91.4932 

91.4519 

91.4296 

91.421S 

91.4405 
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X-iBLE 4 .—External Gears. Odd Teeth.— Continued 


No. of 1 
Teeth 

14J Degrees 

I7i Degrees 

20 Degrees 

25 Degrees 

30 Degrees 

91 

93.4945 

93.4529 

93 ■4304 

93.4221 

93.4410 

93 

95.4957 

95.4538 

95-43111 

95.4227 

95.4415 

95 

97 4969 

97.4546 

97.4318 

97.4233 

97.4420 

97 

99.4980 

99-4553 

99.4324 

99.4239 

99.442s 

99 

loi.4990 

101.4560 

101.4330 

loi.4244 

101.4430 

lOI 

103 .4999 

103.4567 

103.4336 

103.4249 

103.4434 

103 

105.5008 

105.4574 

105.4342 

105.4253 

105.4438 

105 

107.5017 

107.4581 

107.4348 

107.4257 

107.4442 

107 

109.5026 

109.4588 

109.4354 

109.4261 

109.4446 

109 

III. 5^35 

111-4595 

111.4360 

111.426s 

111.4450 

III 

113.S044 

113.4601 

113.4365 

113.4269 

I13 .4454 

I13 

1155053 

115.4607 

115.4370 

115.4273 

115.4458 

II5 

117.5062 

117.4613 

117.4375 

117.4277 

117.4462 

I17 

119.5070 

119.4619 

119.4380 

119.4280 

119.4465 

119 

121.5078 

121.4625 

121.438s 

121.4283 

121.4468 

121 

123.5086 

123.4631 

123.4390 

123.4286 

123.4471 

123 

125.5093 

125.4637 

125.4394 

125.4289 

125.4474 

I 2 S 

127.5100 

127.4643 

127.4398 

127.4292 

127.4476 

127 

129.5106 

129.4648 

129.4402 

129.429s 

129.4478 

129 

131.5112 

131.4653 

131.4406 

131.4298 

131.4480 

I3I 

133.5118 

133.4657 

133.4409 

133.4301 

133.4483 

133 

135.5124 

135.4661 

135.4412 

135.4304 

135.4484 

135 

137.5130 

137.4665 

137.4415 

137.4307 

137.4486 

137 

139.5136 

139.4669 

139.4418 

139.4310 

139.4488 

139 

141.5142 

141.4673 

141.4421 

141-4313 

141.4490 

I4I 

143.5147 

143.4676 

143.4424 

143.4316 

143.4492 

143 

145.S152 

145.4679 

145.4427 

145.4319 

14s .4494 

145 

147.SI56 

147.4682 

147..4430 

147.4322 

147.4496 

147 

149.5161 

149.4685 

149.4433 

149.4325 

149.4498 

149 

151.5165 

151.4688 

151.4436 

151.4328 

151.4500 

ISI 

153.5170 

153.4690 

153.4439 

153.4331 

153.4502 

153 

155.5174 

155.4692 

155.4442 

155.4334 

155.4504 

155 

157.5179 

157.4693 

157.4445 

157.4337 

157.4505 

157 

159-5183 

159.4694 

159.4448 

159.4340 

159.4506 

159 

161.5188 

161.4695 

161.4451 

161.4343 

161.4507 

x6i 

163.5192 

163.4696 

163.4453 

163.4346 

163.4508 

163 

165.5196 

165.4697 

165.4455 

165.4349 

165.4509 

165 

167.5200 

167.4698 

167.4457 

167.4351 

167.4510 

167 

169.5204 

169.4699 

169.4459 

169.4353 

169.4511 

169 

171.5208 

171.4700 

171.4461 

171.435s 

171.4512 

171 

173.5212 

173.4700 

173.4463 

173.4357 

173.4513 

181 

183.5232 

183.4730 

183.4473 

183.4368 

183.4518 

191 

193.5251 

193.4758 

193.4483 

193-4378 

193.4523 

201 

203.5269 

203.4785 

203 .4493 

203.4388 

203.4528 

301 

303.5344 

303.4828 

303.4543 

303.4438 

303.4574 

401 

403 .5399 

403.4852 

403.4582 

403.4448 

403.4609 

501 

503 .5434 

503.4863 

503.4592 

503.4456 

S03.4617 

eo 

(AT+ 2). 5454 

(iV + 2).488o 

(iV-f 2 ). 46 iS 

(iV 4 - 2 ). 44684 

(iV-f 2) .4629 


Above 171 teeth, where the gear to be measured is not included in the 
table, use the number of teeth jjlus 2 for the figure to the left of the decimal 
point, and for the figure to the right of the decimal point interpolate between 
table values. Example. —The measurement over wires for a i D.P., 
33S-tooth, 20-degree gear would be 

337.4543 + ^ X 0.0039 “ 337.4556. 
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Table 5.—Internal Gears. Even Teeth 

Measurements between Wires for i D.P. Internal Spur Gears with 


Wires Inches in Diameter 


For Any Other Diametral Pitch, Divide Measurements Given in 
the Tables by the Diametral Pitch 
All Measurements in Inches 


No. of 
Teeth 

i4i Degrees 

17 J Degrees 

20 Degrees 

25 Degrees 

30 Degrees 

6 

4.8173 

4-7312 

4.659s 

4.5206 

4-3933 

8 

6.8270 

6.7354 

6.6609 

6.5208 

6.3950 

10 

8.8337 

8.7380 

8.6617 

8.5209 

8.3966 

12 

10.8389 

10.7402 

10.6623 

10.5210 

10.3973 

14 

12.8433 

12.7415 

12.6627 

12.5210 

12.3978 

16 

14.8470 

14.7424 

14.6630 

14.5210 

14.3982 

18 

16.8501 

16.7432 

1 16.6633 

16.5210 

16.398s 

20 

18.8528 

18.7439 

18.6635 

18.5210 

18.3987 

22 

20.8551 

20.7446 

20.6636 

20.5211 

20 3989 

2 A 

22.8570 

22.7453 

22.6638 

22.5211 

22 3991 

26 

24.8586 

24-7459 

24.6639 

24.5211 

24 3992 

28 

26.8600 

26.7464 

26.6640 

26.5211 

26.3993 

30 

28 8613 

28.7469 

28.6641 

28 5211 

28.3994 

32 

30.8624 

30.7474 

30.6642 

30.5211 

30.3995 

34 

32.8634 

32.7478 

32.6642 

32.5211 

32.399^ 

36 

34 -8642 

34-7481 

34 - 6643 

34 5211 

34.3996 

38 

30.8650 

36.7484 

36.6643 

36.5211 

36.3996 

40 

38.8657 

38.7487 

38.6644 

38.5211 

38.3997 

42 

40.8664 

40.7490 

40.6644 

40.5211 

40.3997 

44 

42.8670 

42.7493 

42.6645 

42.5212 

42 3998 

46 

44.8676 

44-7495 

44.6645 

44-5212 

44 399B 

48 

46.8682 

46.7497 

46.6646 

46.5212 

46.3999 

50 

48.8687 

48.7499 

48.6646 

48.5212 

48 .3999 

52 

50.8692 

50.7501 

50.6646 

50.5212 

50.3999 

54 

52.8696 

52.7502 

52.6647 

52.5212 

52.4000 

S6 

54.8700 

54.7503 

54.6647 

54-5212 

54.4000 

58 

56.8704 

50.7504 

56.6648 

56.5212 

56.4001 

60 

58.8707 

58.750s 

58.6648 

58.5212 

58.4001 

62 

60.8711 

60.7506 

60.6648 

60.5212 

60.4001 

64 

62.8714 

62.7507 

62.6648 

62.5212 

62.4001 

66 

64.8717 

64.7508 

64.6649 

64.5212 

64.4002 

68 

66.8720 

66.7509 

66.6649 

66.5212 

66.4002 

70 

68.8723 

68.7510 

68.6649 

68.5212 

68 .4*002 

72 

70.8726 

70.7511 

70.6649 

70.5212 

70.4002 


72.8729 

72.7512 

72.6649 

72.5212 

72.4002 

70 

74-8731 

74.7513 

74.6649 

74-5212 

74.4002 

78 

76.8733 

70.7513 

76.6649 

76.5212 

76.4002 

80 

78.8735 

78.7514 

78.6649 

78.5212 

78.4002 

82 

80.8737 

80.7514 

80.6649 

80.5213 

80.4002 

8a 

82.8739 

82.7515 

82.6649 

82.5213 

82.4002 

86 

84.8741 

84.751s 

84.6650 

84.5213 

84.4003 

88 

86.8742 

86.7516 

86.6650 

86.5213 

86.4003 



WARTIME DATA SUPPLEMENT 


1435 


Table 5.—Internal Gears. Even Teeth.— Continued 


No. of 1 
Teeth 

14^ Degrees 

I7i Degrees 

20 Degrees 

25 Degrees 

30 Degrees 

90 

88.8744 

88.7516 

88.6650 

88.5213 

88.4003 

92 

90.8746 

90.7516 

90.6650 

90.5213 

90.4003 

04 

92.8747 

92.7517 

92.6650 

92.5213 

92.4003 

96 

94.8749 

94.7517 

94.6650 

94.5213 

94.4003 

98 

96.8750 

90.7518 

96.6650 

96.5213 

96.4003 

100 

98.8752 

98.7518 

98.6650 

98.5213 

98.4003 

102 

100.8753 

100.7518 

100.6650 

100.5213 

100.4003 

lOA 

102.8755 

102.7518 

102.6650 

102.5213 

102.4003 

106 

104.8756 

104.7519 

104.6650 

104.5213 

104.4003 

108 

106.8#58 

106.7519 

106.6650 

106.5213 

106 4003 

no 

108 8759 

108.7519 

108.6651 

108.5213 

108.4004 

II 2 

110.8760 

110.7519 

110.6651 

no. 5213 

110.4004 

114 ! 

112.8761 

112.7519I 

112.6651 

112.5213 

112.4004 

II6 

114.8762 

114-7519 

114.6651 

114.5213 

114.4004 

II8 

116.8763 

116.7520 

116.6651 

116.5213 

116.4004 

120 

118.8764 

118.7520 

118.6651 

118.5213 

118.4004 

122 

120.8765 

120.7520 

120.6651 

120 5213 

120 4004 

124 

122.8766 

122.7520 

122.6651 

122.5213 

122 4004 

126 

124.8767 

124.7520 

124.6651 

124.5213 

124 4004 

128 

126.8767 

120.7520 

126.6651 

126.5213 

126.4004 

130 

' 128.8768 

128.7520 

128.6652 

128 5213 

128.4004 

132 

130.8769 

130.7521 

130.6652 

130.5213 

130.4004 

134 

132.8770 

132.7521 

132.6652 

132.5213 

132 4004 

136 

1348771 

134.7521 

134.6652 

134.5213 

134.4004 

138 

136.8772 

136.7521 

136.6652 

136.5213 

136.4004 

140 

138.8773 

138.7521 

138.6652 

138.5214 

138 4004 

142 

140.8773 

140.7521 

140 6652 

140.5214 

140 4004 

144 

142.8774 

142.7521 

142.6652 

142.5214 

142 4004 

146 

144.8774 

144.7521 

144.6652 

144.5214 

144-4004 

I4S 

146.8775 

146.7521 

146.6652 

146.5214 

146 4004 

ISO 

148.877s 

148.7521 

148.6652 

148.5214 

148.400s 

152 

150.8776 

150.7521 

150.6652 

150.5214 

150.4005 

154 

152.8776 

152.7521 

152.6652 

152.5214 

152.4005 

150 

154-8777 

154.7521 

154.6652 

154-5214 

154-4005 

158 

156.8778 

156.7521 

156.6652 

156.5214 

156.4005 

160 

158.8778 

158.7521 

158.6652 

158.5214 

158.400s 

162 

160.8779 

160.7521 

160.6652 

160 5214 

160.400s 

164 

162.8779 

162.7521 

162.6652 

162.5214 

162.4005 

166 

164.8780 

164.7521 

164.6652 

164.5214 

164.400s 

168 

166.8780 

166.7521 

166.6652 

166.5214 

166.400s 

170 

168.8781 

168.7521 

168.6652 

168.5214 

' 168.400s 

180 

178.8783 

178.7522 

178.6653 

178.5214 

178.4005 

190 

188.878s 

188.7523 

188.6653 

188.5214 

188.400s 

200 

198.8787 

198.7523 

198.6653 

198.5214 

198.400s 

300 

298.879s 

298.7525 

298.6654 

298.5214 

298.400s 

400 

398.8803 

398.7527 

398.6654 

398.5215 

398.4006 

500 

498.8810 

498.7528 

498.6655 

498.5215 

498,4006 

oo 

( 2 V —2) .8820 

(N-2). 7532 

(AT-2). 66s 7 

( 2 V — 2).S2i6 

( 2 V — 2).4007 


Above 170 teeth, where the ^ear to be measured is not included in the 
table, use the number of teeth minus 2 for the figure to the left of the decimal 
point and for the figure to the right of the decimal point interpolate between 
table values. Example. —The measurement between wires for a i D.P., 
380-tooth, I 4 i-degree gear would be 


378.879s H-X 0.0008 » 378.88014. 
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Table 6.—Internal Gears. Odd Teeth .—Continued 


No. of 
Teeth 1 

i4i Degrees 

I7i Degrees 

20 Degrees 

25 Degrees 

30 Degrees 

95 

93.8618 

93.7384 

93.6520 

93.5081 

93.3870 

97 

95.8623 

95.7387 

95.6523 

95.5084 

95.3873 

99 

97.8628 

97 .7390 

97.6526 

97.5087 

97.3876 

lOI 

99.8632 

99-7393 

99 6529 

99.5090 

99 3879 

103 

101.8636 

101.7395 

101.6532 

101.5093 

101.3882 

lOS 

103.8639 

103-7397 

103.6534 

103.5096 

103.3885 

107 

105.8642 

ioS-7399 

105.6537 

105.5098 

105.3888 

109 

107.8645 

107.7401 

107.6539 

107.5100 

107.3891 

III 

109.8648 

109.7403 

109.6542 

109.5102 

109.3894 

113 

III.8651 

II I.7405 

111.6544 

III.5104 

111.3897 

IIS 

11386S3 

113.7407 

113.6547 

113.5106 

I13.3900 

117 

115.8656 

115.7409 

115.6549 

II5.5108 

IIS.3903 

119 

117.8659 

117.7411! 

117.6550 

117.5110 

I17.3905 

121 

119.8662 

119.7413' 

119.6552 

119-5112 

119.3907 

123 

121.8664 

121.7415 

121.6553 

^21.5113 

121.3909 

I2S 

123.8667 

123.7417 

123.6555 

123.5114 

123.3911 

127 

125.8669 

125.7419 

125.6556 

125.5115 

125-3913 

129 

127.8671 

127.7421 

127.6558 

127.5116 

127.3915 

I3I 

129.8674 

129.7423 

129.6559 

129.5117 

129.3916 

133 

131.8676 

131.742s 

131.6561 

131-SI18 

131-3917 

135 

133.8678 

133.7427 

133.6562 

133.5119 

133.3918 

137 

135.8680 

135.7429 

135.6564 

135.5120 

135.3919 

139 

137.8682 

137.7431 

137.6566 

137.5121 

137.3920 

141 

139 8684 

139.7433 

139-6568 

139.5122 

139 3921 

143 

141.8686 

141.743s 

141.6569 

141-S123 

141.3922 

14s 

143.8688 

143.7436 

143.6571 

143.5124 

143.3923 

147 

14s.8690 

145.7437 

145.6573 

145.5125 

145-3924 

149 

147.8692 

147.7438 

147.6574 

147.5126 

147.3925 

151 

149.8694 

149.7439 

149-6576 

149-5127 

149-3926 

153 

151.8696 

151.7440 

151.6577 

151.5128 

151.3927 

ISS 

153.8698 

153.7441 

153.6578 

153.5129 

153.3928 

157 

155.8700 

155.7442 

155.6578 

155.5130 

155.3929 

159 

157.8702 

1 157.7443 

157.6579 

157.5131 

' 157.3930 

l6i 

159.8704 

159-7444 

159-6580 

159.5132 

159.3931 

163 

161.8706 

161.7445 

161.6581 

161.5133 

161.3931 

i6s 

163.8708 

163.7446 

163.6582 

163.5133 

163.3932 

167 

165.8710 

165.7447 

165.6582 

165.5133 

165.3932 

169 

167.8712 

167.7448 

167.6583 

167.5133 

167.3933 

171 

169.8713 

169.7449 

169.6584 

169-5133 

169.3933 

z8i 

, 179.8722 

179.7453 

179.6587 

179.513s 

179.393s 

191 

189.8730 

189.7456 

189.6589 

189.5137 

189.3937 

201 

199.8737 

199.7458 

199.6591 

199.5139 

199.3939 

301 

299.8745 

299.7466 

299.6603 

299.5163 

299.3962 

401 

399.8753 

399.7473 

399.6615 

399.5186 

399.3984 

SOI 

499.8760 

499.7476 

499.6626 

499.5212 

499 .4006 

00 

(N —2). 8820 

(TV-2). 7532 

(TV- 2).6657 

i(TV —2). 5216 

(TV— 2). 4007 


Above 171 teeth, where the gear to be measured is not included in the 
table, use the number of teeth minus 2 for the figure to the left of the decimal 
point and for the figure to the right of the decimal point interpolate between 
table values. Example. —The measurement between wires for i D.P., 
337-tooth, I4i-degree gear would be 

335.8745 + X 0.0008 - 335.8748. 
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large gear, and the pinion is made to standard size. This reduces 
undercutting of the teeth on the pinion. 

The following table shows the amount R that the wire measure¬ 
ment should be reduced in order to provide for a desired back¬ 
lash B.L. 


Pressure Angle 
of Gears in 
Degrees 

Equal Backlash 
Taken on Each 
Gear 

All of Backlash 
Taken on One 
Gear 

Amount Teeth 
Are Cut Too 
Thin (/) 
Approximately 

i 4 i 

R ^ 2 X B.L. 

R = 4 X B.L. 

II 

17 ^ 

R = 1.66 X B.L. 

^ = 3*33 X B.L. 

3-33 

20 

R = 1.46 X B.L. 

R — 2.92 X B.L. 

t = — 
2.92 

25 

R = 1.18 X B.L. 

R = 2.36 X B.L. 

t = 

2.36 

30 ^ 

R = I X B.L. 

R = 2 X B.L. 

II 

Example. —A total backlash of 

0.016 inch is desired between two 


mating gears of i4j-degree pressure angle, and 0.008 inch will be 
taken on each gear. Then the wire measurements for each gear 
should be 2 X 0.016 = 0.032 inch less than the values determined 
from the gear tables. If all the 0.016 inch backlash is taken on one 
gear, the wire measurement should be 4 X 0.016 = 0.064 i^ch less 
than the vejue obtained from the tables. 

In cutting the gear, the extra depth of cut in order to provide the 
desired backlash should be i of the reduction R in the measure¬ 
ment over the wires. 

Interpolation for Special Pressure Angles 

Where gears of unusual pressure angles, such as 27^ degrees, are 
to be measured, the measurement over the wires can be secured 
from the proper table by interpolation. For example, the measure¬ 
ment over the wires for a i D.P. external gear, 48 teeth, and 
2 7i-degree pressure angle would be the average between the 
25-degree and 30-degree pressure-angle values from Table 3, or 

5 °- 4.52 + 50.4476 ^ ^ 

Fellows stub-tooth gears may be measured with wires in the same 
manner as any standard 20-degree involute gears. The numerator 
diametral pitch should be used to determine the diameter of the 
wires from Table.2. 
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Module Gears 

Module — diamete r in mil limeters 

Number of teeth 

Wire diameter, in mm. = 1.728 X module 

Measurement over wires, in mm. = Table value X module 


Table 7.—Table of Tooth Parts 
Fellows 2o-Degree Stub Gears 


Di¬ 

ame¬ 

tral 

Pitch 

Circular 

Pitch 

3.1416 

Thick¬ 
ness of 
Yooth 
at Pitch 
Diameter 
1.5708 

Addendum 

I 

Clear¬ 

ance 

Deden- 

dum 

(Adden¬ 

dum 

Plus 

Clear¬ 

ance) 

Whole 
Depth 
to Be 
Cut, 
Spurs, 
Spirals 

D.P. 

D.P. 

Denominator D.P. 

1 

1.0472 

0.5236 

0.2500 1 

0.0625 

0.3125 

0.5625 

i 

0.7845 

0.3927 

0.2000 

0.0500 

0.2500 

0.4500 


0.6283 

0.3142 

0.1429 

0.0357 

0.1786 

1 0.3215 

f 

0.5-236 

0.2618 

0.1250 

0.0312 

0.1562 

0.2812 

5 

0.4488 

1 0.2244 

0. nil 

0.0278 

0-1389 

0.2500 

A 

0.3927 

0.1964 

0.1000 

0.0250 

0.1250 

0. 2250 

A 

0.3491 

0.1745 

0.0909 

0.0227 

0.1136 

0.2045 

n 

0.3142 

0-1571 

0.0833 

0.0208 

0.1042 

0.1875 

H 

0.2618 

0.1309 

0.0714 

0.0179 

0.0893 

0.1607 

a 

0.2417 

0.1208 

0.0625 

0.0156 

0.0781 

0.1406 

H 

0.2244 

0.1122 

0.0556 

0.015 

0.0706 

0. 1262 

M 

0.1964 

0.0982 

0.0476 

0.015 

0.0626 

0.1102 

it 

0.1745 

0,0873 

0.0417 

0.015 

0.0567 

0.0984 

M 

0.1571 

0.0785 

0.0385 

0.015 

0.0535 

0.0920 

M 

0.1428 

1 0,0714 

0.0345 

0.015 

0.0495 

0.0840 

ft 

0.1309 

0.0654 

0.0312 

0.015 

0.0462 

0.0775 


Elliptoid Gear Teeth.—The elliptoid gear tooth was designed by 
the National Broach and Machine Company to overcome the 



Fig. 3. —Elliptoid tooth form. 

bearing of gear teeth on the ends of the teeth. The form of tooth 
is shown, greatly exaggerated, in Fig. 3. The actual variation 
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from the usual straight tooth is less than 0.0005 li^ch but is claimed 
to be sufficient to prevent end bearing and the noise arising from 
this cause. These gears are said to develope adequate bearing 
regardless of slight variations in alignment. 

This form of tooth is secured by a special rocking motion of the 
table of the machine on which the teeth are shaved before harden¬ 
ing. This permits the amount of the “crown” to be regulated at 
will. The maximum thickness can also be located to one side of 
the center if desired. 


Table 7a.—G ear Tooth Parts 
Fellows 20-degree stub—modules 


20-Degree 
Stub Tooth 
Modules 

Circular 

Thickness 

Addendum 

Dedendum 

Whole 
Depth of 
Tooth 

Double 
Depth of 
Tooth 

8 to 6 

0.4947 

0.2362 

0.2952 

0.5314 

I.0628 

7j to 6 

0.4793 

0.2362 

0.2952 

0.5314 

1.0628 

7i to si 

0.4638 

0.2264 

0.2830 

0.5094 

I.0188 

7l to si 

0.4484 

0.2264 

0.2830 

0.S094 

I.0188 

S to si 

0.4329 

0.2067 

0.2584 

0.4651 

0.9302 

6i to si 

0.4174 

0.2067 

0.2584 

0.4651 

0.9302 

6j[ to s 

0.4019 

0.1969 

0.2.461 

0.4430 

0.8860 

6i to 4i 

0.386s 

0.1870 

0.2338 

0.4208 

0,8416 

6 to 4i 

0.3710 

0.1772 

0.2215 

0.3987 

0.7974 

si to 4i 

0.3556 

0.1772 

0.2215 

0.3987 

0,7974 

Sf to 4 

0.3401 

O.I 57 S 

0.1969 

0.3544 

0.7088 

si to 4 

0.3247 

0.1575 

0.1969 

0.3544 

0.7088 

S to 3 i 

0.3092 

0.1476 

0.184s 

0.3321 

0.6642 

4i to 3 j 

0.2938 

0.1378 

0.1722 

0.3100 

0.6200 

4i to 3i 

0.2783 

0.1279 

0.1599 

0.2878 

0.5756 

4i to 3i 

0.2628 

0.1279 

0.1599 

0.2878 

0.5756 

4 to 3 

0.2473 

0 .II81 

0.1476 

0.2657 

0.5314 

3 i to 2i 

0.2319 

0.1082 

0.1352 

0.2434 

0.4868 

3J to 2i 

0.2164 

0.0984 

0.1230 

0.2214 

0.4428 

3i to si 

0.2010 

0.0984 

0.1230 

0.2214 

0.4428 

3 to 2i 

0.18SS 

0.0885 

0.1106 

0.1991 

0.3982 

2i to 2 

0.1700 

0.0787 

0.0984 

0.1771 

0.3542 

2^ to 2 

0.IS46 

0.0787 

0.0984 

0.1771 

0.3542 

2i to li 

0.1391 

0.0689 

0.0861 

O.ISSO 

0.3100 

2 to if 

0.1236 

0.0689 

0.0861 

0 .IS 50 

0.3100 

li to ij 

0.1082 

0.0591 

0.0741 

0.1332 

0.2664 

ll to li 

0.0927 

0.0492 

0.0642 

0.1134 

0.2268 

li to I 

0.0773 

0.0394 

0.0544 

0.0938 

0.1876 

I to i 

0.0618 

0.0295 

0.0374 

0.0669 

0.1338 


Flame-Hardening of Gear Teeth. —Both the Fellows Gear 
Shaper Company and the Gleason Works have developed special 
flame-hardening apparatus for the localized hardening of gear 
teeth. While the former specialize on the hardening of small 
gears, the Gleason Works handle gears up to 120 inches pitch 
diameter. Gears made of any steel that can be furnace-hardened 
can be hardened by the flame method. It is also possible to harden 
cast and malleable irons of certain compositions. With steel gears 
the core can be given any desired heat-treatment before the teeth 
are flame-hardened.' 




SECTION VII 


FORGING, FORMING, PUNCHING, AND 

WELDING IN AIRCRAFT WORK 

€ 

LOW-COST DIES 

The aircraft industry has developed several types of low cost 
die for punching and forming sheet metal. These are very useful 
where only small quantities are required. 

Continental Dies.—Continental dies were developed by the 
aircraft industry for use where the quantity required does not 
warrant regular dies. Cold-rolled steel, casehardened, will punch 
from loo to 150 pieces of aluminum sheet. The punch is usually 
attached to a guide plate, but if only a few pieces are needed it can 
be laid on the sheet directly over the die opening. 

Magnetic Dies.—Magnetic dies are another development of the 
aircraft industry. The backing plates of both punch and die 
(which may be of any desired material) are made of magnetic 
metal and are held in position by magnets in both the ram and the 
bed of the press. 

THE GUERIN FORMING PROCESS 

The Guerin process for cutting and forming sheet materials is 
used in various aircraft plants under license from Douglas Aircraft 
Company as a simple method of blanking and forming many classes 
of airplane parts without the usual types of press tools. The work 
is handled in big hydraulic presses. 

In place of conventional mating dies as commonly applied in 
power presses for stamping, drawing, etc., this process employs 
a single die only, a low-cost unit, and a flat thick pad of resilient 
material which adapts itself to a die of any form. By pressing a 
sheet of metal between the die and the resilient pad, it is possible 
to cut and form it to almost any desired shape. Deep drawing of 
complicated parts may be done’ by this process through the use of 
progressive operations. 

It is stated that 25 sets of parts, or less, will ordinarily warrant 
tooling for this process. Tooling methods are simple and corre¬ 
spondingly inexpensive. The cutting blocks are usually ^-inch- 
thick templets of the parts required. Form blocks need not be 
of metal unless hot forming or strictly high production is required, 
for either Masonite or Pregwood is satisfactory and may be made 
with inexpensive woodworking equipment. Metal blocks, when 
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necessary, can be cut with the torch from steel or sawed from 
aluminum or magnesium alloy plate or fabricated from cast metal, 
such as zinc, Kirksite, and scrap aluminum or magnesium. 

Due to the uniform pressure applied by the resilient pad, local 
distortion is eliminated and cold-working of the metal is reduced 
to a minimum. Parts so produced have little or no distortion in 
the heat-treating processes. The resilient pad also protects the 
finish of the work, since there is no possibility of scratching the 
metal in handling through this process. Possibility of corrosion 
is reduced by avoiding such scratches on the work surface. 

SQUARE FORMING OF METAL STAMPINGS 

Allowances.—In forming ears and other right-angle parts on 
stampings, the harder the material the greater amount of “spring 
back” will be found in the work. This has to be offset by allow¬ 
ances in the press tools. The allowances shown here are recom¬ 
mended by Walter Kassebohm. One-quarter hard cold-rolled 
steel has approximately i to 2 degrees spring back; one-half hard has 
approximately 3 to 4 degrees; hard steels have, in most instances, 
more than 5 degrees spring back; and annealed spring steel has as 
high as 15 to 20 degrees spring back. 

The Pad Fonn Die.—In general with dies where simple V tools 
cannot be used, the pad form die, as shown in Fig. i, is best known 
and is very satisfactory. As illustrated, the part to be formed is 
located by nests or pilot pins on the pad of the form die. At the 
downstroke of the press, the part is held between the punch and 
pad of the die and is formed up, as shown in Fig. 2. The forms 
thus obtained are deformations of the metal which are exceeding 
the elastic limit, thus remaining in the formed-up condition after 
the punch is releasing the part at the upstroke of the press. 

Figure 3 shows at ^4 a part formed up to exactly 90 degrees in the 
form die. The part shows a decided spring back, the amount of 
which depends on the characteristics of the metal from which the 
part is made and on the radius R in the corner of the bend. If the 
part had been “overbent” in the form die, as illustrated at B 
iFig. 3), it would have been a square-formed part after being 
removed from the form die, since the spring back would compensate 
for the overbend. 

There are several ways of accomplishing a compensation for 
spring back in a form die. Figure 4 shows an undercut of the 
punch, which allows the part to overbend. Since the spring back, 
after the part is removed from the form die, is the same amount 
as the overbend, the part will have an exact 90-degree form. 

Figure 5 shows a die that overbends the part by having the punch 
and pad of the form die ground with angular surfaces. The angle^ 
A is the amount of overbending and is to be found again by trial. 
Two-degree angular surface is again a good dimension for forming 
one-quarter hard cold-rolled steel, which is sometimes called C, or 
No. 3, temper stock, and possesses approximately 70 to 75 Rockwell 
B scale hardness. 
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Figure 6 shows another method of getting square-formed parts. 
The bottom of the punch is ground and possesses a slightly higher 
surface in the corner, which gives the metal a greater “setting” 
during the forming, therefore destroying elasticity of the metal 
and consequent spring back. Since with this method the struc¬ 
ture of the metal loses certain desired strength qualities, this 
method should be eliminated as much as possible. 

U Bends.—The method of forming a square corner U bend is 
shown in Fig. 7 and is practically the same as in Fig. 4, using an 
undercut punch. Another U bend method is shown in Fig. 8 and 
is largely the same as Fig. 5, the double angle being found by 
trial. 

It is very important in the making of a good working form die 
that the corner over which the part is formed be highly polished. 
Figure 9 shows the radius, which should be lapped or stoned to a 
very highly polished surface, thus allowing the part to be formed 
without galling up or scratching. The polishing of the radius should 
be done in the direction of the bend and not in the lengthwise 
direction of the form block. In case of a U form, it is important 
that the radii on both form blocks be the same. A small radius on 
one form block and a large radius on the other form block would 
cause a side strain on the part, as well as on the punch, allowing 
variations and inaccuracies in the form. 

Parts are sometimes located on a form pad of a form die by 
pilots, and if the pad has an angular surface for a compensating 
forming operation, the pilot should be located at a vertical (90- 
degree) position to this surface, as shown in Fig. 10. Any appre¬ 
ciable tilting of the pilot caused by regrinding of the angular surface 
should be corrected by regrinding or reestablishing the pilot hole 
in the pad. This will put the pilot again in a vertical position 
to the angular surface. 

The best forms, without breakage or cracks in the corner, are 
obtained with one-quarter hard, or No. 3 (sometimes also called 
“C” temper), cold-rolled strip steel, which bends 150 degrees 
“across” the grain, or at a sharp angle of 90 degrees “with” the 
grain, without showing any marks of failure. One-half hard, or 
No. 2 temper stock, will allow a sharp bend “across” the grain, but 
“with” the grain only a bend with a large radius can be made 
without showing signs of failure. Hard, or No. i temper, stock, 
is mostly used for flat work without forms. Any forming of this 
stock should always be done “across” the grain, and with a very 
large radius in the corner. 

SOFT-METAL PUNCHES AND DIES 

The use of soft-metal punches and dies was developed in aircraft 
shops for drawing small quantities of sheet-metal parts. Dies of 
zinc and punches of lead, answer the purpose but are short-lived. 
An alloy of aluminum, copper, magnesium, and zinc, known as 
Kirksite, is lighter, harder, and stronger, and is used for the dies. 
Cerro-matrix is also used for dies. It has a melting point about 
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25o®F. It is made by the Cerro de Pasco Copper Company. 
Cerrobase melts at 255°?. and Cerroben at 158°!'. This is used 
to fill small tubes for bending. It melts in boiling water. 

Punches of lead with from 6 to 10 per cent of antimony are still 
used, but where the work is severe Kirksite is also used for the 
punch. Its life is from three to five times that of lead. 

FORGING ALUMINUM ALLOYS 

The increased use of aluminum alloy forgings in warplane con¬ 
struction makes the following suggestions by the Douglas Aircraft 
Company of particular value. The formula is made to estimate 
the size of steam hammer necessary to make forgings of different 
sizes. It includes the actual area of the forging itself at the parting 
line, and the area of the smallest rectangle that will completely 
enclose the cross section of the piece to be forged, at the parting 
line. The two areas are multiplied together. The size of steam 
hammer necessary to forge parts with these areas multiplied 
together is given below. 

When the Actual Area Times the 

Rectangular Enclosing Area The Work Requires This 
IN Square Inches Is Size of Hammer 

Up to 150 2,000-pound board 

150 to 700 2,000-pound steam 

700 to 13,000 3,000-pound steam 

13,000 to 40,000 6,000-pound steam 

40,000 to 113,000 18,000-pound steam 

113,000 to 240,000 25,000-pound steam 

Over 240,000 35,000-pound steam 

If the part has a large amount of thin web or has corners and 
edge radii much below the usual sharpness, the next larger size 
hammer may be required. 

Time for Changing Die Sets. —One large airplane builder has 
fixed time allowance for setup and teardown of drop-hammer 
die sets as follows: For die sets weighing less than 1,000 pounds, 
19 minutes; from 1,000 to 4,000 pounds, 24 minutes; for dies over 
4,000 pounds, 32 minutes. 

Aluminum Materials Formed by Drop Hammers. —The common 
alloys used in drop-hamrner forming are: 3SO, 3SJH, 24SO, 24SO 
Alclad, S2SO, and S2SiH, Where certain parts are to be thickened 
(or shrunk) 3SO is better than 3S§H. When extreme stretch and 
thickening are needed, use 2SO. 

Alclad (aluminum alloy with a coating of pure aluminum) works 
well, the aluminum coating acting as a lubricant. Hard stock, 
such as 24ST and 24ST Alclad, is rarely used in drop-hammer 
drawing. 

Work-Hardening. —Such alloys as 2 SO and 3SO work-harden 
very little. But 24SO, 52SO, and 52SJH work-harden rapidly. 
Quick annealing by dipping in lead at 640 to 6so®F. gives a uniform 
“draw” of the work. 
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Aluminum For^g Temperatures.—Maximum temperatures for 
drop forging aluminum alloys are as follows: 


Alloy 

Degrees 

Fahrenheit 

Alloy 

Degrees 

Fahrenheit 

14S 

840 

AsiS 

880 

17S 

840 

S3S 

880 

18S 

820* 

70S 

840 

25S 

860 

73S 

820 

32S 

800* 



* These may be heated to 880 or 900°F. when forged in a press or an upset¬ 
ting machine. 


Draft. —For drop forging dies 7® is recommended. Forging 
presses require only i degree, upsetters i degree. 

Beeswax is a good lubricant for dies forging aluminum. 

Forging Hammer Foundations. —Experience suggests making the 
foundations for drop hammers twice the weight of the hammer 
itself. 


WELDING 

Tube Welding for Maximtun Strength.—The A. 0. Smith Com¬ 
pany has developed a method of arc welding tubular and similar 


120,000 Lb. per Sq. In 120,000 Lb. per 5q. In. 

I-I- 

Fif should be wiihin B 

a few fhouandihs 
A 

Fig. II. —Welded joints. 


structures to secure maximum strength. The thickness of metal 
at the weld is increased by having the tube go over the mating 
member, as at A (Fig. ii), leaving a gap for the metal of the weld. 
Similar results are obtained by reinforcing the upset ends of the 
tubes with a ring beneath the weld. Table i gives the proportions 
of the various parts of the mating parts that have given best results. 

Atonuc Hydrogen Welding.—Atomic hydrogen welding is the pro¬ 
cedure in which the arc is usually drawn between two electrodes that 
are surrounded by hydrogen gas to exclude air. The welding rod is 
fed into the arc. This has been found more satisfactory in most 
cases than drawing the arc between the welding rod and the work. 
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Table i.—Dimensions for High-Strength Welded Joints 
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Heliarc Welding.—Heliarc welding is a method developed by 
the Northrop Aircraft Company for welding magnesium. It uses 
a tungsten electrode for drawing the arc with the casting that is 
being welded and utilizes a welding rod held in the hand. The arc 
is direct current. The electrode is enclosed in a tube through 
which pure helium gas is blown to surround the arc and exclude 
the air. 


WIDTH OF KERF IN FLAME CUTTING 

Thickness of metal affects the width of kerf in cutting with 
oxyacetylene torch. Beginning with a minimum kerf of ^ inch 
for 1-inch plate, the usual kerf increases slowly to i inch for a 12-inch 
depth of cut. Roughly, it increases about ^ inch for each inch of 
plate thickness. The speed of cutting decreases more slowly. 
Taking 20 inches per minute as the cutting speed for J-inch plate, 
2-inch plate can be cut at about 10 inches per minute, 6-inch plate 
at half this rate, and a fairly regular decrease up to plates of 12 
inches in thickness. 


TUMBLING WORK 

Recent Practice. —Proper tumbling has many intricate problems 
because there are so many variables involved. These include the 
results desired; the materials to be tumbled, their size and shape; 
the abrasives and other materials used; the shape and speed of 
the tumbling barrels; the length of time and whether to use wet 
or dry tumbling. 
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Taking Catalin as an example, it has been found that wet tum¬ 
bling is best when articles are very rough. A lo- to is-gallon keg 
or a square barrel of soft wood with end-over-end motion is sug¬ 
gested. Do not load above the center line in any tumbling. Barely 
cover the contents with a solution of 4 ounces of FFF pumice to 
12 quarts of water. For heavier work add 2 quarts of i-inch- 
diameter gravel. Run 30 r.p.m. for i hour for a good matte finish. 
Makers of tumbling barrels can give much valuable information 
on tumbling different materials. 

Dry Tumbling. —Well-machined parts rarely need wet tumbling. 
Use nexagon- or octagon-shaped barrels running 30 r.p.m. from 
5 to 12 hours. Use 3 parts pegs, 2 parts of articles being tumbled, 
I cup FFF pumice, li cups paraffin or flushing oil. Clean with 
kerosene-soaked sawdust (2 quarts kerosene to 12 quarts coarse 
hardwood sawdust) in a small barrel running over and over for 
5 minutes. Use about one-half sawdust and one-half articles. 
Sawdust can be used more than once. Every tumbling job presents 
its own problem. The National Cash Register Co., Dayton, Ohio, 
has made a careful study of tumbling parts of various sizes and 
materials. 

ZYGLO METHOD OF DETECTING CRACKS 

The Magnaflux Corp. have developed a method of detecting 
crack in any material, magnetic or nonmagnetic, known as Zyglo. 
The work is dipped in a special Zyglo penetrant, or it is brushed or 
sprayed on the work. Then the piece is rinsed to remove surface 
material. Dry parts are placed in a tank and are dusted with a 
powder. When examined under a black light” the penetrant 
powder becomes fluorescent whenever it has entered a crack or 
cavity, and shows defects very plainly. 
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INSPECTION 

♦ GAGES 

Tolerances of Gages.—Interchangeable manufacture must 
allow for the gage maker’s variations as well as for the wear of the 
gages. The chart shows the wear allowances and the gage maker’s 
tolerances approved by the United States Ordnance department. 
For component tolerances not given the next smaller tolerance 
should be used. Column i shows the total tolerance of the product, 
column 2 the wear allowance on the “go” gage, column 3 the 
tolerance on the “go” gage, and column 4 the tolerance on the 
“not go” gage. There is no wear allowance on the “not go” 
gage because it wears toward the “go” gage and in the direction 
of safety. 

Glass Gages.—Shortage of gage steel led to the substitution of 
glass at the Frankford Arsenal, and the results have been favorable. 
Among the gages made were plain “go” and “not go” gages, plain 
double-end gages, ring gages both “go” and “not go,” combination 
ring and snap gages, profile and position gages, chamfer gages, and 
certain types of flush-pin gages. 

Two groups of these gages are shown in Figs. 1-6. Glass 
plug gages have the front or entering end beveled at 30 degrees to 
prevent chipping. 

Lt. Col. J. A, Stone, Executive Ofliccr at the Frankford Arsenal, 
cites the following advantages of glass gages: 

1. In the production of glass gages there is a saving of tool steel. 

2. Glass gages afford visibility in inspection. 

3. Extended use of glass gages will release for other production 
machine-hours and man-hours now consumed in annealing, machin¬ 
ing, heat-treating, and eliminating distortion of steel gages. 

4. Glass gages are not subject to corrosion. 

5. Since glass gages do not rust, greasings and degreasings neces¬ 
sary for steel gages during shipment and storage are eliminated. 

6. Because thermal conductivity of glass is less than steel, body 
heat of inspectors will not be transmitted so rapidly to the gage 
to affect gaging dimensions. 

7. Scratches and slight chipping on glass neither burr glass 
gages nor change their gaging functions. 

8. Where the part being inspected is very near the size of the 
gage, there is less tendency for it to seize or gall on glass than on 
steel. 

9. Sense of feel is more pronounced when using a glass gage. 
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Fig. I. —Glass ring gages. 
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Fig. 2.—Glass contour gage. 




Fig. 4.—Glass snap and hole gage. 
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10. The use of glass will teach inspectors to handle gages care¬ 
fully. 

11. Glass appears to have better abrasion-resisting qualities 
than steel for gaging applications. 

12. When a steel gage is dropped it may spring or deform, and its 
gaging functions may thereby be impaired. A glass gage either 
breaks or it remains dimensionally unchanged. 



It is interesting to note that surface plates are now being made 
from glass, marble, and granite, instead of only from cast iron as 
formerly. 

Gage makers’ tolerances are given in Table i. 


0 . 4757 " 0.4660" 
0.0002 ^O.OOOi 



LATHE TOLERANCES 

Inspection is such a vital part of war materiel that we give 
the latest data regarding gages for Ordnance Department work 
and the American Standards Association standard inspection for 
engine lathes. These were adopted in May, 1Q41. The latter is of 
special value in view of the large number of lathes that will require 
reconditioning after the war to fit them for peacetime work. 



Table i.—Wear Allowances and Gage Makers* Tolerances 
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Fig. I. —^Accuracy of engine lathes. 
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Fig. I. —Accuracy of engine lathes.— Continued. 





Toolroom 12- to i8-in., inclusive, 20- to 36-in., inclusive 
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HYDRAULIC SYSTEMS ON MACHINE TOOLS 

Increasing use of hydraulics for power and feeds of machine tools 
makes it necessary to know the factors that affect operation. 
According to John Sasso, oils should be checked for viscosity, 
stability, pour point, flash point, corrosive tendencies, emulsifica¬ 
tion, and foaming. 

Testing Oils.—Viscosity is a measure of the internal friction— 
with too high a viscosity, excessive fluid friction causes heating, 
loss of power, and sluggish action. Stability is ability of the oil 
to resist decomposition over a period of time. Such decomposition 
results in gumm^ deposits on valves and moving parts, causing 
sticking and jerky operation. Pour point indicates the oil behavior 
at low temperatures, at which it becomes viscous enough to cause 
trouble. Flash point is the measure of the fire risk; in an open 
system the temperature at which the oil gives off inflammable 
vapors in an important consideration. 

When an oil is easily emulsified, the frothy mixture that results 
is compressible; this will cause errors in amount of ram and valve 
motion. Emulsification increases if certain compounds of sulphur, 
soaps, fatty oils, and organic acids are present. If the oil level is 
low, the foam may cause oil to be lost by ‘‘bubbling over,’’ uncover¬ 
ing pump suction and allowing air to enter the system. 

Faulty lubrication caused by thin oil is usually shown by inability 
of the system to develop and hold desired pressures, overheating 
of the pump, or a reduction in power output. Noisy operation 
and lack of positiveness in the drive indicate lack of oil and presence 
of air or gasified oil mixtures. 

Recommendations.—Only highly refined oils entirely free of 
abrasive or contaminating foreign matter should be used. High 
demulsibility, or water-separation ability, is not always essential, 
unless the system is subject to water leakage. On the other hand, 
low oxidizing and low carbon residue-forming tendencies are impor¬ 
tant characteristics. 

Manufacturers^ viscosity recommendations usually range from 
140 to 1,200 seconds Say bolt at ioo°F., depending on the make of 
pump. High pumping pressures and operating temperatures will 
call for heavier oils, the range depending upon the type of system. 
Oilgear recommends an oil of approximately 320 seconds Saybolt 
universal visco.sity at ioo°F. for general service, and lighter oils 
of 140 viscosity where temperatures between 30 and 45®F. prevail. 
Hele-Shaw suggest oil of approximately 1,000 seconds Saybolt at 
ioo°F. for maximum-pressure operations or high temperature. 
The Waterbury hydraulic system requires an oil of medium vis¬ 
cosity, about 320 seconds Saybolt at ioo°F. 
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Table 2.—Hydraulic-System Difficulties and Remedies 


Machine 

Characteristics 

Oil Characteristics 

Slows down on tem¬ 
perature rise 

Oil too light 

Erratic action, 
foaming or aera¬ 
tion of oil 

Sluggish 

Poor demulsibility, 
high surface tension 
of oil—Oil has ab¬ 
sorbed moisture 
Viscosity too high 

Corrosion of hy¬ 
draulic system 
parts 

Too high in acidity, 
oil may be com¬ 
pounded of harmful 
ingredients 

Sticking valves (hy¬ 
draulic) 

High oxidation, oil 
not properly refined 

Excessive leakage 

Oil too light and/or 
viscosity index too 
low; also loose con¬ 
nections or excessive 
clearances 

Pump noisy 

Oil viscosity too high, 
causing excessive 

pressure drop in in¬ 
take line, or intake 
line too small, creat¬ 
ing excessive oil ve¬ 
locities 


Remedy 


Use heavier oil to re¬ 
duce leakage in 
pump, motor, cylin¬ 
der, etc. 

Use oil with proper 
demulsibility 


Use viscosity specified 
by manufacturer when 
sluggish at tempera¬ 
ture, especially on 
starting, use low- 
pour-point oils 
Specify acid-free min¬ 
eral oil, neutraliza¬ 
tion number of o.io 
maximum for com¬ 
bined acidity, saponi- 
fiables less than i 
per cent 

Check operating tem¬ 
perature. Do not ex¬ 
ceed 140 to i6o°F. 
for best results. If 
temperature is satis¬ 
factory change to 
stable high index oil 
Tighten all connec¬ 
tions and check clear¬ 
ances. If leakage is 
still excessive, use 
heavier or higher in¬ 
dex oil 

Use higher index or 
lighter oil. Use oil 
of lower pour point. 
Check pump intake 
size and install larger 
line if necessary 


The data in Table 2 are an extension of the table appearing on 
page 559 of the “American Machinists^ Handbook.” The sizes 
given are now in use, having been developed during the war. 







SECTION IX 

METAL-CUTTING SAWS 

* 

HACK AND BAND SAWS 

The experience of different makers and different users of metal¬ 
cutting saws does not always agree. New conditions of operation 
and new mixtures of metals have their effect on recommended 
practice. The following data are recommendations from a well- 
known maker of saws for metal, Henry Disston & Sons, Inc. 

POWER-HACK-SAW BLADES 


Table i.— To Obtain Greater Efficiency and Make Hack-Saw 
Blades Last Longer 


Failure 

Cause 

Correction 

Pulling out 
at pinhole 

Blade drawn too tight 

Reduce tension on blade. 
Allow just enough to 
hold it straight and pre¬ 
vent twisting 

Blade twisting in cut 


Feed too heavy 

Reduce; see Table 2 


Speed too great 

Reduce to recommended 
speed 

Premature 

wear 

Incorrect tooth spacing 

Use number of teeth 
recommended for mate¬ 
rial 


Insufficient feed 

Increase feed as recom¬ 
mended 


Dry cutting 

Use coolant 

Stripping 

Tooth spacing too coarse 

Use number of teeth 
recommended for mate¬ 
rial 

teeth 

Teeth too fine for material 
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Table i.—T o Obtain Greater Efficiency and Make Hack-Saw 
Blades Last Longer .—Continued 


Failure 

1 Cause 

Correction 

Crooked 

cuts 

Worn frame 

Check machine for wear 
and adjustment 

Frame out of line with 
vise 

Blade loose in frame 

Adjust 

Stock not tight in vise 

! 

Inspect clamps and 
tighten 

Feed too heavy 

Reduce; see Table 2 

Worn-out blade 

Install new blade 

Hard spot in material ’ 

Start new cut. May re¬ 
quire new blade 

Blades 

breaking 

Insuflicient tension 

Make adjustment 

Tooth spacing too coarse 

Use number of teeth 
recommended for mate¬ 
rial 

Feed too heavy 

Reduce; see Table 2 

New blade in unfinished 
cut 

Start new cut 

Side strain on blade 

Worn out. Change blade 


Table 2.—Recommendations for Cutting Specific Materials 
WITH Hack-Saw Blades 


Material 

Number 
of Teeth 
per Inch 

Strokes per 
Minute 

Feed, in 
Pounds 

Aluminum. 

4 to 6 

135 to 150 

60 

Brass, cast: 

Soft. 

6 to 10 

135 to 150 

60 

Hard. 

6 to 10 

13s 

60 

Cast iron. 

6 to 10 

13s 

120 

Copper. 

6 to 10 

13s 1 

120 

Tool steel. 

4 to 6 to 10 

90 , 

120 

Cold-rolled steel. 

4 to 6 

13s 

ISO 

High-speed steel. 

6 to 10 

90 

120 

Machine steel. 

4 to 6 

13s 

ISO 

Iron pipe. 

10 to 14 

135 

120 

Structural steel. 

6 to 10 

135 

120 

Tubing: 

Steel. 

14 

135 

60 

Brass. 

14 

135 , 

60 
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FLEXIBLE-BACK METAL BAND SAWS 


Table 3.—To Obtain Greater Efficiency and Make Flexible- 
Back Metal Band Saws Last Longer 


Failure 

Cause 

Correction 

Stripping 

teeth 

Tooth spacing too coarse 

Use recommended spacing 

Starting cut at extremely 
thin section of material 
or on a corner 

Start cut where several 
teeth will contact mate¬ 
rial at same time 

Premature 
wear and 
loss of set 

Speed too fast 

Reduce; see Table 5 

Rubbing in guides 

Adjust so that teeth 
project beyond guides— 
also so that teeth pro¬ 
ject over edge of wheels 

Riding on wheels 

breaking 

Twisting in the cut 

If irregular cutting, use 
proper width saw for 
radius 

Misalignment of guides 

Adjust so that top and 
bottom guides are in 
alignment 

Guides set too far apart, 
allow band to twist 

1 1 

Always adjust guides as 
close as possible to piece 
being cut 

Insufficient tension 

Adjust tension to approx¬ 
imately 300 pounds per 
inch of saw width 

Allowing band to remain 
in tension when not in 
use 

Remove saw from ma¬ 
chine or release tension. 
Where extreme differ¬ 
ences of temperature 
occur, this practice will 
prevent breakage 

Cutting out 
of line 

Misalignment of guides 

Adjustment should be 
made 

Spacing of guides 

Set as close as possible 

Set worn on one side due 
to contact with wheels 
or guides 

Adjust so that teeth 
project beyond guides— 
also so that teeth pro¬ 
ject over edge of wheels 

Feed too heavy 

Reduce feed or use coarser 
tooth saw 
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Table 4.— Recommended Band-Saw Widths 

Width of Band Saw, 

Minimum Radius to 

Inch 

Be Cut, Inches 

A 

A 

A 

A 

i 

i 

A 

A 

1 

4 

i 

3 

s 

ij 

1 

2' 

2i 


3 

1 

4 

4 i 

I 

8 
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Table 5.—Recommendations for Cutting Specific Materials 
WITH Hard-Edge Flexible-Back Metal-Cutting Band 
Saws 


Material 

Number 
of Teeth 
per Inch 

speed of Blade, 
in Feet per 
Minute 

Aluminum: 

Solids. 

8 to 10 

800 to 2500 

Sheets. 

8 to 10 

1000 to 3000 

Aluminum alloys :c 

Solids. 

8 to 10 

100 to 150 

Irregular shapes. 

12 to 14 

200 to 300 

Asbestos sheets. . 

8 to 12 

ISO to 200 

Babbitt. 

10 to 14 

1000 to 1500 

Bakelite. 

8 to 10 

800 to 1000 

Brass castings: 

Soft. . 

10 to 14 

700 to 1500 

Hard. 

10 to 14 

200 to SOO 

Brass sheets and tubing. 

14 to 18 

700 to 1500 

Bronze: 

Bars. 

10 to 14 

150 to 350 

Castings. 

10 to 14 

300 to 800 

Mouldings. 

14 to 18 

500 to 1000 

Cast iron. 

12 to 14 

100 to 125 

Catalin. 

12 to 14 

700 to 800 

Copper. 

8 to 12 

500 to 1000 

Copper—nickel. 

12 to 14 

70 to 90 

Everbright. 

10 to 12 

150 to 350 

Everdur. 

10 to 12 

150 to 350 

Fiber. 

8 to 10 

300 to 500 

Formica. 

8 

300 to SOO 

Hose—canvas and rubber. 

8 to 10 

SOO to 1000 

Hose—metallic. 

18 to 24 

250 to SOO 

Inconel. 

10 to 12 

70 to 90 

Iron bars. 

12 to 14 

100 to 125 

Iron sheets (under jV-inch). 

14 to 18 

100 to 250 

Metal wood. 

12 to 14 

300 to 750 

Mica... 

10 to 12 

300 to 600 

Micarta. 

8 

300 to 500 

Monel metal. 

10 to 12 

100 to 150 

Nickel silver. 

18 to 24 

100 to ISO 

Pipe. 

14 to 18 

100 to 200 

Radiator core. 

18 to 24 

ISO to 400 

RiihV)f*r-. 

10 to 14 

ISO to 200 

Slate. 

10 to 14 

100 to ISO 

Steel: > 

Chromium. 

12 to 14 

90 to I2S 

Cold-rolled. 

10 to 12 

100 to 125 

Drill rod. 

14 

100 to 125 

Heat-resistant. 

12 to 14 

90 to 125 

High-speed. 

12 to 14 

90 to 125 

Machinery. 

10 to 14 

100 to I2S 

Manganese. 

10 to 12 

90 to 100 

Nickel. 

10 to 14 

90 to 125 

Structural. 

10 to 14 

90 to I 2 S 

Tool. 

12 to 14 

100 to 125 

Tubing. 

14 to 18 

100 to 150 

Textolite. 

8 

300 to SOO 

Transite. 

8 to 12 

100 to 200 
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HAND HACK-SAW BLADES 

Table 6 .—To Obtain Greater Efficiency and Make Hand 
Hack-Saw Blades Last Longer 


Failure 

Cause 

Correction 

Pulling out 
at pin hole 

Blade too tight 

Reduce tension. Allow 
just enough to hold 
blade straight and pre¬ 
vent twisting 

Blade twisting in cut 

Stripping 

teeth 

Tooth spacing too coarse 

Use number of teeth 
recommended for mate¬ 
rial 


Insufficient tension 

Make adjustment 


Tooth spacing too coarse 

Use number of teeth 
recommended 

Blades 

breaking 

New blade in unfinished 
cut 

Start new cut 


Side strain on blade 

Do not bend frame side¬ 
ways 


Twisting blade 

Use firm straight stroke 

Premature 

Pressure on back stroke 

Lift slightly on back 
stroke 

wear 

Insufficient pressure 

Cut slowly with pressure 
on forward stroke 
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Table 7.—Recommendations 

Number 
OF Teeth 

PER Inch Kind and Type of Material 

14 For materials equivalent to i-inch round or more— 
aluminum, brass, bronze, cast iron, copper, cold-rolled 
steel, structural steel, rails, etc. 

18 For materials J to i inch in diameter. Also tool steels, 
drill rod, cold-rolled steel and medium-weight structural 
shapes^ 

24 For materials J to i inch in thickness. Also pipe and 
tubing, BX cable, heavy sheet metal, moldings, etc. 

32 For materials less than i inch in thickness. Also tubing, 
BX cable, sheet metal, moldings, etc. 

Note: It is suggested that blades of the flexible type be used where the 
^erator is required to assume an awkward position, such as on a ladder. 
This situation often confronts electricians, plumbers, and garage mechanics. 

High-Speed Band Saws. —Bell Aircraft Company runs band 
saws for metal at 12,000 feet per minute—8,000 feet per minute 
for wood. They are carbon-steel blades and cut any metal up to 
armor plate, also glass. They are really hot saws, according to 
Arthur A. Schwartz, chief tool research engineer. The teeth 
heat the work, and the oxygen carried in between the teeth burns 
the metal, as with torch cutting. 

On thick metal it is necessary to feed oxygen into the cut, the same 
as with torch cutting. 
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FRICTION DISKS AND HOT SAWS 

Table 8 .—To Obtain Greater Efficiency and Make Hot 
Saws Last Longer 



CORRICT INCORRICT 


Failure 

I 

Cause 

\ Correction 


Insufficient speed 

Should run at 22,000 to 25,000 
feet per minute rim speed 

Cracking 

Improper water- 
supply 

Cooling waters should be applied 
at point where rim of saw leaves 
cut. Pressure should be at least 
90 to 150 pounds—preferably 
300 pounds 


Slipping on spindle 

Tighten arbor nut 


Insufficient speed 

Should be 22,000 to 25,000 feet 
per minute 

Picking up 
or loading 

Lack of feed power 

Supply sufficient power to force 
saw through material as fast as 
possible 

Ui LCCtil 

Improper water 
supply 

Apply as recommended to keep 
blade as cool as possible. Also, 
prevent water from touching 
hot work 


Data regarding hot saws, band saws and files are from Henry Disston & 
Sons, Inc. 
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Table q.-^To Obtain Greater Efficiency and Longer Life 
FROM Friction Disks 


Failure 

Cause 

Correction 

i 

Insufficient speed 

Should run at 22,000 to 25,000 
feet per minute rim speed 

Cracking 

Improper water 
supply 

Cooling water should be applied 
at point where rim of saw leaves 
cut. Pressure should be at 
least 90 to 150 pounds—prefer¬ 
ably 300 pound 1 


Slipping on spindle 

Tighten arbor nut 


Insufficient speed 

Should be 22,000 to 25,000 feet 
per minute 

Picking up 
or loading 
of hobbed 
or 

nicked rim 

Lack of feed power 

Have sufficient power to force 
saw through material as fast as 
possible 

Improper water 
supply 

Apply as recommended to keep 
blade cool and allow material 
to heat to a red color. Prevent 
water from reaching the work 
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CIRCULAR AND BAND SAWS FOR PLASTICS^ 


Table 10.—Narrow Band Saws for Cutting Plastics 


Failure 

Cause 

Correction 


Saw too thick for wheel 
diameter 

Choose saw of gage to suit wheel diam¬ 
eter. See recommendation chart 


Rubber bands worn, al¬ 
lowing uneven strain 

Replace the worn rubber bands 

Cracks in 
gullets 

Teeth set too deep, al¬ 
lowing blade distortion 

Adjust set 

Dull teeth 

Braze saw where cracked, if possible. 
Keep sharp, using recommended 
band-saw taper file 


Teeth incorrectly shaped 

Braze saw where cracked, if possible. 
Face of each tooth should be radial— 
no hook or rake 

Set first, then file straight through with 
high corner on outside 

Saw 

stretched 

Too much pressure 
against back guide 

Replace saw; adjust back guide so 
back edge of saw merely touches 
when material is fed to saw 


Not correctly strained 
on wheels 

See Table l for correct amount of 
strain 

Saw not 
holding 
to line 

Saw too thin or too nar¬ 
row for material being 
cut 

Select saw of the correct thickness and 
width for the material to be cut 

Incorrect adjustment of 
guides 

Place the upper guide in a position to 
just clear work: the bottom guide as 
close as possible to bottom of saw 
table. Adjust guide pins on both 
guides to just clear sides of saw back 
of the set line 

Broken 

teeth 

Setting anvil bevel too 
sharp 

Round off sharp angle. Joint and refit 
saw to bring broken teeth to even 
length 

Breakage 
at braze 

Braze made improperly 
or poorly finished 

Brazed portion of the saw should be of 
the same thickness as the balance of 
the saw. Too thin, saw is weak at 
the joint; if too thick, saw will hang 
up in the guides. After finishing 
braze, heat slightly to restore temper 


Note: When gullets are cracked, first take care of correction to prevent 
recurrence; then braze saw where cracked when practicable, and sharpen. Do 
not operate a saw that is cracked. 


1 Unless otherwise specified, the saws covered in Tables lo to 13 are ten¬ 
sioned for a rim speed of 10,000 feet per minute. 
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Table ii.—Hollow-Ground, Solid-Tooth Circular Plastic 

Saws 


Failure 

Cause 

Correction 


Incorrect tension for op¬ 
erating speed 

Check mandrel speed. Replace 

cracked saw with one of correct 
tension 


Casehardening in gullets 

Replace cracked saw. Avoid case- 
hardening by light grinding with soft 
V. heel 

Cracks in 

Dull teetfl 

Replace cracked saw. Keep teeth 
sharp and corners prominent 

gullets 

Incorrect lead or rake to 
teeth 

Replace with new saw. Study the 
job. Some plastics require teeth 
with positive rake; others require 
teeth with slight negative rake; others 
should have teeth with radial face 


Incorrect thickness and 
incorrect teeth 

Replace cracked saw. For thin work 
use a thin-gage saw with fine teeth; 
for thick work use a coarser tooth, 
heavier saw 

Over¬ 

heating 

Usually insufficient 
clearance. Dull teeth 

As saw is reduced in diameter, the side 
clearance is also lessened. Have saw 
reground with correct clearance. 
Resharpen 

Leading ' 
in the 

Teeth incorrectly sharp¬ 
ened 

For plastics, teeth should be sharp¬ 
ened straight across—no bevel either 
on face or back of teeth. For softer 
plastics, suggest bevel on face and 
back of teeth alternately. Be sure 
all teeth are the same height 

cut 

Saw too thin for the 
work 

1 

If a thin saw must be used, feed slowly. 
A thicker saw is recommended for 
thick hard plastics; a thinner saw 
may be used on thinner material, 
especially on the softer plastics 


Table 12.—Gage of Saw to Size of Wheel 


Size of wheel, in inches.., 

12 

16 

18 

20 

24 

30 

36 

42 

Gage of saw. 

26 

24 

24 

22 

22 

22 

21 

20 


Table 13.—Band-Saw Tension or Strain 


Width of blade, in 
inches. 

i 

i 

1 


f 

i 

i 

I 

li 

Tension, in pounds.. 

25 

55 

100 

160 

200 

240 

280 

320 

440 
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MACHINISTS’ FILES 

Table 14.—How to Obtain Greater Efficiency and Make 
Machinists’ Files Last Longer 


Failure 

Cause 

Correction 

Stripping 

teeth 

Choppy or fast filing stroke 

Use long, steady, uniform 
stroke 

Too coarse a file for the job; 
or using wrong file 

Use finer cut. 

Too much pressure 

A new file bites into the work 
more easily. File lightly at 
first 

Work held improperly 

Work to be filed should be held 
tightly in vise 

Premature 

wear 

Improper pattern, size, or cut 
of file 

Refer to Table is 

Dragging file on return stroke 

Raise file slightly on return 
stroke 

Filing too fast (or running 
work in lathe too fast) 

Use long, steady, uniform 
stroke. Reduce speed so file 
does not slide or glaze 

Too much pressure 

Ease up on filing stroke 

File clogging 

Refer to recommended file and 
cut and use file card and 
brush 

Rusty files 

Protect file when not in use 

Careless handling 

Respect vour file as a cutting 
tool and treat it accordingly 

Breakage 

Cleaning file by knocking 
against vise or work 

Use file card and brush 

Careless handling 

Do not drop or use as a lever 
for prying 

Too much pressure 

On a new file apply light pres¬ 
sure. Ease up on filing 
stroke 

Clogging 

Improper tooth and cut 

See Table is 

Soft or tough gummy mate¬ 
rials such as lead, aluminum, 
etc. 

Draw the file back lightly 
along the metal on the return 
stroke so as to clean the teeth 

Too much pressure 

A new file bites into the work 
more easily and clogs. File 
lightly at first 

General clogging 

Use a file card and brush to 
remove chips that lodge in 
the teeth. By chalking cut¬ 
ting teeth, clogging can be 
avoided, and smoother work 
produced with less scoring 
and scratching 
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Table 15.—Guide for the Selection of the Proper File for 
THE Job* 

Roughing, Where rapid remov- Flat surfaces—flat, hand 
al of metal is the object, bas- Holes—Round, square, three- 
tard files should be selected; square, half-round 
however, where the work is of Corners—round, square, three- 
thin gage or light stock, choose square, half-round 
a second cut or smooth file Slots—Knife, pillar, warding 
with teeth of finer spacing, for 
filing across the thickness 

Finishing. Where^work is to be Flat surfaces—Flat, hand 
smoothed or finished, select smooth. A mill bastard or 

second cut or smooth files. mill second cut is more desir- 

All thin and hard materials re- able for a very smooth finish 
quire smooth files Lathe—Mill, flat 

Holes—Round, square, three- 
square, half-round 
Corners—Round, square, three- 
square, half-round 
Slots—Knife, pillar, warding. 

* Machine shop files are divided into three degrees of coarseness, depending 
upon the spacing of the teeth, into bastard as coarsest, second cut as medium 
coarse, and smooth as finest. With the exception of the mill, mill-lathe, and 
shear tooth patterns, all the files in this group are double cut. 
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STOP—Arm Extended, Hgnd 
Level with the Hip, Hold Position 
Rigidly. 


RACK—Arm Extended, Hand 
Just Above Hip, Fingers Closed, 
Thumb Extended Horizontally. 
Jerk Hand in Direction of Racking. 



TRAVEL - Forearm Vertical, EMERGENCY STOP-Arm Ex^ 

Hand Open. Wave Forearm In tended, Hand Level with the Hip, 

Direction of Travel. Wave Hand Quickly to Right 

and Left. 

CAUTION—Crane Operaters ere else InstnKted to observe signals Only from persons 
duly CHithorised for crone service, end under no circumstances to move a lead until 
the signol is received from the proper man. 










INDEX 


A 

A.A.R. standard ^lowances, for 
different fits, 1106 
standard classification of loco¬ 
motive repairs, 1166 
standard crankpins, 1190 
standard limits of wear for 
locomotive parts. 1187 
standard locomotive driving axles, 

1191 

standard tire-tuming tools, 1168- 
1171 

standards, 1168-1191 
steels for use in railroad work, 

1188 

(See also Locomotives) 

Abrasive bonds (see Bonds, abrasive) 
Abrasive cutting, 1421 
Abrasive cutting-off wheels, 522 
Abrasive flours for lapping, 538 
Abrasive sticks for honing, 531 
Abrasives, aluminum oxide, sug¬ 
gested uses, 486-488 
commercial, 480, 487 
grain for flexible grinding or 
polishing, 526 

grain and grade defined, 483 
grain sizes, Norton, 483 
grain spacing or structure, Norton, 

in lapping, 532-540 
combinations, 539 
selecting for grinding, 487 
in superfinish, 540 
trade names of, 482, 487 
types of, 483 

wheel grade markings, 485 

(See also Grinding; Grinding 
wheels; Honing; Lapping) 
Accurate taper gagCj 785-789 
Accurate tool setting with com¬ 
pound rests, 329 

Accurate work, punch and die 
clearance for, S 97 
Acid, boric, use in brazing, 210 
etching fluid for steel, 1061 
pickling, strength and tempera¬ 
ture, 1062 
soldering, 207 

Acme form screw thread, formulas, 

58, 59 , 60, 71 

Acme Gridley screw machines, s82g 
Acme screw threads (see American 
National Acme screw threads) 

Acme threads, 1340 
Acme tool joint thread, Hughes, 110 
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Acorn dies for Brown & Sharpe 
automatics, 560 
Adamite, 482 

Adapters, for air cylinders for 
machine tools, 578 
for milling machine spindles, 875 
for multiple-spindle drill heads, 
adjustable body dimensions, 
926 

adjusting nuts for, 928 
assembly dimensions, 925 
Addendum of gear tooth, 2301 
long and short, 249 

(See also (rear teeth; Gears) 
Addendum corrections for long spur- 
gear teeth, 254-2546 
Adjustable laps, lead, 535 
Adjustable-speed motors, 986 
Admiralty metal, composition and 
uses, 1064, 1066, 1070 
Advances in turning practice, 346a 
A.G.M.A., fine-pitch gear-tooth 
parts, 275d--275g 

formula for horse-power of non- 
mctallic gears, 296-298 
formulas for worms and worm 
gears, 298, 300-303 
maximum sprocket speeds and 
chain velocities, 314 
non metallic gears and pinions, 
294-298 

practice in worm-gearing design, 

303 

standard keyways for holes in 
gears, 898 

tentative standard, 20-degree 
pressure angle (enlarged pin¬ 
ion), fine-pitch gears, 252a 
worm and worm gear tolerances, 
306a-306d 

Air and automatic gaging, 771. 78 o 
Air cylinders, rotating, for machine 
spindles, 578 

Air pressures, for sand shot and grit 
blasting, 527 

Air pumps, locomotive, limit of 
wear, 1187 

Air quenching, of alloy steels, 1026 
of high-speed steels, 1030, 1033 
Aircraft sheet metal, cutting 
methods, 640«-64oi 
profiling, 640®, 640g 
routing, 640^, 640/ 
sawing, 640^, 640^ 
shearing. Hydro-press, 640^- 
640m 

punch press, 640^, 640A5 
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Aircraft sheet metal, shearing, 
straight, 640/t. 640« 
rotary, 6401, 640^ 
forming methods, 640W-640X 
contouring rolls. 640M, 6401; 
corrugating and forming rolls, 

640a, 640r 

deep-draw press, 640V, 640W 
draw bench, 640s, 640/ 
drop hammer, 640/, 640M 
flanmng machine, 640^, 640^ 
Hydro-press, 6400, 640^) 
punch press, 640^, 640X 
power Drake, 640X 
shrinking machine, 640m, 64on 
spinning lathe, 640n, 6400 
stretcher press, 640^, 6495 
Aircraft sheet-metal materials, prop¬ 
erties of, 640/, 640n, 6400, 640r, 
bdow, 640JC 

Aircraft tubing, proposed standard 
sizes, 6406-640^ 

Airplane engine, cylinders, honing, 
531 

pistons and rings, standard over¬ 
size, 1162 

Pratt & Whitney, fits and clear¬ 
ances of parts, 1163 
A.L.A.M., horse-power rating for 
gasoline engines, 968 
Alcumite, physical properties, 1077 
Al-fin process for joining aluminum 
and steel, 229 

Aligning of shafting by steel wire, 
976 

Allowance, A.S.M.E. equivalent 
terms, 751 

for backlash of gears, 1427 
in broaching, 643 
for cored bolt holes, railroad shop, 
1186 

definition, 3, 172, 735, 751 
for die clearance, 603-605 
for drill size for reamed holes, 141 
for drilling for dowel-pin clear¬ 
ance, 152 

between fitting parts, definition, 
735 

left by hollow mills for finishing. 


on lathe work for grinding, 516 
for reaming, 575 

negative, classes of fits, 738, 743“ 
750 

for punch and die clearance, 604, 
606-608 

for accurate work, 597, 599 
for boiler work, 599 
for punched holes, 1186 
for stud fits, in aluminum, 189,694 
in brass and bronze, 694 
in cast iron, 188, 694 
tolerances, diagram, 725 
for turned bolts, xi86 
for wear in plug gages. 760-761 
iSee also Tolerances) 
Allowances, for boltheads and 
upsets, 930 ' 

in boring, for threading work, 545 


Allowances, Brown & Sharpe, for 
lathe work to be finished by 
grinding, 516 
Diesel engine wear, ii86a 
for fits with caliper side play, 721 
grinding bronze bushings, 577 
centerless, 520 
internal, 521 
shafts and spindles, 480 
sleeves and cams, 480 
for honing, 531 

for job set-up time on shaper, 345 
for lapping flat work, 533 
for lapping holes, 534 
for lapping ring gages, 535 
for locomotive fits (see Fits, 
in locomotive work; Loco¬ 
motives) 

for 90-degree bends, 630-632 
for reaming, 169 
for shaving dies, 602 
Allowances for tap drills, 147 

for threading on screw machine, 
546 

and tolerances, for metal fits, 
732-755 

British Standard limits and 
fits, 769, 772-779 
formulas for, 754 
free fit, 736, 740 
fundamentals and definitions. 


heavy force and shrink fits, 

736, 750-753 

interchangeable, 764 
international standards for. 


loose fit, 736, 739 
medium fit, 736, 741 
medium force fit, 736, 746, 

748-749 

sliding fit, 741. 784 

snug nt, 736, 742 

summary of standard fits, 736 

tight fit, 736, 744. 745 

vmnging fit. 736, 743 
for screw thread {see Pits of 
screw threads; Screw threads; 
Tolerances) 
use of terms, 735 
for wear, in locomotive parts, 1187 
{See also Fits; Fits of screw 
^ threads; Tolerances) 

Alloy steels {see Steels, alloy) 

Alloys, bell metal, “Big Ben*’ and 
Westminster, 1072 
bismuth, 1072 
brass, 1067, 1072 
Britannia, 1072 
bronze, 1067, 1072 
for coinage, 1072 
copper, 1063-1064 

cutting speeds for brass and 
bronzes, 340 

S.A.E. brass and bronze alloys, 
1067 

tinned brasses, 1070 
uses and tempers of, 1069 
for die casting, 1074-1076 
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Alloys, duralumin, 625, 1078, 1079 
fusible, 208, 210 
melting points, 209 
German silver, 1072 
un metal, 1072 
igh-nickel, tools for, 347, 348 
low melting, 1070 
nickel. Monel, screw-machine 
speeds and feed for, 349 
tools for machining, 347 
for steel, properties of, 1336^1338 
type metal, 1072 

white metal bearing, 204, 20s. 
1072 
Alowalt, 482 
Aloxite, 480, 482 * 

Alternating-current motors, 984, 985 
Aluminum, 480, 482 
diamond tools tor, 366 
effect in steel, 10^0 
estimating machining time, 340, 

343 

feeds for machining castings, 343 
forming by drop hammer, 1444 
grinding wheels for, 505 
lathe tools for, 353^ 
lubricants for cutting, 129, 336- 
339, 353, 1078 
for drawing, 339, 630, 1078 
for drilling, 126, 141, 337 . 339 . 
/ 343 . 
for honing, 531 
for milling, 336-339, 353 
for punching, 337-339 
for threading, 193, 335 . 339 
machining, tools for, 353-355 
milling cutters for, 35s 
milling-machine feeds and speeds, 
375-4786 

pressure for punching, chart for, 
627 

properties of, 1073. 1077 
salt baths for, 1083 
sheet, for aircraft, bend radii, 
6400-6406 

cutting by various methods, 
640/, 640g, 640m 
forming by various methods, 
64on-640x 

weight per square inch, 948, 949 
sleeve, bonding on steel cylinder 
by Al-Fin process, 229 
soldering, 207 
speeds, for cutting, 353 
for machining, 340, 353 
for threading, 194-19S, Sbft- 
571 , 573 

speeds and feeds for turret lathe 
work, 345, 346 

spinning, burnishing, polishing, 

1077 

stren^h of, 625 
stud fits in, 189 

weight per cubic inch and cubic 
foot, 1073 

Aluminum-alloy forging, 1444 
Aluminum alloys, 1330 
bend radii for, 6406 


Aluminum alloys, for die castings, 
composition, I07S 
lubricants for, 126, 193, 353, 531, 
1078 

machining, 126, 169, 353-355 
for pistons, 1161 

Aluminum bars, weight per foot, 955 
Aluminum castings, shrinkage in, 

1074 

Aluminum forging temperature, 

144s 

Aluminum oxide abrasives, trade 
names, 486, 487, 488 
Aluminum pistons, shop practice in 
making, 511 

Aluminum plates, weight per square 
foot, 947 

weight per square inch, 949 
American or Briggs Standard pipe 
threads, 90-101 
dimensions, tables of, 96-99 
formulas for, 90-91 
gages, 91-93 

American or Brown & Sharpe gage 
sizes, 941 

American drawing-room practice, 
857-860 

American Emery Wheel Works, 
grade markings, 486 
American Gage Design Committee, 
s^ndard gages, design, 759—760 
American Gear Manufacturers As¬ 
sociation (^sec A.G.M.A.) 
American Licensed Automobile 
Manufacturers, 968 
American machine screw tap drill 
sizes, 148 

American and metric compound 
unit equivalents, 1112 
American National Acme screw 
threads, 46-50 
data, 48-50 

limiting dimensions and tol¬ 
erances, so 
modified form, 47 

American National fire-hose cou¬ 
pling screw thread, 114-117 
American National screw threads, 

1-35/ 

classification of four fits, 3. 6 , 7 
clearance in nut, definition, 4 
coarse thread series. Class i, 
loose fit, 6, 10-15 
Class 2, free fit, 6, 10-15 
Class 3, medium nt, 6, 10-15 
Class 4, close fit, 7, 10-15 
dimensions and tolerances. 
Classes, i, 2, 3, 4, io-i6, 
20-24 

metric equivalent major diam¬ 
eter, 8 

summary, basic diameters and 
thread data, 8, 9 
tolerances for bolts, screws, 
nuts, 10-15, 20-24 
nuts and tapped holes, ii, 

13. 16 

derivation of tolerances, 22 
details of parts, 2 
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American National screw threads, 
double depth of, 83 
extra fine thread series, 25, 26, 27 
fine thread series, basic dimen¬ 
sions, 4, 5, 16-19 
Class I, loose fit, 6, 16-19 
Class 2, free fit, 6, 16-19 
Class 3, medium fit, 7. 16-19 
Class 4, close fit, 7, 16-19 
dimensions and tolerances, 16- 

19 , , 

gas cylinder, 1347 
general specifications, 20 
general table, 16-17 
limiting dimensions and tol¬ 
erances for bolts, screws, and 
nuts, 16-19 

tolerances for tapped holes, 17, 
forms, I, 4 , 7 

identification symbols, 3, 4 
lead and angle error, effect of, 23, 
24 

pitch-diameter tolerances, 7, 21, 
22 

8-pitch series, 28, 32, 33 

limiting dimensions and tol¬ 
erances, Classes 2 and 3 fits, 
32, 33 

12-pitch series, 29, 34, 35 
limiting dimensions and tol¬ 
erances, Classes 2 and 3 fits, 
34-3S& 

i6-pitch senes, 30 
limiting dimensions and tol¬ 
erances, Classes 2 and 3 fits, 
35^-35/ 

rolled threads, 40 
section showing tolerances and 
crest clearances, 7 
terms relating to, 2, 3 
two-thread series, helix angles, 5 

American Petroleum Institute (see 
A.P.I.) 

American Phillips machine screws, 
657-663 

American Phillips wood screw heads, 
696 

American Screw Co., machine screw 
threads per inch, 681 

American Society of Mechanical 
Engineers (see A.S.M.E.) 

American Society for Testing Mate¬ 
rials (see A.S.T.M.) 

American standard, circular forming 
tools and holder, 582/-s87a 
dovetail forming tools, 582/, 5876- 
587/ 

forming tool blanks, sSyd 
locknut thread, 102 
pipe threads, 90, 96-99 

formulas for measuring with 
wires, iiia-iiid 
measuring taper threads with 
3 wires, iixa-iii6 
measuring taper threads with 
2 wires, iiic-iiid 
truncated x:rest and root limits, 
99 


American standard, projector 
sprockets, 317-319 
roller chain, maximum rpm and 
chain velocities, 316 
screw thread series, coarse and 
fine, 174 

screw threads, 1-35/ 

dimensions and tap drill sizes, 
148-150 

screw threads, grinding of tool 
for, 54 

shafting and stock keys, 890-892 
socket capscrews, 686 
socket setscrews, 684 

American Standard Association (see 
A.S.A.) 

American taper pipe taps, drill sizes, 
101 

American war standard _ screw 
threads of truncated Whitworth 
form, (see Truncated Whitworth 
threads) 

Amola steel, 1329 

Ampco metal, 1329 
tool angles for, 1330 

Analysis and properties of steels, 
S.A.E., 1008-1010, 104s 
tool, chart, loii 

used by Ford industries, 1046- 

1049 

Angle, of approach for end and face 
mills, 403 

of clearance, dovetail forming 
tools, 547 , 548 

corresponding to taper per inch, 
diagram, 809 

of helix, effect on wire measure¬ 
ment, 72 

milling cutter teeth, 380, 382, 
388, 392. 393 

of index head for cam cutting, 
diagram, 406 

of pitch or center of bevel gears, 
finding, 261 

pressure, of gear teeth, 246 
of rollers, finding, 1197 
setting, for milling screw-machine 
cams, 407-414 

of thread. Acme (American Na¬ 
tional), 46 
definition, 2, 172 
International (metric) Stand¬ 
ard, 43 

measuring, 57 

National and V, measuring, 57 
watch screw, various, 42, 44 
Whitworth Standard, 46 
of thread tool, measurements, 
table for, S 3 

tolerances for taps, 177, I 79 , 181 
of wood-screw heads, 696, 698 
of worm and buttress thread, 51 
of worm thread, Brown Sc Sharpe, 
SI 

single and multiple, 51, 298 
of worm thread and helical gear 
teeth, 1424 

Angle bends, laying out dies for, 596 
press-work constants for, 597 
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Angle chart by s degrees, 1198 
Angle constants, shop trigonometry, 
1193-1198 

for sine bar, 815-825 
Angle errors, screw thread, 23 
Angle formulas, 1197. 1198, 1201- 
1207 

Angle measurements of tools for 
thread cutting, table, 52, 53 
Angle measures, tables, 1105 
Angle plate for sine bar, 826 
Angle wrench, 132S1 1326 
Angles, between arbor and table, 
milling machine, table of, 409- 
414 

of arc, table, no# 
calculating, 1198-1212 
center, for bevel gears and pinions, 
examples and table, 264, 265 
corresponding to given tapers for 
foot, 808 

drill point, cutting and clearance, 
120, 122 

gashing for worm wheels, 305, 306 
of lathe and planer tools, 323-326, 

1323 

loads and change gears for cutting 
helices, 4056 ~ 405 « 
for milling cutters for steel, 382, 
388, 392, 393 
rake and face, 380 
other than right, calculating, 
1208-1211 

right, calculating, 1198-1212 
for screw-machine tools, box tool 
cutters, 542 

circular cutting-off tools, 576 
circular forming tools, 547-SS2 
dovetail forming tools, 547, 
548-552 

setting, for bevel gears, 264, 265 
side, of milling cutters for worm 
threads, 298 

sides and sines, table of, 848-853 
spacing boltholes in circle, 1195 
table for, 1201-1209 
table for calculating, 1201—1207 
table of chords for constructing, 
842-844 

testing with plugs, 1209-12 ii 
tool for laying out, 814, 815 
use in locating hole centers, 1198- 
1200, 1208-1212 
Angular measure, table, 1105 
Angular milling cutters, single and 
double, 398, 1265 

Angular straight bevel gear form 
data and calculations, 266A- 
266> 

Angular work, use of sine bar in, 815 
Annealing of carbon tool steel, 1028 
definition, 1003, 1004 
Annealing temperatures of stainless 
steels, 1037 

Antifriction metal, composition of, 

1063 

Antimony, properties of, 1073 
A.P.I. Standard, drill pipe for oil- 
well work, 103, 108-110 


A.P.I. Standards, drill-pipe threads, 
108-109 

oil-well casing, 103-107 
Approach of milling cutter, table, 

403 

Arbors, milling cutters, keys and 
keyways for, 404 
milling machine, adapter for, 876 
fOT shell reamers, 156, 157 
sizes of centers, 372 
and spindles, milling-machine, 

87s. 876 

Arc of contact, grinding wheel, 497 
Arc cutting, of metals, 216-217 
Arc-welded butt joints, 222 
Arc-welded corner joints, 223 
Arc welding, 217-226 
carbon arc, 219 
of cast iron, 223, 225 
use of studs in, 226 
electrodes, 219-221, 226 
fillet welds to replace rivets, 224 
general suggestions, 220 
of jigs and fixtures, 226, 227 
length of arc, 220, 221 
metallic arc, 218, 219 
physical properties of welds, 
219-220 

polarity of current, 221 
preparation of work, 220 
shielded arc, 219 
skip method, 221 
step-back method, 221 
types of joints for, 222 
{See also Welding) 

Arcs, circular, table of lengths, 854 
Area, of circles and squares, rules 
for finding, 589 
circular ring, rule for, 592 
of sector of circle, rule for, 592 
of segment of circles, table, 592, 
593 

of sphere, rule for, 592 
of standard pipe, 98 
of triangle, rule for, 592 
Area and weight chart for steel 
stampings, 595 

Areas and circumferences of circles, 
from I to 1000, 1143-1154 
Areas and diameters of small drills, 

137-139 

Areas or volumes of fillets, table, 933 
Arkansas oilstones, composition of. 


Armature laminations, grinding 
wheels for, 505 
Armor plate, milling, 1400 
Arsenal “hot dip” process for 
tinning, 1060 

Artificial oilstones. Carborundum 
Co., 529 

Norton Co., 529, 530 
A.S.A. safety code for grinding 
wheels, 489 

Standard composite gear-tooth 
systems, basic rack for 
14H-degree, 236 
for 20-degree stub involute 
system, 238 
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A.S.A. Standard composite gear- 
tooth systems, tooth pro¬ 
portions for spur gears, 
14>a-degree composite, 237 
20-degree stub tooth involute, 

standard machine screws, 648-653 
Ascaloy, “rustless iron,” 1078 
A.S.M.E. specifications, for gages, 
plain limit, 7SS-7S8 
handles for, 757 
sn^, 758 

A.S.M.E., terms for allowance and 
tolerances in fits, 751 
Assembly, interchangeable, 738, 
747 , 751. 755 

allowances and tolerances, ta¬ 
bles, 736. 754 , 764 
classes of fits for, 739-742, 754 
selective, 738, 747, 751, 755 

allowances and tolerances, ta¬ 
bles, 736, 754 
classes of fits for, 743-754 
Association of American Railroads 
Uee A.A.R.) 

A.S.T.M., melting points of solder 
metal, 209 

Astronomical attachment for divid¬ 
ing head, Kearney & Trecker, 
455. 456 

Atkins metal saw teeth, a6i 
A tmosphere, furnace, oxidizing, neu¬ 
tral and reducing, 1022 
Atomic hydrogen welding, 217, 218, 

144s 

Austenite condition of steel, 1030 
Autocar Co., nickel-alloy steels for 
trucks, 1050 

Autogenous welding (lead burning), 
1083 

Automatic and air gaging, 771, 780 
Automatic screw machines. Brown 
& Sharpe, acorn dies for, 560 
cams, table of settings for milling 

for, 407-414 

capacity of, 582 
circular forming tools, 555-559 
calculating diameters, 553, 559, 
5?9<»-SS9fe 

finding, diameters for, 553-558 
hollow mill, S43 
knurling tools, 5826-582/ 
speeds and feeds, 560-566 
threading on, 574, 575, 581-5826 
(See also Screw machines) 
Automobile drive, spiral bevel gear, 

287 

Automobile engine, cylinders, clear¬ 
ance in bore, 1162 
fits and tolerances, Ford, 1164 
Lincoln Zephyr, 1165 
piston-pin hole sizes, 1162, 1164 
pistons, 1161, 1162, 1x64 
cast iron, 1162 

clearance, ring fits, zi6i, X162, 

1x64 

machining, 1161 
and ringi, standard oversize, 
X162 


Automotive data (see Aiiplane; 
Automobile; S.A.E. steels; 
Bolts; Nuts) 

Automotive steels, S.A.E., 1008- 
1016, 1043-1045 
(See also Alloy Steels; S.A.E.) 
Automotive work. General Motors 
carburizing materials, 1039 
Packard automatic carburizing 
units, 1039 

Avoirdupois weight, table, 1194 
Axial rake of face-milling cutters, 
381, 382 

Axle lathes, motors for, 991 
Axles, for cars and tenders, 1189 
locomotive, press fits for, xi77, 
1178 

pressures for mounting, 1179 
trailer, A.A.R. standard, 1189 
maximum weight, 1190 
truck and tender, pressures for, 
1180 

B 

Babbitt, composition of, 1072 
for die castings, 1075 
lubricants for cutting, boring and 
reaming, 329 

melting and pouring, 203, 205 
original mixture, 203 
Babbitting, brazing, soldering, weld¬ 
ing, 203-229 

for rebabbitting bearings, 203, 205 
table of white metal alloys, 204 
Back rake in different cuts, 346a 
Backlash in gears, 1427 
Bakelite, diamond tools for, 366 
drills for, 129, 132 
properties of, 1078, 1081 
speeds for drilling, 129 

for threading, 194, 195, 568-571 
Bakelite bond for gnnding wheels, 

482, 483,.484, 523, , 

Bakelite cutting-off wheels, speeds 
for, 498 

Baldwin Locomotive Works, punch 
and die clearance for boiler 
work, 599 

Ball bearing mountings. New Depar¬ 
ture Radax tolerances and fits, 
836, 837 

Ball burnishing, 527, 528 

proportion of balls and work, 528 
size and weight of balls, 528 
Ball cranks, revolving-handle, 834 
solid-handle, 833 

Ball cutters for drop-forging dies, 
1087 

Ball levers, 835 

Ball point micrometer for measuring 
internal threads, 76 
Balls, in cloudburst method of hard¬ 
ening steel, 1033 

steel, brass, and Monel, toler¬ 
ances, 965 

Band saws, metal-cutting, 470-472, 

1467 
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Band saws, blades for various 
materials, 463, 1467 
brazing, 211 

cutting specifications, 472 
highspeed, 1471 
tension, 1476 
wheels for, 1476 

Bands, interference, in measuring 
with light waves, 729 
Barber-Colman tapered spline for 
shafts, 920, 921 

Bars, weight per foot, for aluminum, 
955 

for brass, 955 
for copper, 955 
for iron, 954 r 

for steel, 954 

weight per inch, for carbon and 
high-speed steel, 952 
Basic size, definition, 3, 735 
Bastard-cut files, 196, 197 
Bathife, 482 

Baths, lead and tin, for drawing car¬ 
bon tools, 1027 
oil, for quenching steel, 1022 
Bearing alloys, white metal, prop¬ 
erties of, 204 

Bearing clearance, by rock of pin 
gage, table, 723 

Beanng metal, used by Pennsyl¬ 
vania Railroad, 1063 
Bearing mountings. Bower roller, 
838, 842 

Bearings, airplane engine, fits and 
clearances, 1163 

automobile engine, clearances, 

1164 

fits and tolerances, 1164 
ball and roller, fitting, 835-842 
hot, cooling of, 999 
rebabbitting of, 203, 205 
testing with lead wire, 1083 
Bell nietal, ‘‘Big Ben" and West¬ 
minster, composition of, 1072 
Belt fasteners, 974 
Belt hooks, and lacings, 974, 975 
Belts, flat leather, horse-power rat¬ 
ings, 970-974 

polishing, types of, 525, 526, 724 
Benches, work, 200-202 

combination steel and wood top, 
200 

plank construction, 200, 201 
Bend radii for aluminum sheet, 640a, 
6406 

for X-4130 normalized sheet, 6406 
for stainless steel and Inconel, 
6406 

Bending dies, compound, 1270 
constants for angle bends, S 97 
formulas for bends, 596 
laying out, 596. 597 
National Casn Register Co. 

method, 596 
plain, 1270, 1271 
Bending of sheet steel, 630-636 
Bending and straightening rolls, 
motors for, 99s 


Bending thin-walled tubing, 637, 638 
90-degree, allowances for, 630-632 
Bent-shank tapper tap, definition, 
171 

Beryllium, properties of. 1073 

weight per cubic inch and cubic 
foot, 1073 

Best wire sizes for screwthread 
measurement, 58 

Bevel gage for laying out angles, 814, 

815 

Bevel gear system, angular straight, 
calculations, 266A, 266* 
straight, 266-2667 

(See also Gleason straight 
bevel gear system) 
calculations, 266^-2665 
Bevel gears, 231, 259-2667, 1285, 
1424 

cutters, 262 

selection, for, 262-266 
set-over for, 263, 264 
finding pitch, face and cutting 
angles of, 262 
formulas for, 261-264 
Gleason straight system, 266-2667 
laying out, 260-262 
parts of, 259 
planing, 266 

proportions of, calculations, 261- 
263 

skew, spiral, hypoid, 231 
table for setting angles, 265 
uses of, 259 

(See also Gleason straight bevel- 
gear system) 

Bevel washers, 706 
Bilateral and unilateral tolerance, 
definition, 725, 1320 
Bilateral and unilateral hole toler¬ 
ance, British, 769-771, 772-779 
Binding-head machine screws, 
American Phillips, 662 
Birmingham or Stubs’ iron wire gage 
sizes, 941 

Bismuth, effect in solder, 209 
properties of, 1073 
shrinkage of, castings, 1074 
weight per cubic inch and cubic 

foot, 1073 

Bismuth alloys (fusible metals), 
1072 

Black Drill Co’s. Hardsteel drills, 

147 

Blank layout, for square bends in 
sheet metal, 632 

Blanking dies, 597 , 612-615, 1271 
for accurate work, 597 
clearance or relief, 605-600 
Blanking dies, clearance for different 
gages of stock, table, 606-608 
double-action press, 609 
Blanking punches, pilots for, 600— 
602 

for bevel gears, laying out, 259 
for broaches, 641 

for circular forming tools, Ameri¬ 
can standard, 581-585 
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Blanking punches, for dovetail form¬ 
ing tools, American standard, 
583. S 86 

for drawn and formed work, 588— 

592 

press work, allowance for shaving, 
602 

influence of stock width on 
scrap, 626, 628 

pressure required, 620-624, 627 
for segments, figuring, 592, 593 
for shells, cylindrical, and taper, 
588, 590, S 9 I. 594 
finding diameters, 588-592, 594 
table, 594 

Block-chain sprockets, cutters for, 

313 

Blocks for holding work for sawing, 
473 

Blowpipe, for lead burning, 227 
for welding and cutting, 211-215 
Blowpipe chart, for hand cutting, 
214 

for hand welding, 215 
Board feet, table of, 931 
Body or clearance drill allowance, 
152 

Boiler patch bolt, 1256 
Boiler plugs, alloys for, composition 
and melting points, 210 
U.S. Government rules for, 208 
Boiler rivets, U.S. Navy, 707 
Boiler work, punch and die clear¬ 
ance for, 599 

Boiling point of various liquids, 1025 
Bolt cutters, threading speeds of, 566 
Bolt ends, fine thread (S.A.E.), 
cotter pins for, 695 
National, cotter pins for, 695 
Bolt heads, square and hexagon, 
finished, 671 

rough and semi-finished, 670 
Bolt heads and upsets, allowances 
for, 930 

Bolt and nut machines, motors for, 
994 

Bolts, agricultural, 1256 
areas of, 647 
boiler paten, 1256 
bridge or roof, 1257 
British Standard Fine, 711-717 
Biitish Standard Whitworth, sizes 
and tolerances, 38-39/t 
carriage, 1256 
cast-iron washers for, 706 
cotters for, 695 
deck, 1257 

draw-in, for milling-machine spin¬ 
dles, 87 s 
expansion, 1256 
eye, 702, 703, 1256 
hanger, 668, 1250 
Harvey grip, 704 
hook, 1257 
ioint, 1256 

loom or carriage, 1256 
machine, 1256 
oval T-head, ^256 
plow, 1257 


Bolts, sink, 1257 

sizes, fits, and tolerances, 669, 
670-671 

step, 1256 
stove, 1257 

stud, continuous thread, 668 
double end, 665 
tap-end, 664 

T, for machine slots, 878 
tire, 1256 

track, 1257 

U, 1257 

various types, 1256-1257 
wrench openings for, 680 
Bolts and nuts, effect of plating in 
threads, 71 

Bolts, nuts and screws, British 
Standard Fine (B.S.F.), lii- 

717 

National Fine (S.A.E.) Standard, 
681 

dimensions, 682 
A.S.A. standard, 647-700 
Bolts and washers, foundation, 1002 
Bonds, abrasive, for cutting-off 
wheels, 522 

for grinding wheels, Bakelite, 482, 

483, 484 

resmoid, 486 
rubber, 483, 484 
shellac (elastic), 482, 483, 484, 
486 

silicate, 482, 484, 486, 488 
strength of, 484 
vitrified, 482, 484, 486, 488 
( 5 «e also Norton grinding-wheel 
recommendations) 

Bone, and charcoal, in case harden¬ 
ing, 1041 

granulated, sizes of, 1042 
Borax, flux for silver brazing, 211 
for soldering, 206 

Bore gaging by rock of pin gage, 
722-724 

Bore sizes, nonmetallic gears and 
pinions, 294 

Bores, automobile cylinder, clear¬ 
ance, 1162 

Boring, in Ford plant, 343, 344 
Boring, precision, 1396 
Boring allowance for threading on 
screw machine, 545 
Boring-bar feeds and speeds, 1368 
Boring holes, oversize, by rock of 
pin gage, 722, 723 
side play of calipers in, 721, 722 
undersize, by rock of pin gage, 
722, 724 

Boring machine, horizontal, 1259 
vertical, 1258 

Boring and turning, 321-374 
constants for cutting time, 327 
of locomotive tires, 1167-1172 
chart for turning speeds, 1171 
tools for, 1168-1171 
times, table for figuring, 332 
Boring tools, carbide, 1396 
Boring work for threading on screw 
machine, 545, 546 
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Borolon, 482 

Bort diamond wheels, 523 
Boston, Prof. O. W., recommenda¬ 
tions for milling, 376 
Bower roller bearings, tolerances and 
fits, 838, 842 

Bowline knots, 1097, 1099, iioi 
Box tools for screw machines, 
bushing type, 1310 
cutters for, 542 
finishing, 13 ii 
roughing, 13 ii 

speeds and feeds for, 560-566 
for Monel, 349 
tangent cutter, 5^, 13ii 
Boxes, driving (see E^ving boxes) 
Brake drums, supernnishing, 541 
Brass, allowance for shaving, 602 
annealing, designations by tem¬ 
per, 1068-1069 

brazing, composition and uses, 
1064, 1067 

cartridge, composition and uses, 
1064, 1066, 1069, 1071 
cast, properties of, 1073 
clock, composition and uses, 1064, 
1070 

drawing or spinning, composition 
and uses, 1064 
drills for, 129, 132 
eyelet, composition and uses, 1064 
feeds, in milling cutter, 398 
for turning, 342 
grinding dies and taps for, 193 
grinding wheels for, 506 
high, composition and properties, 
1066, 1069, 1071 
hollow mills for, 343, 544 
leaded, composition and uses, 1070 
leaded low, composition and uses, 

1064, 1066 

low, composition and properties, 
1066, 1069, 1071, 1073 
lubricants, for cutting, 329 

cutting fluids application chart 
for, 33.6-339 
for drawing, 629, 630 
for drilling, 141, 145, 338, 339 
for punching, 629 
for sawing, 466, 468 
for tapping, 141, 338. 339 
for threading, 193, 33 S -339 
naval (Tobin bronze), composi¬ 
tion, and uses, 1063, 1064, 
1066, 1067, 1071 
pressure for punching, 622, 623 
for shearing, 623, 624 
punch and die clearance for, 598 
reamers for, 165 

red, composition and uses, 1064, 
1066, 1067 

speeds, for milling, 386, 387 

threading, 194-195, 568-5711 

573 

speeds, and feeds, for screw 
machine work on, 561 
turret lathe for, 346 
spring, composition and uses, 1064 


Brass, strength of, 625 
tempers, and corresponding reduc¬ 
tion in rolling, 1068 
terminology, 1965, 1066 
tinned, composition and uses, 1070 
tinning of, 1061 

weight per cubic inch and cubic 
foot, 1073 

yellow, uses of, 1067, 1070 
Brass and bronze, drilling speed, 126 
speed for reaming, 169 
speeds for threading (Landis), 
194, IQS, S 68 , 569-574 
Brass and bronze alloys, S.A.E. 

description and uses, 1067 
Brass and copper, saws for, 468 
Brass bars, weight per foot, 95s 
Brass castings, hardness of, 1018 
shrinkage, 1074 
Brass die castings, 1076 
Brass parts, tinning, 1061 
Brass plates, American or B. & S. 
gage, weight per square foot, 
.947 

Birmingham or Stubs’ gage, 
weight per square foot, 950 
Brass sheet, tolerancesj 1068 

weight per square inch, 948, 949 
Brass stampings, allowance for 
shaving, table, 602 
Brass tubing, tolerances, 964, 1068 
weight per foot,.957 
Brass wire, American or Brown & 
Sharpe gage, weight per 1000 
linear feet, 951 

Birmingham or Stubs’ gage, 
weight per 1000 linear feet, 
963 

composition and uses, 1064, 1067 
Brasses, crown, for locomotives, 
1182-1184 

Brazed joints, neat-treatment of, 211 
Brazing, of band saws, 211 

and hard soldering, difference 
between, 210 
of silver, 211 

and welding, flux characteristics 
for aluminum and bronze 
rods, 215a 

oxyacetylene, fluxes for, 215a- 
216 

Brazing brass, composition and 
uses, 1064, 1067 
Brazing fluxes, 211, 2150-216 
Brick, weight of, 1105 
Bridge or car reamers, types, I 5 S 
Bridge or roof bolt, 1257 
Briggs pipe threads (see Amer¬ 
ican or Briggs Standard pipe 
threads) 

Bright tin plate, sizes, 639, 640 
Brinell hardness, and cutting speeds, 
386-388 

and tensile strength of materials, 
386 

test, 1054 

Britannia metal, 1072 
British Association screw threads, 40 
dimensions and tolerances, 41 
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British Association screw threads, 
formulas for measurement, 59 
measuring with wires, 58, 66-68 
^tion and formula, 43 
British clearance fit, 770 
British interference fit, 770 
British screw heads, 689 
British Standard, fine, bolts and 
nuts, sizes, 711-717 
threads, sgc-sge 
screw threads, 39^ 
limits and fits, for holes, 7 bg -773 
for shafts, 774-779 
pipe threads, gages for, no 
sizes, 39/, 112-113 
tap dnlls for, 152 
screw threads of Whitworth form, 

36-37 

taper pins, 807 
tolerances for reamers, i S 4 
Whitworth threads, bolts and 
nuts, sizes and tolerances, 
38-3SKI . , 

screws, basic sizes and toler¬ 
ances, 37bb 
double-depth, 83 
measuring with wires, 60, 66 
radius, 37a 

section and formula, 46 
special, sgg, 39b , 

British Standards Institution, new 
thread standards in Great 
Britain, 37a 

Broaches, burnishing buttons on, 
64;6 

carbide tipped, 642 
for cast iron, 643 
chip per tooth, 641 
chip room for, 641 
. details of teeth, 641, 1413 
grinding, 1414 
grinding wheels for, 506 
gun-barrel, 1368 
high-speed steel for, 6411 642 
for internal gears, 642 
lubricants for, 642 
materials for, 641, 642 
oversize, for round holes, 643 
push type, 642 
rake 01 teeth, 642 
sectional, 642 
sheared-cut, 641 
speeds for, 64s 

tooth arrangement for round 
holes, 641 
tooth shape, 645 
tooth spacing, 641 
turning blank for, 641 
undercut teeth, 641 
Broaching, allowance for, 643 
and burnishing of bearings, 646 
of forgings, compound for, 642 
metal removed in, 64s 
outside or surface, 641 
in power press, 643 
of round holes, 642 
of soft-metal bearings, 642 
of square holes, 641-643 
center relief for, 644 


Broaching machines, 644 
rotary, 64s 
Broaching press, 1304 
Broaching speeds, 645 
Bronze, admiralty, composition and 
uses, 1063, 1070 

Bronze, for British coinage, com¬ 
position, 1072 

commercial, composition and uses, 
1064 

feeds for machining, 342 
grinding wheels for, 506 
hard, composition and uses, 1063, 

1067 

lubricants, fluids application chart 
for, 336-339 

manganese, composition and uses, 

1066, T067 

navy (Composition) for journals, 

I06s 

phosphor, composition, 1063, 1067 
properties of, 1073 
reamers for, 165 
speeds for machining, 340, 387 
for threading, I 94 -I 95 t 568-571 
Tobin, threading speeds, 570,572 
weight per cubic inch and cubic 
foot, 1073 

Bronze bearings, composition of 
wearing surfaces, 1063 
for locomotives, 1188 
Bronze bushings, grinding allow¬ 
ance, 577 

Bronzes, feeds for, 343. 
high silicon, machining, 1066 
strength of, 625 

Brown & Sharpe, acorn dies, 560 
automatic (see Automatic screw 
machines, Brown and Sharpe) 
circular forming tools, tables, 
555-559 ^ . 

cutter diameter and width of 
work, 383, 384 ^ 

dividing head, arranged for dif¬ 
ferential indexing, 432 
formula for gear ratio for dif¬ 
ferential indexing, 434..435 
principles of differential index¬ 
ing, 433 , 434 

table for indexing all numbers 
from 2 to 730, 434-453 
grinding limits, 767-769 
hollow mills, 543, 544 
involute gear tooth cutters, 254 
/ limits for turning work to be 
ground, 516, 517 
metal saw teeth, 459 
permanent magnet chucks, 518 
standard taper pins, 802 
steel wire gage sizes, 941-943 
tapers, 797-799 
taper-shank end mills, 399 
tests, coarse tooth cutters, 379. 
worm threads, measuring with 
wires, 74. 75 
parts, 75 

proportions of, 51 
worm wheel hobs, 73, 74 
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Browning solution, U.S. Armory, 
1050 

Buffing, compositions, 525 
and polishing, 523-527 
Buffing lathes, motors for, 993 
Bulring dies, 1271 
Bulldozers, motors for, 994 
Bunsen burner, 1260 
Burnishing, with steel balls, 527, 528 
Burnishing action of broaches, 646 
Burnishing bars, 644 
Burnishing dies, 1271 
Bushings, bronze, grinding allow¬ 
ance for, 577 
grinding wheels l^r, 506 
jig, standard, 828-831 
(See also Jig bushings) 
lapping, 534 

for U.S. Navy standard punches, 
619 

Butt joints, welded, 222 
Butt welding, 217, 218 
Button and fastener measurement, 
192 

Button-head capscrews, 65s 
Button-head rivet, 707 
Buttress thread, 43, 51 

C 

Cadmium light, use of wave lengths 
for measurement, 727 
Cadmium plating in threads, thick¬ 
ness of, 71 
Calcinite, 482 

Calculating anp[les, 1198-1212 
Calculating diameters of forming 
tools, SSS-SS 9 , 559^-5596 
Calculating dovetails, 812-814 
Calculating for metal bends, 631 
Calculating right-angle triangle ele¬ 
ments, 1198-1212 

Calculating triangles, other than 
right-angle, 1208-1211 
Calculations, for bevel gear propor¬ 
tions, 261, 262 

for gearing, 233, 234, 239-243, 
247-252, 255-266 
for helical gears, 27^285 
for straight bevel gear system, 

266<^-266g 

for thread lobes on screw machine 
cam, 581-582^ 

for worm gearing, 298, 300-304 
Calescent and recalescent tempera¬ 
tures, steel, 1031 
Caliper gages, 733, 734 
Calipers, micrometer, 1261 
names of, 1260 

side play in boring oversize holes, 
721 

Cam clamp for jigs, 889 
Cam-machine parts, production 
grinding of, 481 
drum or barrel, 1261 
edge, 1261 
face, 1262 

grinding wheels for, 506 
heart-shaped, milling, 405/ 


Cam-machine parts, screw-machine, 
design and layout, 579 “S 8 i 
gears for milling, tables, 415-426 
settings for milling, tables, 407- 
414 

Camming automatics for threading, 
^ S 74 . 575 , 581-5826 

Cams and tanks, table of dimen¬ 
sions, 638 

Canvas polishing wheels, 525 
Capacity of round vertical tanks, 
938 

Cape chisel, 1263 

Caps, fire-hydrant, thread dimen¬ 
sions, 115-117 

Capscrews, button-head dimensions, 

655 

chamfer of points, 654 
fillister-head dimensions, 656 
flat-head dimensions, 654 
fluted socket, American Standard, 
688 

hexagonal, 672 

hexagonal socket, American 
Standard, 686-687 
thread lengths, 655 
Car and tender axles, carbon steel 
for, 1189 

pressures for, 1180 
Carbide blade reamers, speeds for, 
169 

Carbide milling cutters, brazed tips, 
377 

diamond wheels and hones for, 
478-4786 
few teeth, 376 
fly, 376 

grinding, 478-4786 
grinding wheels for, 516 
Kearney & Trecker design, 390, 
391 

negative rake, 375, 376, 378, 386- 
390 

number of teeth, 388 
points in use of, 377, 378, 385- 
387, 393 

recommended carbides, 388 
for steel, 377, 378 , 384-385, 387- 
393 

speeds, for different materials, 397 
recommended milling, 384-387 
recommended for steel work, 
385-388 

tests with face mills, 391-393 
(See also Milling cutters, car¬ 
bide) 

Carbide-tipped broaches, 642 
Carbide-tipped cutters, 377, 378 
advantages, 376 

Carbide-tipped tungsten drills, 
speeds for, 145 

Carbide tools, 1363, 1396, 14IS 
advances in turning practice, 346a 
chip breakers, 373 
grinding of, 368-371 
grinding wheels for, 515, 516 
speeds and feeds, 346, 364, 367, 
369, 374 a- 374 & 
trade names, 367 
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Carbide turning tools, advanced 
practice with negative rake, 
3460-3466 

different uses, 3460-346& 
zero and negative rake, 3460-3466 
Carbo-alumina, 482 
Carbolite, 482 

grinding operations with, 486 
Carbolon, 482 

Carboloy, tungsten carbide tools, 

367 

Carbon, effect in steel, loii, 1030 
Carbon arc welding, 219 
Carbon steels, grades and uses, 1006 
S.A.E. summary of, and uses, 
1045 

Carbon tool steel, hardening, 1029 
heat treatment, 1028 
speeds for threading, I94i lOSt 
568-57I 

uses, 1027 

Carbon-steel axles for cars and 
tenders, 1189 

Carbon-steel tools, on automatics, 
speeds and feeds for, 562 
batns for drawing, 1027 
grades and uses, 1006 
Carbonizing {see Carburizing) 
Carbora, A82 
Carborundum, 480 

wheel grade markings, 485 
Carborundum Company’s oilstones, 

529 

Carbosolite, 482 
Carbowalt, 482 

Carburizing, of cast iron, 1043 
of steel, automatic, 1039 
colors in, 1040 
definition, 1004, 1038 
factors in, 1038 
flat work, 1041 
materials used, 1038, 1041 
by General Motors, 1039 
Packard units for, 1039 
rate of penetration, 1038-1040 
Carpenter stainless steels, 1034 
Carriage bolts, 1256 
Cartridge brass, composition and 
properties, 1064, 1066, 1069, 
1071 

Case, definition of, 1004 
Case hardening {see Carburizing) 
Case-hardening steel, comparison 
with tempering steel, 1007, 1008 
Casing, oil-well, A.P.I. Standard, 
103-106 

Cast iron, arc welding of, 223, 225 
use of studs for, 226 
broaches for, 643 
case-hardening of, 1043 
conversion factors, for other 
materials based on, 345 
cutting with arc, 217 
cutting speeds, 375, 387, 389 
and feeds, 340 
with Stellite, 363 
drilling, 

grinding dies and taps for, 193 
grinding wheels for, 507 


Cast iron, hardening, 1057 
honing, 531 , 

horse-power required for drilling, 
13s. 344 

laps for plugs, 536 
lubricants for cutting, 193, 329, 
336, 531 

milling speeds, 386, 387, 389 
power required for planing, 989 
properties of, 1073 
reamers for, 165 
safety factors for, 939 
saws for, 463, 466, 472 
setting studs in, 693 
shrinkage of castings, 1074 
soldering, 207, 208 
strength of, 625 
stud fits in, 188 

threading speeds, 194-195, 568- 
571, 573 
washers, 706 

weight per cubic inch and cubic 
foot, 1073 

Cast steel, feeds for, 341 
strength of, 625 

weight per cubic inch and cubic 
foot, 1073 

Castellated nut dimensions, S.A.E., 
682 

Castings, sand and shot blasting of, 
527 

shrinkage, by various materials, 

^ 1074 

Cast-iron pipe, threading speeds for 
(f.p.m.), 567 

Cast-iron plate, for lapping, 533 
Castle nuts, 680 
Catalin, 1332, 1447 
diamond tools for, 366 
Ceiling hooks, 702 
Celluloid, diamond tools for, 366 
Cement, weight of, 1105 
Cementation {see Carburizing) 
Cemented carbide tools, ;564 
Center drills for arbors, sizes, 372 
Center finding, various methods, 
1213-1217 

Center reamers, I55i 156 
Centerless grinder, 1289 
uses of, 479 

Centerless grinding, 518-520 
depth of cuts, 518 
end feed, 520 
in-feed, 519 

Norton grinding-wheel recom¬ 
mendations, 505-516 
relation of grinding wheel and 
feed wheel, 518 
through-feed, 519 

Centers of holes, locating, 1198- 
1200, 1208 

Centigrade and Fahrenheit con¬ 
version tables, 1023-1024 
Centrifugal sand machines for 
cleaning castings, 527 
Cerrobase metal, 1443 
Cerrobend metal, 1443 
Ccrromatrix metal, 1443 
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Chain drive, Link-Belt silent, 307- 
308 

Morse, 309, 310 
Standard roller, 311 
Chain slings, double, safe loads for, 
1103 

Chain velocities, sprocket, 314 
Chamfer, of capscrew points, 654 
on dies, 187 

Change gears, for cutting diametral 
pitch worms, 85-89 
for cutting helices, table, 400-402 
for cutting threads, 78-81 
for cutting worm and helical 


gears, 427^431 . 

for dmerential indexing, 432-453 
for hobbing, 269 
for milling cams, 414-426 
Chapmanizing, 1040 
Charcoal for carburizing steel, 1039 
Charging diamond laps, 538 
Chart, for area and weight of steel 
stampings, 595 

for circular forming tools, 554 
of cutting fluids for machine work, 

336-339 ^ ^ ^ 

for estimating speeds and feeds of 
drilled work, 140 
for hacksaw blades, 462 
of metal removed at various cuts, 
feeds and speeds, 372 
for milling feeds and speeds, 387, 
1404 

for firessures required for punch¬ 
ing, 627 

Chaser and tap thread form for 
truncated Whitworth threads, 
36, 37 


Chasers, grinding wheels for, 507 
high-speed steel, speeds on various 
materials, 574 

Chatter, cause and elimination, 


1413 

in milling cutter, 393 
of reamer teeth, 164 
Checking gage blocks with optical 
flat, 730 

Checking old machines, 1416 
Chemical compositions of S.A.E. 

steels, 1008-1010 
Cherry cutter for milling, 1265 
Chicago wheel grade markings, 485 
Chilled cast iron, speed for drillmg, 
126 

Chilled iron, grinding wheels for, 507 
Chip breakers, carbide tool, 373 
Chip formation, milling cutter, 379^ 
380 

Chip per tooth, for broaches, 641 
Chip thickness, varying, in milling, 

383 

Chisels, air driven, grinding wheels 
for, S07 

Chisels, cold, 1263 
Chordal dimensions for multiple- 
spindle heads, 8ss 
Chordal pitch of gear teeth, 230 
Chordal pitch and radius of spur 
gears, table of constants, 239 


Chords, table of, 842-844 
Chrome-nickel steels, 1008 
Chrome-vanadium steels, S.A.E., 
composition, 1009 
uses, 1045 

Chromium, effect in steel, loii, 1030 
properties of, 1073 
weight per cubic inch and cubic 
foot, 1073 

Chromium plating, grinding wheels 
for, 507 

of threads, thickness, 71 
Chromium-plated tools, 364 
Chucking reamers, 155, 1308 
Chucks, 1312 
magnetic, 517 
permanent-magnet, 518 
Cincinnati Milling Machine Co., 
gears for milling cams, table, 
415-426 

Cincinnati milling machines, cutters 
of various lands on different 
materials, 385, 386-389 
cutting racks on, 457-458 
Cincinnati wide-range divider, angu¬ 
lar divisions, in degrees, 
454 ^- 454 ^ 

in fractions of a degree, 454^- 
4 S 4 <' 

formulas, description and, 454- 
4 S 4 « 

Circle, gage settings for holes in, 815 
properties of, 1217 
sector of, rule for areas, 592 
segment of, rule for areas, 592 
table for areas, 593 
Circles, areas and circumferences, 

1143 

circumferences and diameters, 
iiSS 

constants for relation to other 
figures, 1212 

laying out regular polygons on, 
table, 1212 
layouts, 1391 . 

spacing holes in, by angles, iigs 
table for, 845-848 
and squares, rules for finding 
dimensions, 589 

table of sides, angles and sines for 
spacing holes in, 848-853 
Circular arcs, lengths of, 854 
Circular cutting-off tools, angles and 
thickness, 576 

Circular and diametral pitch of gear 
teeth, corresponding, 235 
Circular electrodes for seam welding, 
218 

Circular forming tools^, 1311 
blanks, 582 /- 587 a 
for Brown & Sharpe automatics, 
SSS-S 59 

calculating diameters, 5S9“SS9^> 
finding diameters, 553, 555-558 
chart for, 554 

comparison with dovetail tools, 
547-549 

for cone points, 552 
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Circular forming tools, with counter- 
bored holes, dimensions of, 587 
finishing with master tool, 550, 
SSI 

fixture for grinding, 551 
formulas for depths, S47f S49 
holders, S82/-S8S 
making, S47-SS2 
standard blanks for, S82/-S87 
standard sizes for different ma¬ 
chines, S 8 i, 584 , 585 
with threaded holes, dimensions 
of, s86 

Circular ring, rule for area, S92 
Circular saws, for aluminum, 468 
for brass, bronze and copper, 468 
feeds and speeds, 466 
Tor fibers, 361 
for hard rubber, 360, 469 
number of teeth, for various 
materials, 459. 468, 469 
for soft-metal sheets, 468 
circular segments, 9380-938/ 
Circular work, finding diameter with¬ 
out center, 1213-1217 
flat square method, 1214-1216 
Circular-pitch helical gears, 280-282 
Circumferences and areas of circles, 

1143-1154 

Circumferences and diameters of 
circles, 1155 

Circumferential speeds, of grinding 
wheels, 503-504 

tables, feet per minute, 979-984 
Clamp, cam, for jigs, 889 
Clark rivets, 710 
Classification of files, 196-200 
Classification of locomotive repairs, 
standard, 1166, 1167 
Clearance, for broach teeth, 641 
in broaching square holes, 643 
in circular forming tools, 548-549 
die and punch, 597-609 
in dies due to grinding, table, 60s 
in dovetail forming tools, 547-549 
for drill-point grinding, 121-124 
for grinding angles of milling cut¬ 
ters, 376, 476, 477 
Clearance, eccentric, on reamers, 
161, 162 

in hollow mills, taper for, 543 
in interchangeable manufacture of 

S alts, 725 
and die, 597-609 
for accurate work, S 97 
for boiler work, S 99 
for different machines, 606-608 
for different thickness and ma¬ 
terials, table, 598 
for monel and nickel, 630 
in reamers, kinds of, 160-162 
tables for randing, 166-168 
in screw-macnine work, 577 
of wrench, spacing of nuts for, 840 
Qearance angles, for dovetail form¬ 
ing tools, 547, 548 
on milling cutters, ^76, 476, 477 
for vanous matenals, 476 
Qearance drills, 152 


Clearances for aircraft engine parts, 
Pratt & Whitney, 1163 
for automobile engine parts, 1162, 

1164, ii6s 
of gear teeth, 1426 
Cleveland automatic, capacity of. 

Climb cutting, 375. 376, 393 
Climb bobbing, 292, 294 
Clock brass, composition and uses, 
1064, 1070 

Close-fit screw threads, defined, 6-7 
tables, 10-19 

Cloth polishing wheels, 524 
Cloudburst hardening of steel, 1033 
Cloudburst hardness test, 1054 
Clove hiteh, for guy lines and rig- 

S 'ng, 1100, iioi 
screws, 701 

Coarse-thread and fine-thread series, 
standards for screw heads, 666 
Coarse thread series, American 
National, 8-15, 25 
Class I, loose fit, 10-15 
Class 2, free fit, 10-16 
Class 3, medium fit, 10-15 
Class 4, close fit, 10-15 
measuring with wires, 69-71 
Coarse-tooth milling cutters, 377. 
380 

Brown & Sharpe tests, 379 
Coated electrodes, cutting with, 216 
Cobalt, effect of, in steel, loii, 1030 
premerties of, 1073 
in Stellite, 1033 

weight per cubic inch and cubic 
foot, 1073 
Cobalt tools, 1035 
Coinage alloys, 1072 
Coining dies, 1271 
Coining press, 1304 
Cold chisels, 1263 
Cold cut-off saws, motors for, 994 
Cold-drawn seamless tubing, toler¬ 
ances, 950, 961 

Cold-drawn steel, tolerances, 964, 
966 

Cold-finished shafting, standard 
diameters and lengths, 897 
Cold-finished steel bars, tolerances, 

967 

Cold-saw cutting-off machines, 
speeds, 459 

Cold working of steel, hardening by 
cloudburst method, 1033 
Collar pin, 1301 
Collar screw, 1312 
Collar stud, 1318 
Collet, spring, 1312 
Color code for marking steel bars, 
1051-1053 

Colors, in case hardening, 1040 
of heated steel, 1032 
Columbium, weight per cubic inch 
and cubic foot, 1073 
Combin, 482 
Combination dies, 1272 
Combined pipe tap and drill, 184 
Commercial abrasives, 480 
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Commercial brass, composition of, 
1064 

Commercial bronze, composition of, 

1064 

Commercial grinding, examples of, 
480 

Commercial ground-thread taps, 

173. 175, 178, iBi 

Commercial materials, tolerances, 
960, 967 

Commutators, grinding wheels for, 
S07 

Comparison of hardness numerals, 

1056-1059 

Comparison of ^standard linear 
units, English and metric, 1117 
Composite gear-tooth systems, 
A.S.A. Standard, 236-238 
Composition of bronzes. Navy De¬ 
partment, 1163 

and melting point of fusible alloys, 
210 

of Stellite. 1033 

of white metal bearing alloys. 204 
Composition gears (nonmetallic), 

294 

Compound bending dies, 1220 
Compound gear train for screw 
cutting, 79, 80 

Compound metric and American 
units, table, 1112 

Compound rest, accurate tool-setting 
with, 329 

Compound-die construction, 616-618 
Compounds for cutting {see Cutting 
lubricants; Threading) 
Compound-wound motors, 986-988 
Compress polishing wheels, 525 
Compressed air, for drilling cast 
iron, 126 

for operating steam hammers, 
1084 

Compression, strength of different 
materials under, 625-626 
Compression spring, 1316 
Computing tapers, table for, 808, 810 
Concave milling cutters, 401, 1265 
Conductor pipes, dimensions, 639 
Cone, rule for area, 592 
Cone-head rivets, 709 
Connecting rods, grinding wheels 
for, 507 

Constants, angle, 1194-1198 
for angle bends, 597 
for chordal pitch and spur gear 
radius, 239 

for converting pitch diameters 
into micrometer readings, 
60-62 

for cutting times, in turning or 
boring, 325-327 
for dovetails, 814 
relation of circles to regular 
polygons, 1212 

for spacing holes in iig borer, 856 
Contact of grinding wheel, arc and 
area of, A98 
Continental dies, 1440 
Continuous-thread stud bolt, 668 


Conversion factors, for shaper times, 
based on cast iron time table, 
345 

water, 1120 

Conversion table of hardness nu¬ 
merals, 1058 

Conversion tables, English and 
metric measures, 1108 
fractions of inch to millimeters, 
nil, 1112 

inches to millimeters, 1109 
millimeters to inches, mo 
surface speeds and r.p.m., 330, 572 
temperature, 1023, 1024 
Convex milling cutters, 401, 1265 
Coolants {see Cutting lubricants) 
Coolants for grinding, 495, S3i 
Cooling hot bearings, 999 
Coordinates for jig borer, 856 
Copper, composition and properties, 
1071-1073 

for diamond laps, 538 
grinding wheels for, 507 
lubricants for all operations on, 

336-339 

for drawing and punching, 629 
for reaming, 329 
for sawing, 468 
for tapping, 337-339 
for threading, 193. 335-337 
reamers for, 165 
saws for, 468 
sheet, tolerances, 1068 
for threading, 194-19S. 568-571 
strength of, 625 

weight per cubic inch and cubic 
foot, 1073 

Copper alloys, 1063-1071 
composition and characteristics, 

1063-1065 

journal bronze. Navy Depart¬ 
ment specifications, io6s 
S.A.E., uses, 1067 
wrought, 1069-1071 
Copper bars, weight per foot, 955 
Copper castings, shrinkage, 1074 
Copper pipe, threading siieeds for 

(P.P.M.), 567 

Copper plates, American or Brown 
& Sharpe gage, weight, 947 
Birmingham or Stubs’ gage, 
weight, 953 

Copper sheets, decimal thickness 
table, 959 
weight, 948, 949 

Copper wire, American or Brown & 
Sharpe gage, weight, 952 
Birmingham or Stubs’ gage, 
weight, 953 

Core, definition of, 1004 
Cored holes, allowance for, 1186 
Corner, square, laying out, 934 
Corner angle, face milled, 380, 381 
Comer-rounding cutters, 401, 1265 
Comer-welded joints, 223 
Corolox, 482 
Coro wait, 482 
Corundum, 480 
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Cotter milling cutter, 126s 
Cotter pins, British Standard, 713, 
716, 807 

General Motors standard, 694 
S.A.E. Standard, 694, 695 
Counterbores with inserted pilots, 
841 

Countersunk rivets, U.S. Navy, 707 
Coupling nuts for punches, U-S. 
Navy, 620 

Couplings, A.P.I., for oil-well casing, 
104-107 

A.P.I. for oil-well drill-pipe, 108- 
it6 

fire hose, 114 

Courtland wheel grade markings, 

48 s 

Cracks, Magnaflux method of 
detecting, 1055 
Crane signals, 1479 
Cranes and hoists, motors for, 99s 
Crankpin fits and tolerances, auto¬ 
mobile engine, ii6s 
Crankpins, locomotive, chart for 
turning speeds, 1172 
fits, 1185 

pressures for mounting, 1179 
turning allowances for heavy 
pressures, 1181 

Crankshaft drill points, 124, 125 
Crankshaft drills, 129, 132 
Crankshaft lapping, 539 
Crankshafts, airplane engine, fits 
and clearances, 1163 
grinding wheels for, 508 
automobile engine, fits and clear¬ 
ances, 1164 

Crocus buffing composition, 525 
Crosscut files, 197 
Crosshatching, on drawings, 860 
Crossheads, locomotive, limits of 
wear for, 1187 
Crown taps, 191 

Crown-brass practice, locomotive, 
1183 

Crush-dressing grinding wheels, 
S4i6-S4i<f 

Crystalline alumina, S16 

Crystalon, 480 

Cubic measure, table, 1104 

of water, conversion factors for, 
1120 

Cumberland ground shafting, 897 
Curling dies, 1273 

Current for cutting with electric arc, 
216 

Current polarity, for arc welding, 
221 

Curvature of interference bands, 729 
Cutle^, grinding wheels for, 508 
Cut-off tools, screw machine, speeds 
and feeds, 561 

Cutter grinders, uses of, 479 
Cutter helices (spirals). Brown & 
Sharpe leads, 3^9 
Cutter mounting, 1407--1411 
Cutter speeds and feeds, milling, 
1402 

Cutters for bevel gears, 262-266 


Cutters for, aircraft sheet metal, 
640^-6402: 
die sinking, 1087 
in drop forging die work, 1087 
milling (see Milling cutters) 
for milling steel, angles for, 388 
spur-gear, for helical-gear cutting, 
281 

Cutting, bevel gear, setover for, 263 
of diametral-pitch worms in the 
lathe, 85-87 

with electric arc, 216-217 
flame, 213, 214 
of gear blanks, 253 
of gears, methods, 232 
of helical and worm gearing on 
milling machine, 427-431 
of helices on Brown & Sharpe 
universal milling machine, 

40S&-ao5tf 

of metric threads, 79. 81 
oxyacetylene, 211-215 
with Airco machines, 213 
with hand blowpipe, 214 
neutral flame, 212 ^ 
of rack teeth, on Cincinnati mill¬ 
ing machine, 457, 4 S 8 
of screw threads, lathe geared for, 

77-87 

Cutting angles, of lathe and planer 
tools, 322, 323 
for turret tools, 1446 
Cutting compounds (see Cutting 
lubricants) 

Cutting discs, for metals, 470 
Cutting edges, of reamers, 160 
for tools, improved, 528a-S286 
Cutting feeds, for various materials. 


Cutting fluids, application chart, for 
machining various materials, 
^ 36-339 

Cutting life of milling cutters, 378 

Cutting liquids, 1418 

Cutting lubricants, application 
chart, 3^6-339 
for broaching, 642 
for core barrel bits, 1378 
for drawing, 625)-630 
for drilling, 126, 141, 14s, 347 
for face grinds for die chasers, 193 
for honing, 531 
on milling cutters, 1412 
for turning and boring, 329, 353, 
1078 

Cutting methods for aircraft sheet 
metal, 640«-64o/ 
profiling, 640/-640g 
routing, 640^-640/ 
sawing, 640g-64oA 
shearing, on Hydro press, 640/;- 
640Z 

in punch press, 64oi-64ofc 
rotary, 640t-64oi 
straight, 64oA^40« 

(See also Aircraft sheet-metal 
cutting methods) 

Cutting speed conversion table, sur¬ 
face feet to rpm, 330 
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Cutting speeds, for cemented car¬ 
bide milling cutters, 376, 380, 

384,387,391 . 

for cold-saw cuttmg-oit machines, 
460 

formula for, 327 
for high-speed saws, 466 
of planers, 930 
rotary, 328 

for Stellite cutters, 396 
table for estimating, 340 
for various materials, 349-343 
Cutting time, constants for turning 
and boring, 325-327 
for standard sh^er, table of, 344 
Cutting tools, for aluminum, 354 
for turning and boring, angles for, 

324 

types, 321-325, 1321-1323 
Cutting-off saws, holding work for, 
473 

Cutting-off tools for automatics, 576 
Cutting-off wheels, abrasive, 522 
Cyaniding, definition, 1004 
Cycloidal gear tooth, definition, 230 
Cylinder bores, automobile engine, 
clearance, 1162 

Cylinders, airplane, fits and toler¬ 
ances, 1163 
honinjj, 531 

automotive, grinding wheels for, 
S08 

Cylindrical bores, honing, 531 
Cylindrical grinder, uses for, 479 
Cylindrical grinding, examples of, 
480 

stock allowance in, 517 
Cylindrical shells, finding blanks for, 

.588-591,594 

Cylindrical work, lapping machine 
for, 540 


D 

Dardelet self-locking thread, 42 
Davenport automatic, capacity of, 

.S 82 g 

Decimal equivalents, of fractions of 
an inch, 1118, iii9i 1127- 
1128 

in millimeters, iiii, 1115 
of fractions of inches, in feet, 1125, 
1126 

of fractions of millimeters, in 
inches, 1113, 1114 
of fractions and nearest 64ths, 
1122-1124 

of fractions in various terms, Ii3if 
H32 

of inches, in feet, 1125, 1126 
in millimeters, 1116 
of millimeters, in inches, mo, 
1114 

of prime-number fractions, 1121 
Decimal thickness table for sheet 
copper, 959 
Deck bolt, 1257 
Dedendum, 230 


Deep-drawing of monel and nickel, 
630 

Deep freezing, 1010 
Deep-hole drilling, 1363-1367 
Degrees obtained by opening of two- 
foot rule, 932 

Depth, of thread, American form of, 
54 

formulas for measurement, 55 
of holes for studs, 693 
of keyways, total, table for find¬ 
ing, 893 

of tooth, for broaches, 641 

cut with Brown & Sharpe 
involute cutters, 254 
Detroit wheel-grade markings, 485 
Diagram of 4S-degrec helical gears, 

277 

of bobbing machine layout, 270 
showing angle constants, 1193 
of tolerances and allowance, 725 
Diamantite, 482 

Diameter, of broken gear, finding, 
1216, 1217 

finding without center, 1213-1217 
flat square method, 1214, 1216 
Diameters and areas of small drills, 

1^7-139 

of circular forming tools, Brown & 
Sharpe, 547. 553-554 
tables for calculating, 555-559'^ 
of grinding wheel spindles, mini¬ 
mum, 492 

pitch, of standard gears, 250, 251 
of screw threads, 2 
of shell blanks, finding, 588-591 
table, 594 

of sprockets, standard pitch, 312 
Diametral and circular pitch, of gear 
teeth, corresponding, 235-238 
Diametral pitch, of gear teeth, 
formulas for, 234 
laying out, 244-246 
Diametral-pitch worms, cutting in 
lathe, 85-89 
lead gears for, 86-89 
Diamond core-drill fittings, 1374 
Diamond grinding wheels, 478-4786, 
493 

speeds and feeds for, 523 
truing, 523 

Diamond hone for negative rake 
carbide cutters, 5286 
Diamond laps, 537-538 
Diamond powder, use as abrasive, 
537 

Diamond turning tools, 364 
data on, 366 

Diamond wheels and laps for sharp¬ 
ening carbide tools, 371 
Diamonds for truing grinding wheels. 


493-495 
Dicarbo, 482 

Die casting, limits, in draft, 1076 
in number of threads, 1076 
in sizes of holes, 1076 
in variation from drawing 
dimensions, 1076 
in wall thickness, 1076 
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Die casting, limits, in weight, I07S 
metals used in, 1074-1976 
Die castings, alloys, aluEiinum-base, 
1075 

lead-base, 107S 
tin-base, 1075 
zinc-base, 1074 
brass, 1076 

Die chasers, face grinds, 193 
Die clearance, between blanking 
punch and die, 597-6oo, 604 
tables of, 606-608 
for boiler work, 599 
for different materials, 598, 604 
due to grinding, 603, 605 
for hot flangfing tools, 609 
Die construction, compound, 616- 
618 

Die holder, revolving, 1312 . 

Die sets, standard, classification 
sheets, 610-614 
names of parts, 614 
Die and tap threading speeds, 560 
Die and tool work, oilstones for, 530 
Die wear, in drop forging, 1092 
Die-cast metals, reamers for, 165 
Die-draft equivalents, in drop forg¬ 
ing, 1090 

Dies, acorn. Brown & Sharpe, s6o 
automatic, cutting speeds, 561 
bending, 1270 
laying out, 596 
blanking, 1271 
bulging, 1271 
burnishing, 1271 
chamfer on, 187 
coining, 1271 
combination, 1272 
compound, construction of, 616, 

617, 1273 

compound bending, 1270 
continental, 1440 
magnetic, 1440 
pad form, 1441 
soft metal, 1443 
cupping, 1273 
curling, 1273 
dinking, 1273 
double action, 1274 
for double-action press, 609 
for double-action sub-press, 610, 
611 

drawing, 1274 

drop forcing, design of, 1089-1091 
draft in, 1085-1090 
fluid, 1275 
follow, 127s 
gage pins for, 616 

gang. 1275,. 

gnnding wheels for, 509 
neadirtg, 1276 
hot, lubricants for, 630 
index, 1276 

insert, for drop forging, 1095 
machine forging, 1096 
multiple thread, 174 
perforating, 598. 1276 
piercing, 599» 1276 
(Ste also Punches) 


Dies, prong, 1270, 1312 
punch press, 597-6i9. 1270-1279 
redrawing or reducing, 1274, 1276 
riveting, 1277 

for rolled-thread process, 40 
for screw machines (see Screw 
machines) 
screw plate, 1269 
sectional, 1277 

shaving, allowances for, 602, 603 
shearing, 1277 
effect of, 603 
split, 1277 

spring, 544. 545. 1270. 1312 
standard sets, classification of, 
610-615 

stops for, 611, 612, 614, 61S 
stripper plates for, 612-614, 617 
strippers for, 615 
sub-press, 610, 611, 1277 
swaging, 1277 

taper caused by grinding, 60s 
trigger stops for, 615 
trimming, 1278 
triple action, 1278 
wiring, 1279 

Diesel-engine wear limits, Ii86a 
Die-sinking cutter at work, 1087 
Differential indexing, on Brown & 
Sharpe milling machines, 432 
formula and table for, 434-453 
general principles, 433 
Differential and non-differential 
methods of bobbing, 271 
Dilecto, 1081 

Dimension lines on drawings, 8 59 
Dimensioning, of dovetail slides and 
gibs, 809. 812 
of tapers, 859 

Dimensions, for adapters, 826-828 
for arbors, 875 

chordal, for multiple spindle 
heads, 855 

of circles and squares, rules for 
finding, 589 
of keys, 891-896 
for miter gears, 259, 260 
for spindle noses, 865-874 
for splines, 909-922 
for taper fittings, 924 
for tool shanks, etc., 887-888 
for T-slot cutters, 878 
for Woodruff keys, 899-908 
Dimensions and^ tolerances, for 
bearer mountings, 836-839 
for bushings, 829-831 
for keys, gib-head, 896 
plain, 891 
plain taper, 89s 
for shafts, 897 
for T bolts, 878, 881 
for T nuts, 879 
for T slots, 877, 880, 882-883 
Direct-current motors, 98 S “987 
Disappearing gage pins for dies, 6i6 
Disc grinder, 1288 
Disc polishing wheels, canvas, 525 
Discs, metal cutting, 470 
for taper gage, 786-789 
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Disston metal-cutting band saws, 

470 

data for different materials, 472 
Dividing head, Brown & Sharpe, 
arranged for differential 
indexing, 432 

milling cams by gearing with, 

40 S« 

Cincinnati, wide-range divider 
for indexing, 454-454/ 
Kearney & Trecker, astronomical 
attachment for indexing, 455 
hypoid, 455 
use of, 454/ 

Dog points for selj^crews, 683, 684 
Dogs, lathe, 1279 

Dolly bar and rivet set impression 
cone head, 709 
pan head, 710 
Double depth of thread, 83 
Double overhand knot, 1097, 1099 
Double-acting sub-press, 610, 611 
Double action dies, 609, 1274 
Double-cut files, 196, 197 
Double-end stud bolt, 665 
Double-end tool-post wrench, 1326 
Double-shoulder screw, 1314 
Douzi^me, unit of measurement, 192 
Dovetail forming tool blanks and 
holders, 582/1, 5876-587^ 
American standard dimensions, 
581, 586-587 

angle of master tool for making, 
SSO 

clearance of, 547 
depths of cut, 548, 549 
diameter of, 547 
finishing, 550 

fixture for planing, 549, 550 
making, 547 -SSi 
Dovetail forming tools, 1311 
Dovetail milling cutters, 1265 
Dovetail slides and gibs, table for 
dimensioning, 809, 812 
Dovetail tool blank, 587^ 

Dovetails, external and internal, 
measuring, 809, 813-814 
Dow metal, reamers for, 165 
speed for reaming, 169 
strength of, 625 
Dowel, 1313 
Dowel pins, 1302 
drills and reamers for, 152 
Draft, in die castings, 1076 
in drop-forging dies, 1085-1088 
die-draft equivalents, 1090, 
1091 

dimensions of, 1086 
standard angle allowances, 1086 
Draw-in bolts for standard milling- 
machine spindles, 87s 
Drawing, of monel, 352, io8i 
Drawing dies, 1274 
lor shells, 609 

shell-blank diameters, S88-S9it 
S 94 

shell-blank formulas, 590 
Drawing lubricants, for aluminum, 
monel, nickel, zinc, 630 


Drawing lubricants, for brass, cop¬ 
per, steel, 629 

Drawing-bath mixtures, for steel, 
1026, 1027 

Drawing-room practice, American, 
857-860 

Drawing-room and shop standards, 

828-939 

Drawings, conventional lines used 
on, 857 

dimension lines, 839 
dimensioning tapers on, 859 
sections, conventional, 860 
showing broken parts, 858 
third-angle projection, 857 
thread symbols, 860 
Drawn work, finding blanks for, 

588-591 

Dressing grinding wheels, crush 
rnethod, 5416-541^ 

Dressing tools for grinding wheels, 
493. 1288 

Dressing and truing grinding wheels, 
493-495 

diamonds for, 493 
Drill fittings, diamond core, 1374 
Drill jig bushings, standard, liner, 

831 

press fit, 829 
renewable wearing, 830 
Drill pipe (A.P.I.) for oil well work, 
103, 108-110 

Drill points, definition, 121 
Icn^h, 153 

for various materials, 1395 
Drill rod, not tempered, strength of, 
626 

tolerances on, 960 
Drill shanks, kinds, 118, 120 
Drilling, 118-153 
of Bakelite, 126, 1082 
de^-hole, rifle barrel, 1363—1367 
of fiber, 361 
in Ford plant, 343. 344 
of hard rubber, 360 
hardened steel, 147 
horse-power required for, 135, 998 
of Micarta, 357 

on multiple-spindle machines, 

141-143 

with stainless steel, 371 
Drilling heads, multiple-spindle. 

adapters for, 925-928 
Drilling machines, motors for, 9^4, 

998 

radial, 1281 
vertical, 1282 

Drilling troubles, causes and rem¬ 
edies, 127, 128 

Drill-point grinding, 121-124 
Drills, clearance of, 121, 124 
Drills, for Aihpco metal, 1329 
clearance or body, 152 
cutting and clearance angles, 
I20-122 

cutting compound for, 126, 141, 
145. 339 , 349 . 371 , 

diameters and areas of small, 

137-139 
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Drills, for dowel pins, 152 
end length^, iS 3 
fluted. 129, 132 

S inding wheels for, 509 
robet nigh-speed flat, 136 
helix angle, 119, 120, 122-124 
high-speed steel, speeds and 
feeds for, 134 
kinds, 1280, 1308 
lips, 122 

lubricants for, 126, 141. 14 S. 339 . 
349 , 371 

names of parts, 119-121 
point-grinding of, 121-124 
points, 124-125, I S 3 
for reamed holes, allowance in 
size, 141 

for screw machines, speeds and 
feeds, 562-564 

for self-tapping screws, sizes, 
690-692 

sizes, how designated, 118 
sizes, preferred, 14s 
special, types and uses, 129 
speeds, by fractional size, 133 
by letter size, 133 
by number size, 130 
speeds and feeds, chart for esti¬ 
mating, 140 

on various materials, 125-126. 
134. 142, 145 
tap, dimensions, 147 

sizes, American machine-screw 
threads, 148 

American threads, 148-150 
British, 152 

sizes and dimensions of machine 
screw heads, 666 
for uniform pitch thread series, 
ISI 

for taper-pin holes, 141, I44 
for tapped holes, 1381 
thinmng the web, 124, 127 
thrust loads on, 13s 
tungsten-carbide, speeds for, 14s 
two-lip gun, 134 
for various purposes, 132 
for watch-screw taps, 1S9-191 
(^See also Twist drills) 

Drive, chain, Link-Belt silent, 307, 
308 

Morse, 309, 310 

sprocket speeds and chain, 
velocities, 314 
Tex rope, 974 

Drive fit allowance, in dowel pin 
drills and reamers, 152 
for nonraetallic gear bore, 294 
Drive fits. Brown & Sharpe, grind¬ 
ing limits for, 768 
tight fit (class 6), 738, 744 
Drives, machine, individual vs. 
group, 990 

Driving axles and driving box fits, 
locomotive, 1185 

Driving boxes, locomotive axle fits 
in, 1185 * 

crovm brasses for, 1182-1184 
limits of wear 1187 


Driving boxes, taper of flanges for 
roller bearings, 1182 
taper of wedges and flanges, 1182 
Driving wheels, locomotive, shrink¬ 
ing tires on, 1175, 1176 
Driving-wheel tires, locomotive, bor¬ 
ing and turning, 1167-1171 
chart for turning, 1171 
wear allowance, 1170 
Drop-forging data, 1089-199S 
Drop-forging dies, draft in, 1085- 
1088, 1090-1094 
laying out, 1089, 1091 
making type for, 1086-1088 
shrinkage allowance, 1085 
swaging, 1088 

Drop-forging hammers, 1088 
Drop-forging insert dies, 1095 
Drop forging's tolerances, for draft 
angle, 1093 
for fillets, I09S 

for thickness and shrinkage, 
1091 

Drum cam, 1261 
Dry-ice fits, 783 
Dry measure, table, 1105 
Duralumin, annealing, 1079 
composition of, 1079 
heat-treatment for, 1079 
lubricants for turning, 1080 
machining, I 079 
properties of, 1078 
strength of, 625 

Duronze, composition and machin¬ 
ing, 1066 
Durnbit, 482 

Dust-exhaust hoods for grinding 
machines, 488 

E 

Edge cam, 1261 
Edge-welded ioints, 223 
Eight-pitch thread series, American 
National, 28, 32, 33 
Electric arc, cutting with, 216, 217 
Electric lamp bases, 1351 
Electric motors for machine tools 
(see Motors) 

Electric welding, 217-227 
arc (see Arc welding) 
atomic hydrogen process, 217, 218 
resistance process, 217, 218 
Electrical power compared with 
mechanical horse-power, 968 
Electrit, 482 

Electrodes, coated, cutting with, 216 
for shielded-arc welding, 219, 
220, 226 

speed of cutting with, 217 
Electrolon, 482 

Electroplating, effect on bolt and 
nut threads, 71 

Elements in alloy steels, functions 
of, 1031 

Elgin watch-screw taps, 189, 190 
Ellipse, area, rule for finding, 592 
EUiptoid tooth form, 1438 
Emery, 480 
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End feed on centerless grinder, 520 
End lengths of drills, 153 
End mills, 396, 399, 1265 
Brown St Sharpe, 385 
fishtail, 1266 
^nding, 47s, 476 
Morse, 38s 
shell, 400, 1268 
small, 1418 

Engine lathe (illus.), 1294 
parts, 1296 

Engine parts, for airplanes, fits and 
tolerances, 1163 

for automobiles, fits and toler¬ 
ances, Fo^, 1164 
Lincoln Zephyr, 1165 
(See also Automobile engine) 
English and metric conversion 
tables, measures of capacity 
and volume, 1108 
measures of length, 1108 
of surface, 1108 
of weight, 1108 

Enlarged pinions, measuring with 
wires, 2520-2526 

Epicycloidal gear tooth, definition, 
.230 

Equivalents, die draft, 1090, 1091 
Errors shown by optical flat, 727- 
^ . 732 

Estimating, lumber for patterns, 932 
machining time, 340-346 
milling time, 403 
screw machine work, 577i 578 
speeds and feeds of drilled work, 
140, 141 

Etching fluid, 1061 
"Even” gearing of lathe, 77 
Everdue, composition and uses, 
1064, 1080 

Exhaust hoods for grinding ma¬ 
chines, 488 

Expanding alloy, composition and 
melting point, 210 
Expansion bolt, 1256 
Expansion fits, definition, 781, 1283 
for various metals, 783 
Expansion reamers, 154 
names of parts, 158 
External and internal dovetails, 
813, 814 

Extra-fine screw-thread series, 25-27 
basic dimensions, 25 
tolerances, free fit, 16-17 
medium fit, 26-27 
for nuts, 26-27 
Eye bolts, 702, 703, 1256 
safe loads for, 1102 
Eyelet brass, composition, and uses, 
1064 

F 

Pace cam, 1262 

Pace-milling cast and malleable iron, 

« 389 

Face-milling cutters, 383, 386, 394, 
1266 

mounting, 1401-1411 


Pace-milling steel, chart for feeds 
and speeds, 386-387 
Pace mills, for accurate work, 1406 
carbide, 377. 378, 385. 392 
Cincinnati data and tests, 380- 
383, 386 

high-speed steel, 378 
Kearney & Trecker data and 
tests, 390-393 

negative rake, 377, 380, 382, 385, 
393 

(See also Negative rake cutters) 
rake, “Axial,” “Radial,” “True,” 
and Corner angle, 380-382 
used in tests, 392 

Faceplate for multiple-thread cut¬ 
ting, 84 

Faces of grinding wheels, standard, 
502 

Factors affecting carburizing of 
steel, 1038 

affecting selection of grinding 
wheels, 496 

of safety, for various materials, 
„ , 939 

Fahrenheit and Centigrade con¬ 
version tables, 1023-1024 
Parmer drill, 132 
Fastenings for belts, 974-976 
Faults in hardening, and means of 
correcting, 1019-1020 
Federal services, screw thread stand¬ 
ards and wire measurement 
practice, 58a 

Feeding the work in milling, 391 
Feeds, for aluminum, 343 
for brass, 342 
for bronzes, 342 
for drilling in Ford plant, 344 
for fiber, 361 
for hard rubber, 361 
for iron and steel, 340—342 
for machine-steel forgings, 341 
for milling, calculating, 376 
of milling cutters, 377 
tables, 385 

Feeds and speeds (see Speeds and 
feeds) 

Feeler gage, 1284 

Fellows gear shaper, for cutting 
rack teeth, 232, 320 
stub tooth gears, 247-248, 14^8 
Pelt polishing wheels, 524 
Fiber, bending, forming, milling, 
punching, sawing, shaving, 362 
strength of, 625 

turning, threading, drilling, 361 
Files, angle of cut, 196, I99 
characteristics, 1916—197 
CTOups, 197-199 

for hardness test, 105s 
length, how measured, 196 
machinist’s, 198, 1477 
miscellaneous types, 198 
parts, 196 
rasps, 198 
recutting, 199 
rotary, speeds of, 200 
saw, 197 



1502 AMERICAN MACHINISTS’ HANDBOOK 


Piles, single and double cut, 197 
Swiss pattern, 199 
tooth spacing, 197 
Vixen, 199 

Fillet welds to replace rivets, length 
of, 324 

Fillets, areas and volumes for figur¬ 
ing weight of, 933 
on drop forgings, 1091 
Fillister-head capscrews, head di¬ 
mensions, 656 

Fillister-head machine screws, head 
dimensions, 6 S 3 
Arnerican Phillips, 660 
Finding bevel-gear angles, 264, 265 
Finding diameter, of broken gear or 
pulley, 1216-1217 
of circular work without center, 
1213, 1214-1216 

of shell blanks, 588, S 90 , S 9 i, 594 
Finding dimensions of circles and 
squares, 589 

Finding total keyway depth, table 
for, 893 

Fine and coarse thread series, tap 
drills and screw heads for, 
666-667 

Fine-pitch gear tooth parts, A.G.- 
M.A. recommended practice, 
27S<f-275« , . . ^ 

Pine-pitch gears (enlarged pinion), 
A.G.M.A. tentative standard 
for 20-deg. pressure angle gears, 
252a 

Fine-^itch hobs, Barber-Colman 
Standard, 275-27sa 
gear tooth parts, A.G.M.A. 
recommended practice, 27sd- 

limit chart, 275^ 
size and operation, 275a-27S& 
Fine-thread screw, bolt and nut 
dimensions, 682 

Fine-thread series, American Na¬ 
tional, 16-19, 20 

Fine-tooth cutters, compared with 
coarse-tooth, 376 

Finish of work, milled surfaces, 376, 
379 

Finished hexagon capscrew heads, 
673 

Finishing surfaces, superfinish, 540 
Fire-hose coupling, threads, 114-117 
Fire hydrants, caps, thread dimen¬ 
sions, IIS, 1 16 

nipples, thread, dimensions, iis, 
117 

Pirthite tungsten carbide tools, 367 
Fishtail cutter, 1264 
Pits, allowances apd tolerances for, 
. 733 - 73 S 
formulas for, 754 
of ball and roller bearings, 835, 

843 

British Standard, 769-771, 774- 
783 

classification of standard, 738-754 
drive, 736 


Fits, drive, grinding limits for, 768 
(See also Pits, tight) 
expansion, 781, 783 
force, heavy, 736, 738 
table of, 750, 752 
force, medium, 736, 738 
table of, 746, 748 
free, 736, 738 
table of, 740 

grinding limits for different classes, 

767-769 

ISA system international stand¬ 
ards, 755 

for interchangeable assembly, 
739-742. 754 , ^ ^ „ 

in locomotive work, A.A.R. 
standard allowances for differ¬ 
ent kinds, 1186 

determined by pressure method, 
1177-1180 
in repair shop, 1185 
taper, 1181 
tires, II74-1175 
loose, 726, 736, 738 
table of, 739 
medium, 726, 736, 738 
table of, 741 

press, checking by rock of pin 
gage, table, 724 
making, 780 

running, checking by rock of pin 
gage, 722, 723 
grinding limits, 767 
large allowance, 738, 739 
liberal allowance, 738, 740 
medium allowance, 738, 741 
for selective assembly, 743~7S4 
shrink, 736, 738 
malang, 780 
table of, 750, 752 
sliding, allowances for, 783 
snug, 726, 736, 738 
table of, 742 
standard, 736, 738-7SS 
of studs, 187-189 
in aluminum, 189 
in cast iron, 188 
taper, 781 
tight, 736, 738 
table of, 744, 745 
wringing, 736, 738 
table of, 743 

Pits and clearances for airplane 
engines, 1163 

Fits and clearances for automobile 
engines, Ford, 1164 
Lincoln Zephyr, ii6s 
for locomotives, 1185 

Fits of screw threads, American 
National classification, 6-35 
coarse-thread series. Class 1, 
loose fit, 6, 10-15 
Class 2, free fit, 6, 10-15 
Class 3, medium fit, 7, 10-15 
Class 4, close fit, 7-10-is 
extra-fine thread series, basic 
data^ 25-27 

nut dimensions and toler¬ 
ances, 26-27 
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Fits of screw threads, American 
National classification, 
fine-thread series, Class i, 
loose fit, 16-19 
Class 2, free fit, 16-19 
Class 3, medium fit, 16-19 
Class 4, close fit, 16-19 
terms relating to classification 

of, 3 

British standard fine, close fit, 39c 
free fit, ^oe 
medium fit, 39J 

British standard Whitworth, free 
fit, 39a 
close fit, 38 
medium fit, 39 * 

Fits and tolerances, for Bower roller 
bearings, 838, 842 
for New Departure Radax bearing 
mounting, 836, 837 
Fitting and measuring, 718-784 
Fittings, serrated shaft, S.A.E., 923 
Fittings, taper, S.A.E., 923. 924 
Fixed points for thermometer cali¬ 
bration, I 02 S 
Flame cutting, 212-215 
by hand, 214 
by machine, 212 
width of kerf, 1446 
Flame-hardening gear teeth, 1439 
Flanging tools, hot, die clearance for, 

609 

Flaring pans and measures, dimen¬ 
sions, 639 
Flash welding, 218 
Flat, optical, measuring with, ^2^- 


732 

principle of wedge of air, 729 
testing amount of flatness error, 
728 

testing gage blocks with, 730 
Flat drills, Grobet, 13s 
Flat end of thread tool, grinding of. 


53-S5 

Flat leather belts, horse-power 
ratings, 970-974 
Flat surfaces, lapping, 530-534 
Flat work, large, carburizing, 1041 
Flat-head capscrews, head dimen¬ 
sions, 654 

Flat-head machine screws, American 
Phillips, 6s7 

Flat-head screws, head dimensions, 

649 

Flat-head wood screws, 696 
Flaws, detecting with Magnaflux 
method, 1055, 1056 
Flexible grinding, 524-527 
abrasive grain used, 526 
vs. solid-wheel grinding, 524 
Fluid dies, 1275 
Fluid for etching steel, 1061 
Fluids, cutting {see Cutting lubri¬ 
cants) 

for use in grinding, 495 
Fluted-socket capscrews, 688 
setscrews, 683 
Flutes of reamers, 163 


Fluxes, for oxyacetylene welding and 
brazing, 2isa-2i6 
for soldering, 1379 
for welding, 212 
Fly cutters, definition, 1266 
Fly tools for worm gears, 274 
Fly wheels on milling machine 
spindles, advantages, 376 
Follow dies, 1275 
Force fits, grinding limits for, 768 
pressures required for, 781 
Ford cylinders, boring data, 343 
Ford 8s-horse-power engine, fits and 
tolerances, 1164 

Ford Industries, steels used in, 1046- 
1049 

Ford plant, drilling and boring in, 
343 

Forged tools, definition, 322 
Forging, aluminum alloys, 1444 
machine dies, 1096 
swaging process, 1088 ^ 
temperatures for aluminum, 1444 
Forging and forming in aircraft 
work, 1440-1445 

Forging heats, for S.A.E. steels, 1096 
Forgings, drop (see Drop forgings) 
Form and profile cutters, 4050 
Form tools for locomotive tires, 

1168, 1169 

Formate gear teeth, 1424 
Formica, 1081 

machining, 356-357 
Forming aircraft sheet metal parts 
on, contouring rolls, 640M-640 i> 
corrugating and forming rolls, 
6405-640^ 

deep, draw press, 640t^-640w 
draw bench, 640s—640^ 
drop hammer, 640/-640U 
flanging machine, 540 f >~5409 
hydro-press, 6400-640;^ 
power brake, 640X 
punch press, 640w-6403e 
shrinking machine, 640m-640n 
spinning lathe, 64on-640o 
stretcher press, 640r-640J 
Forming and forging in aircraft 
work, 1440-1445 
Forming on nydro-press, 618 
Forming tool blanks, circular, 581- 

585 

dovetail, 581, 583, 586 
Forming tools, 5477558, 1311 

circular, calculating diameters of, 
559—5596 

calculations for operating, 553 
chart for, 554 
for cone points, 532 
and holders, 582/-5870 
finding diameters of, 555-558 
formulas, for depth of cut, 547, 
548. 549 

for tool diameters, 547-549, 
.559^ 

making, 549-551 
dovetail, dimension of, 586, 587 
formulas for depth of cut, 547- 
549 
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Forming tools, dovetail, and holders, 
582/, 587&-S87d 
making, S 49 -SSI 
master tools for, 550, 551 
speeds and feeds, 562, 564 
Forms and tolerances of threads, i 
Formulas, for cutting speeds, 325- 

327 

for gearing, 233-234 
for indexing, with Brown & Sharpe 
dividing head, 432-435 
with Cincinnati dividing head, 
454 

with Kearney & Trecker divid¬ 
ing heads, 455 

for measuring taper pipe threads 
with 3 wires, iiifl-iii6 
with 2 wires, iiic-iiid 
for measuring threads with wires, 
53-73 

Acme; 29-degree 58/, 60, 71 
American National coarse and 
fine threads, 56, 57-64. 7 i 
British Association, 59, 60, 68 
British Whitworth, 59, 60, 66 
Brown & Sharpe worm threads, 
, 73-75 

Loewenherz thread, 58, s8c, 
S8/-60 

metric threads, s8c-6o 
sharp V thread, 56-58 
for plugs for testing angles, 
1209-1211 

for right-angle triangles, table 
of, 1212 

for selecting bevel gear cutters, 
264 

for spur gears, 237-239, 296-298 
for stub-tooth gears, 248 
for total keyway depth, 893 
for worm gears. 300-303 
for worm threads, 298-300, 304 
Foundation bolts and washers, 1002 
Fractional divisions in degrees on 
Cincinnati wide-range divider, 
454 - 454 « 

Fractional and letter-size drills, 
speeds for, 133 

Fractions, decimal equivalents of, 
1118, 1119 

and nearest sixty-fourths, 1122- 
1124 

and decimals of an inch, millime¬ 
ter equivalents of, 1115 
of an inch, millimeter equivalents 
of, nil 

of millimeters, decimal equiva¬ 
lents of, 1113 

prime number, and decimal equiv¬ 
alents, 1121 

Free fit, American National thread 
series, 6 
tables, 10-19 

Free fits, metal, 736, 738, 740 
Freezing, deep, 1010 
Friction and hot saws, 1473 
Furnace, muffle, 1284 
Furnace atmosphere, oxidizing, neu¬ 
tral and reducing; 1022 


Fusible alloys and solders, 208 
melting points, 209, 210, 1072 

G 

Gage blocks, checking with optical 
flat, 730 

Gage inspection, 1448 
Gage numbers, equivalent sizes by 
various gages, Birmingham or 
Stubs’ iron wire, 941 
Imperial wire, 941 
Stubs’ steel wire, 940. 941 
Trenton Iron Company, 941 
U. S. Standard for plate, 941 
Washburn & Moen Mfg. Co., 

941 

Gage pins, disappearing, for dies, 
616 

Gage settings for holes in a circle 
81S 

for laying out angles, 815 
Gage sizes, for turning work to be 
ground, 516, 517 
for twist drill and steel wire, 640 
Gage stops, for dies, 615 
Gage system, Newall, 726 
Gages, American Gage Design Com¬ 
mittee standard, 759-760 
for American Standard or Briggs 
pipe threads, 91-94 
for American Standard straight 
pipe threads, 95 

A.S.M.B. specifications for plain 
limit. 755-758 

for British pipe threads, 111 
caliper, 733. 734 
diamond-point, 765 
definitions, 733 
depth, 1284 

for different materials, 959 
direction of tolerance on, 732 
drill, 1284 

Elgin Watch Co., 192 
feeler or thickness, 1284 
for fire hose couplings, 116 
"go” and "not go,” in inter¬ 
changeable manufacture, 733 
specifications, 756 
tolerances for, 762 
grinding wheels for, 510 
indicating, 733, 734 
inspection, 735. 765 

truncated Whitworth form 
threads, 370-37«' 
kinds of, 1284-1285 
limit, A.S.M.B. specifications for, 
755,760 

American Gage Design stand¬ 
ard plug, 759 
standard ring, 760 
standard temperature for, 733 
master, 735 

measuring with light waves (with 
optical flat), 727-732 
oil well casing, A.P.I., no 
periodical tests, 756 
pin, for bores, 722 
table for, 723. 724 
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Gages, plating with chromium, 763 
plu?, 733 . 734 . 796 
diagram for, 737 
lapping, 336 

parts, construction of, 739 
principle of measuring fits by, 
7 SI 

for standard reamed holes, 577 
for standard tapers, 793 
tolerances for, 767 
receiving, 733. 734 
ring, 7 ? 3 , 734 
lapping, S33 

for standard slow taper, 79o 
tolerances for, 167 
sheet, 939 
snap, 733 . 734 . 767 
for diameters, 738 
for length, 766 
tolerances for, 737 
surface, 1283 
taper, 783 

formulas for use, 783-789 
thread, 1283 

tolerances for interchangeable 
metal fits, 764 
on pitch diameter, 765 
truncated thread, for setting “go’* 
ring-gages, 24 
tungsten-carbide, 76s 
types, 755-760 

wear, effect of smooth finish on, 
S 4 I 

wear and tolerance of, 760-763 
wire, 959, 1285 
working, 738 

Gaging, automatic and air, 77i. 780 
of holes by rock of pin gage, 722, 

723 

Newall system, 726 
Gang dies, 1275 
Gang milling cutters, 1267 
Gas cutting, oxyacetylene, 211-215 
by hand, 214 
by machine, 213 
tables of speed, 213, 214 
Gas-cylinder threads, 1347 
Gas engine horse-power, A.L.A.M. 

(S.A.E.) rating, 968 
Gas welding, 212, 215 
Gashing angles for worm wheels, 
303-306 

Gasoline and steam engines, piston 
ring data, pdp, 970 
Gear angle of helix, finding, 248 
Gear blanks, table for turning and 
cutting, 253 
Gear cutters, 1267 
motors for, 994 

Gear cutting, speeds and feeds, 289. 
292 

Gear drives, spiral bevel, testing and 
adjusting, 286-289 
Gear formulas, metric pitch, 235 
Gear measurement by wires, 1427 
Gear motors, 987 

Gear ratio, for indexing on dividing 
head, 432 


Gear shaper, 1313 
Gear shaping, for Bakelite, 1081 
Gear stocking cutter, 1267 
Gear system, angular straight bevel 
gears, 266/1-2661 

Gleason straight bevel, 266, 266/ 
addendum and circular thick¬ 
ness, 266c-266d 

clearance and working depth, 
266 

pressure and face angles, 2666 
proportions of, 266b-266d 
Gear table, helical, 284-286 
Gear teeth, actual size of diametral 
pitches, 245 

addendum, long and short, 249 
calculations for, 233, 234 
clearances, 1426 
generated on blank, 267 
grinding, 292 
nobbing, 266j-275b 
(See also Hobbing) 
measurenient by pins, 256 
modification in form, 232 
parts, 230, 240-243, 275 <f- 27 Sg 
based on circular pitches, 242, 

243 

on diametral pitches, 240, 241 
pitch, corresponding diametral 
and circular, 235, 240-243 
pressure angles, 246 
Fellows standard, 247 
proportions of, 233-233 
shapes, 230 

shaving, burnishing and lapping, 
292 

Gear wire sizes, 1428-1436 
Gearing, 1424-1439 

total depth of shaved tooth, 252 
Gears, A.G.M.A. Standard keyways 
for, 898 

A.G.M.A. tentative standard, for 
enlarged pinions, 2520-2526 
A.S.A. Standard composite tooth 
systems, 236 
Bakelite, 294 

bevel, cutter set-over for, 263, 264 
cutters for, 262-266 
finding proportions, 261 
laying out flanks, 260-262 
parts, 259 
planing, 266 

spiral, 231, 232, 286-289, 1283 
cutting on Gleason machine, 

232 

table, use of, 264-265 
broken, finding diameter of, 1216, 
1217 

calculations for, 233-234, 237, 

239-243. 247-266, 273-285. 
290, 291. 293-303 
chordal ^itch, constants for deter¬ 
mining, 239 
definition, 230 

circular pitches and correspond¬ 
ing diametral, 233, 240-243 
circumferential speeds for, 979- 

984 
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Gears, cutting, methods of, 230, 232 
in milling machine, 427-431 
for cutting screw threads, 78-80 
for diametral pitch worms, 86-89 
actual sizes of, 244-246 
and corresponding circular 
pitches, 240, 241 
eccentric, 231, 1286 
elliptical, 231, 1286 
full depth, enlarged pinion, 2526 
helical, 231, 1286 

circular-pitch, table of real 
pitches, 280-283 
diagram of, 277 
formulas, 277-280, 284, 285 
45-deg. calculation of, 276-280 
bobbin^, 269-273, 275 
measuring with wires, 281a- 
28id 

spur-gear cutters for, 281 
table to obtain lead of helix, 
284-285 

teeth, angle of, 1424 
heeringbone, 231, 232, 1286 
bobbing, 266^-275 
hypoid, 231, 232, 1286 
internal, broach for, 642 
involute, 238, 254 
interference in, 248 
lathe, for screw cutting, 80 
Maag, 232 

measuring with wires, 252^-252^ 
metric, 1287 
metric pitch, 255 

for milling of cams, tables, 407- 
426 

milling with formed cutters, 230 
miter, dimensions, 259, 260, 261 
formulas for, 261-264 
module, 1287 

nonmetallic, A.G.M.A. formulas, 
for horse-power, 296-298 
for keyway stresses, 295 
for torque, 294 
bore sizes, 294 
composition, 294 
phenolic formula for horse-power, 
296 

keyway stresses, 295 
pressure angles, 246 
reduced (short addendum), meas¬ 
uring, 2 S2C-2S2d 

shaving, burnishing, lapping, 292 
short addendum, measuring with 
wires, 2520-252^ 
skew bevel, 231 
bobbing, 2^ 

special sizes of wires for meas¬ 
uring, 2S2d 
spur, 231, 1287 

chordal pitch and radius, con¬ 
stants for, 239 

composite gear-tooth system, 
236-238 

corrections for long addendum, 
2S4-3S4f> 

bobbing of, 266-269* 272 
involute-tooth,'20-degree, 238 


Gears, spur, involute-tooth cutters. 
Brown & Sharpe, 254 
laying out blanks for, 244 
measuring by use of pins, 
255—259 

nonmetalUc, horse-power of, 
296 

speeds and feeds, 273 
tolerances, table of, 290-291 
standard, pitch diameters of, 250, 
251 

standard proportions, shaved 
tooth, 252 t 

stub tooth. Fellows standard, 232, 
247, 248 

formulas for, 238, 246-248 
outside diameters, 248 
20-degree involute system, 238 
Sykes, 232 

tolerances in, 289-292 
total depth, shaved tooth, 252 
“translating,” for cutting metric 
threads, 79-81 

turning and cutting gear blanks, 
2S3 

types, 230-232, 1285-1288 
worm, 231, 298-306, 1287 

A.G.M.A. practice in designing, 

303 

cutting with fly tool, 274 
designs of, 303 
formulas for, 299, 300-303 
gashing angles for wheels, 305, 
306 

hobs and bobbing for, 273-275 
proportions of worm threads, 

304 

single and multiple thread, 
298-300 

special, handled on bobbing 
machines, 275 
tolerances for, 293 
{,See also under specific names) 
Gear-tooth caliper, 1260 
Gear-tooth cutters, B. & S. involute, 
254 

Gear-tooth gage, 1284 
Gear-tooth systems, 20-degree stub 
involute, 238 

A.S.A. standard composite, 236- 
238 

Genelite, 1080 

General Motors, carburizing ma¬ 
terials, 1039 

forging heats for S.A.E. steels, 
1096 

standard cotter pins, 694 
standard specification for screw- 
thread gages, 762 
standard Woodruff key, 902, 904 
General-purpose steel, for welding, 
221 

General reference tables, 1104-1160 
General shop work, grinding wheels 
for, sii 

Generating of gear teeth, 267 
Geneva motion, 1288 
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German silver, composition of, 1072 
stamj)ings, allowances for shav¬ 
ing, table, 602 
strength of, 625 
Gib-head taper stock keys, 896 
Glass, drills for, 129, 132 
grinding wheels, for, 510 
weight of, 1106 
Glass gages, 1448 

Glazing of oilstones, prevention of, 
S 30 

Gleason, angular straight bevel 
gears, parts, data and calcu¬ 
lations, 266^-2661 
spiral bevel-gear drives, 286-289 
straight bevel geaf system, 266- 
266^ 

addendum and circular thick¬ 
ness, 266c-266d 
calculations for, 266e~266g 
clearance and working depth, 
266 

dimensions, 266f-266g 
pressure and face angles, 2666 
proportions of, 266b-266d 
Glue, for abrasives for polishing, 
526 

preparing, 527 

“Go’*^ and “not go” gages, 726, 
759-761 

specifications, 756 
thread tolerances for, 761-763 
Gold coin, 1072 

Gold, weight per cubic inch and 
cubic foot, 1073 

Gould & Eberhard duplex gear cut¬ 
ters, 1267 

Grade or hardness of grinding 
wheels, 484 

Grade markings on grinding wheels, 
483, 48s, 486 

Graduations, on micrometer, 720 
on vernier, 718 

Grain, abrasive, for polishing, 526 
sizes (Norton standard), 483 
and grade of grinding wheels, 483 
Grain spacing of grinding wheeli. 
484 

Granite, weight of, 1106 
Granulated bone, sizes of, 1042 
Graphitizing, 1004 
Greenlee automatic screw machine, 
capacity of, 582^ 

Gresolite, 482 

Gxidley automatic screw machine, 
capacity of, 582^ 

Grinder, centerless, 479. 518-520, 
1289 

disc, 1288 
universal, 1290 
Grinders, classes of, 479 
Grinding, 479-531 
arc of contact of wheel, 4971 499 i 
500 

of cam machine parts, table of, 
481 

carbide cutters, 478-47 8 b 


Grinding, of carbide tools, 368 

on diamond wheels, 371, 478- 

4786 

negative rake, 5286 
silicon carbide wheels for, 369 
centerless, amount of cut, 518 
end feed, 520 

in-feed and through-feed, 519 
commercial, 479, 480 
with diamond powder, 537-538 
different matenals, 496 
of drills, 121-127 
dust exhaust for, 488 
face, for dies and taps for different 
materials, 193. 355 
of flat on thread tools, table, 54 
flexible, types of abrasives, belts 
and wheels, 524-526 
of form and profile cutters, differ¬ 
ence in method, 40sa 
of gear teeth, 292 
of hard rubber, 360 
of hollow shafts in production, 
480, 481 

internal, 520-522 

allowance of stock for, 521 
of milling cutters, 474-4786 
and polishing, 524 
of reamers, clearances, 160-162, 
163-168 

various materials, 165-167 
of sleeves, 480, 481 
solid-wheel vs. flexible, 524 
of spindles in production, 480, 481 
sprayed metal, various kinds, 
54ia-54i& 

wheel speeds for various jobs, 498 
work speeds for various jobs, 499, 

1423 

(See also Honing; Lapping) 
Grinding allowances, for bronze 
bushings, 577 
left in turning, 516, 5.17 
Grinding data, production, 479-481 
Grinding limits for cylindrical 
pieces, 767-769 
for holes, 769 

Grinding lubricants, for aluminum 
and its alloys, 495 
for various materials, 336-339 
Grinding machines, classes of, 479 
motors for, 993 

surface, magnetic chucks for, 
517-518 
types of, 498 

Grinding wheels, 1419-1424 
abrasives for. 480-482, 486-488 
selection 01, 487, 500 
for armatures, 505 
A.S.A. safety code for,, 489 
for axles, automobile and railway. 

505 

for ball bearings, 505 
Bakelite, speeds for, 498 
for best cutting edges, 5280-5286 
bond, purpose of, 482 
bonds used, 482-488 
Bakelite, 482-484 
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Grinding wheels, bonds used, 
resinoid, 486 
rubber, 482-484 
shellac (elastic), 482-484 
silicate, 482, 484. 486, 488 
vitrified, 482, 484, 486, 488 
for brass, 506 
for broaches, 506 
for bronze, 506 
for bushings, 506 
for cams, S06 
for car wheels, 506 
for carbide tools, SiS-Sid 
care of, 496, 1422 
for cast iron, 507 
on centerless grinder, 518 
for chasers, 507 
chilled iron and other rolls, 
for chisels, 507 
for chromium plating, 507 
for commutators, 507 
composition of, 482 
for connecting rods, 507 
for copper, 507 
for crankshafts, 508 
crush-dressing, 5416-5414 
details, 541 4 
as cutting-off tools, 522 
for cylinders, 508 
diamond, 523 
diamonds for, 493-495 
for dies, 509 

dressing and truing of, 493-49St 
1288 

for drills, 509 
exhaust pipe for, 489 
faces, standard, 502 
flanges, 489, 490 
flexible, 524 
for forgings, 509 
for gages, 510 
for gears, 509, 510 
for glass, 510 

grade markings of, 483-486 
grain and ^ade of, 483 
grain spacing, Norton, 484 
grit and bond, 482 
guards for, 491 
for guide bars, 510 
inspection of, 484 
internal, 520-522 

width and diameter, 521 
for knives, 510 
speeds, 498 
for links, 511 

for machine-shop work, general, 
Sii 

for malleable, $11 
for monel, 511 
motors for, 993 
mounting, 484 

for pistons and piston parts, 511 
protection flanges for, 490 
for reamers, 512 
clearance, 168 

recommendations, Norton, 500 
table, 505-516 
resinoid bond.for, 486 
for rifle barrels, 512 


Grinding wheels, for roller-bearing 
parts, 512 

rubber, speeds for, 498 
rubber bond for, 482, 484 
for rubber rolls, 513 
for saws, 513 

selection, factors affecting, 496- 
501 

shellac bond for, 482, 486, 505-516 
silicate bond for, 482, 484, 486, 488 
sizes specified for spindles, 486, 
492 

speeds, for cylindrical grinding, 
498 

for different classes of work, 498 
for internal grinding, 498 
for shellac cutting-off wheels, 
498 

for surface grinding, 498 
for various diameters, 503-S04 
spindles for, 489 
for spline shafts, 513 
for sprayed metals, 5416-541^ 
for steels, 514 
for Stellite, 514 
storage of, 484 

structure, methods of marking, 
483-486 
for taps, 515 
truing of, 493, S2i 
for tungsten and tantalum carbide 
tools, SIS, 516 
types, standard, 501 
for valves, 516 

for various materials, 505-516 
vitrified bond for, 482, 484, 486, 
488 

for worm threads, 516 
Grip bolts, Harvey, 704 
Grobet high-speed steel flat drills, 
^ 135, 136 

Grooved-head wood screw, 1313 
Grooving of automobile-engine pis¬ 
tons, 1161 

Ground-thread taps, 173, 178-179, 
181, 183 

for stud holes and studs, 693, 

, Group drives versus individual 
motors, 990 

Group-set saw teeth, 471 
Guards for grinding wheels, 491 
Guerin forming process, 1440 
Guide bars, gnnding wheels for, 510 
Guide bushing, definition, 614 
Guide holes, definition, 615 
Guide post, definition, 614 
Guide to tvpe of motor, 987 
Gun barrel reamers, 1368 
Gun drill, two-lip, 134 
Gun drilling tip, 132, 135 
Gun metal, composition of, 1072 

H 

Hack saws, 461. 1466 
blades for various materials, 
Atkins, 463 
Starret, 462 
hand, 473, 1471 
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Hack saws, uses of , 47 o 
Hadfield tests of steel, 1057 
Half hitch, 1100, iioi 
Half-side mill, 381, 383 
Hammers, forging, factors in select¬ 
ing, 1088 
motors for, 99s 
steam, 1084 
types of, 1290-1291 
Hampden wheel-grade markings, 

48s 

Hand lapping, 532 
Hand reamer, action, 162, 163 
Hand taps, National form, 178 
tolerances, 177. I79 
Hand welding, blowinpe chart, 215 
Hand wheels, Pratt & Whitney, 832 
Handles, ball crank, 833 
machine, 834-83 5 
for plug gages, 757 
two-ball lever, 835 
Hanger bolts, 668, 1256 
Hard bronze for piston rings, 1063 
Hard rubber, diamond tools for 
machining, 366 

grinding dies and taps for, 193, 359 
lubricants for cutting, i93 
for threading, 359 
machining, 359-361 
saws for, 469 

Hard solder, composition of, 210 
Hard soldering and brazing, dif¬ 
ference between j 210 
Hardened steel, drilling, 147 
Hardening, of carbon tool steel, 1029 
of cast iron, 1057 
cloudburst method, 1033 
definition, 1003 

faults, and means of correcting, 
1015^-1020 

of gear teeth by flame, 1439 
of high-speed steel, English meth¬ 
ods, 1032 

rules for, 1018-1021 
Hardening bath for steel, 1006 
Hardness and tensile strength, 1026 
Hardness of material and milling 
speeds, 386-387 

Hardness numerals, conversion 
table, 1058 

Hardness strength of steel, 1057 
Hardness tests, Brinell, 1054 
cloudburst, 1054 
file, 1055 
Monotron, 1055 
Rockwell, 1017 
scleroscope, 1017, 1018 
spark, 1054 

Vickers diamond pyramid, 1055 
Hardsteel drills, 147 
Harvey grip bolt thread, 704 
Haynes Stellite, composition and 
uses, 1033, 1035 
J metal, 362-364 

Head dimensions, capscrews, 654 . 
6 SS, 656 

machine screws, 652, 653 
American Phillips, 657-^3 
Kollsman Instrument, 666, 667 


Head dimensions, screws, 649, 650, 

651 

setscrews 673 

Heading Allowances for bolts, and 
upsets, 930 
Heading dies, 1276 
Headless wood screw, 1313 
Heart-shaped cams, milling, 405/ 
Heat treating, fixed points for 
thermometer calibration, 1025 
Heat-treatment, of carbon tool 
steels, 1027-1029 
definition and terms, 1003 
of Duralumin, 1079 
of S.A.E. steels, 1012-1016 
of spring steel, 1037 
of stainless steels, 1036 
of steel, annealing, 1005 
with coal or coke, 1004 
hardening bath, 1006 
heating with gas and oil, 1004, 
lOOS 

heating in liquids, 1004 
for railroad work, 1188 
terms relating to, 1003 
Heated steel, colors of, 1032 
Heating, induction, 1083 

rate of, for various shapes, 1021 
of steel, even, 1032 
Heats for forging S.A.E. steels, 1096 
Heavy force and shrink fits, 736, 
„ . 738, 750. 752 
Heliarc welding, 1446 
Helical gears {see Gears, helical) 
Helical milling cutters, advantages 
of. 394 

clearance angles, 476, 477 
grinding, 474 

Helical mills, approach of cutter, 
40Sg 

Helical slabbing cutters, 394 
Helical taper-pin reamers, 155 
Helices, table of change gears for 
cutting, 405 a- 40 Se 
Helix angle, of milling cutter teeth, 
380 

for milling cutters, 393 
of old gear, finding, 284 
of plain mills, 394 
of screw threads, 2, 25-30 

effect of, on wire measurement. 
72 

formula for, 81 
of taj) flutes, 172 
of twist drills, 119. 120 
Herbert’s file tests, I99 
Herringbone gears, 231, 232, 1286 
Hexagon, properties of, 1218 
table for laying out, 1212 
Hexagon bars, weight per foot, brass, 
955 

steel, 954 

Hexagon bolt heads, 670, 671 
Hexagon box wrench, 1326 
Hexagon capscrew heads, finished, 
672 

Hexagon capscrews, socket, 686 
Hexagon nuts, A.S.A., 674-679 
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Hexagon nuts, British Standard, 
Pine (B.S.P.), 711-717 
S.A.E., 680-682 

spacing for wrench clearance, 840 
Hexagon self-tapping screws, 689 
Hexagon setscrew heads, 673 
Hexagon setscrews socket, 684 
Hexagon wrench openings, standard, 
678 

Hexagon-head bolts, 682, 1256 
British Standard Fine, 711, 712, 


Hexagon-head tap bolts, 1257 
Hexagon-head wood screws, 1313 
High brass, composition, 1066, 1071 
properties, 1071 
uses, 1069 

High-chromium steels, 1008-1009 
High-cycle motors, 999 
High-helix drills, 129, 132 
High-nickel alloys, planer and shaper 
tools for, 347, 348 
High-silicon bronze, 1066 
High speed milling, 375-378, 384- 
387. 388-392 
requirements, 376 

also Milling; Negative- 


rake cutters) 

High-speed saws, band, 1472 
speeds for, 466 

High-speed steel, bit sizes for tool 
holders, 888 
for broaches, 641 
chasers, speeds, 574 
cutters, 378-384, 391, 392 
drills, Grobet small flat, 736 
speeds and feeds on various 
materials, 134 

milling cutters, details, 376-379 
reamers, speeds on various mate¬ 
rials, 575 

tools, speeds on turret lathe, 346 
High-speed steels, composition, 1030 
hardening, cloudburst, 1033 
English method, 1032 
heat-treatment, 1030-1032 
Hindley worm gearing, 275 
Hitches, for rigging, 1100 
Hob milling cutter, definition, 1268 
Hob taps, 544 . ^ ^ 

Hob teeth, generating action of, 267 
Hobbing, chmb, 292 
coolant for, 273 
definition, 267 
of gear teeth, 2667-275 
speeds and feeds, 269, 273 
of helical gears, 269 

differential and nondifferential 
methods, 270-272 
methods, other applications, 275 
spline, 292 
01 spur gears, 269 
of worm gears, infeed method, 273 
tangential method, 274 
Hobbing machine, accuracy require¬ 
ment of change-gear combina¬ 
tions, 275 

arrangement of gearing in, 266, 
268 


Hobbing machine, diagram of lay¬ 
out, 270^ 

Hobs, fine pitch, A.G.M.A. recom¬ 
mended practice for gear 
tooth parts, 275^-275^ 
Barber-Colman, 275-2750 
limit chart, 275c 

Hobs for helical and spur gears, 272 
for worm gears, 274 
for worm wheels, Brown & Sharpe, 
clearance, 73 
proportions, 74 
Hog-nose drill, 1281 
Holding work for cutting-off saws, 


473 

Holding work and wires for measur¬ 
ing worm threads, 74.,75 
Hole centers in jigs and dies, locat¬ 
ing, 1108-1200, 1208-1212 
Hole layouts, 1391 
Hole sizes for self-tapping screws, 

690-692 

Hole tolerances, 754 
British, 772, 773 
Holes, broaches for, 642-646 
in circles, table for, spacing, 845- 
848 


in die casting, minimum, 1076 
grinding limits for, 769 
laps for, 534 

side play of calipers in measuring, 
721 

for studs, dimensions, 693 
Hollow drills, 129-132 
Hollow millSj for Brown 8c Sharpe 
autoinatics, S 43 , 1311 
description and uses, 543 
dimensions of, 544 
speeds and feeds for, 562, 565 
Hollow shafts, production grinding 
of, 480, 481 
Hones, types of, 532 
Honing, coolants used, 531 
lubricants for various metals, 337. 


339 , 531 

process and uses, 531 
speeds for, 532 
stock removed in, 531 
Hoods, dust-exhaust, for grinding 
machines, 488 
Hook bolt, 1257 

“Hook” grind, for die chasers, 193 
Hook spanner wrench, 1326 
Hooks, ceiling, 70a 
Horizontal boring machine, 1259 
motors for, 991 
Homing press, 1305 
Horse-power, of belts, formula for 
determining, 999 
ratings, 970-973 
per inch of width, 971 

service correction factors, 973 
definition, 968 
for drilling brass, 998 

cast iron and steel, 135, 998 
in Ford plant. 344 
to drive machines, formula and 
constants, 998 
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Horse-power, gas engine, 968 
formula, 969 
for milling cutters, 379 
of motors, for bending and 
straightening rolls, 99s 
for bolt and nut machines, 994 
for buffing lathes, 993 
fo bulldozers, 994 
for cold cut-off saws, 994 
for cranes and hoists, 995 
for drilling machines, 994 . 998 
for gear cutters, 994 
for grinding machines, 993 
for grinding wheels, 993 
for hammers, 99 ^ 
for horizontal boring machines, 

991 

for lathes, 991 

for milling machines, 992, 993 
for pipe-threading machines, 
994 

for planers, 992 
for punches and shears, 995 
for slotters and keyseaters, 992 
for wheel presses, 995 
for wood working machines, 996 
for planing mill equipment, 996 
for planing cast iron, 989 
of nonmetallic gears, A.G.M.A 
formulas for, 296-298 
S.A.E. formula for motors, usual 
sizes, 969 

of shafting, formulas for, 978 
of Texrope drive, 974 
Hose-couplmg threads, standard, 

114-117 

gages for, 116 
for gas cylinders, 1350 
Hot bearings, cooling of, 999 
Hot dies, lubricants for, 630 
Hot flanging tools, clearance for, 609 
“ Hot ” saws for cutting hot iron and 
steel, 470 

speeds and practice, 1473 
Hot-dip process for tinning, 1060 
Hot-rolled and cold-rolled sheets, 
weight, 964 

Hot-rolled steel, tolerances, 966 
Hour-glass worms, 1425 
gearing, 275 

Hub-liners, rebuilding, 1185 
Hughes Acme tool-joint tread, no 
Hull rivet heads, U.S. Navy, 707 
Huntington grinding-wheel dresser, 
493 

Hydrant caps, threads, ns 
Hydrant nipples, screw threads for, 

115, 117 

thread gages for, 117 
Hydraulic systems on machine tools, 
1464 

Hydro press foxing, 618 
Hydrogen welding, 144S 
Hyper-milling, 1398 
tests, 393 

Hypoid dividing head, Kearney & 
Trecker, 455 

Hypoid gears, 231, 23a, 1286 


I 

Ice, weight of, 1106 
Imperial wire-gage sizes, 941 
Impressions in drop-forging dies, 
1085 

Inch and millimeter, relation be¬ 
tween, 727 

standard, equivalent in wave¬ 
lengths of cadmium light, 727 
Inches, fractions of, with equivalents 
in decimals of a foot, 1125 
with millimeter equivalents, 1109- 
1116 

Inconel, bend radii for, 640& 
composition of, 1080 
tools for, 347 
Index dies, 1276 
Index head (see Dividing head) 
Indexing, differential. Brown & 
Sharpe dividing head, 432- 
453 

on Cincinnati wide-range divid¬ 
ing head, 454-454^ 
on Kearney & Trecker astro¬ 
nomical dividing-head at¬ 
tachment, 455, 456 
hypoid dividing head, 455 
principle of, 432-433 
plain, 433 

India oilstones, 529 
Indicating gages, 733. 734 
Indicator, lathe test, 1292 
Induction heating, 1083 
Industrial diamonds for grinding- 
wheel dressers, 493-495 
Infeed on centerless grinder, si9 
Infeed method of bobbing worm 
gears, 273 

Injector couplings, locomotive, 
threads for, 1192 

Inscribed square, rule for finding 
side, 589 

Insert dies for drop forgings, 1095 
Insert punches, small, 604 
Inserted diamond tools, 365 
Inserted pilots, counterbores with, 

841 

Inserted-tooth face mills, 394 
Inserted-tooth metal saws, 469 
Inside micrometer for internal 
threads, 76 
Inspection, 1448 

of grinding wheels, 484 
of lathes. 1450 

of Woodruff keys . and key ways, 
906, 907 

Inspection gages, 735 

for truncated Whitworth form 
threads, 370-37«» 
snap and ring data, 370-375 
Inspection tolerances, worm and 
worm gear, 3o6a-3o6d 
Insurok, 1081 

Integral right-angled triangles, table, 

842 

Interchangeable assembly, 738 
classes of fits for, 739 - 74 *. 754 
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Interchangeable manufacture, 722— 

727 

diagram of tolerances and allow¬ 
ance, 725 

Newall system of gaging, use in, 
726 

standard fits applied to, 738-742 
standard practice, 722, 725-727 
Interchangeability, in screw-thread 

fits, 727 
strict, 722 

Interference, in involute gearing, 248 
Interference bands, in measuring 
with light weaves, 729 
Intermittent gears, 231, 1286 
Internal gears, 231, 1287, 1433 
broach for, 642 
Internal grinder, 479. S20 
Internal grinding, 520 

allowance of stock for, 521 
contact of wheel, 497 
importance of truing wheels, 521 
size of wheel for given hole, 522 
wheel speeds for, 498 
wheel width and diameter, 521 
Internal threads, measuring, 76 
International (metric) standard 
threads, 43, 58^-58/, 63 
International Standards Associa¬ 
tion, 7 SS 

International standards for fits 
(I.S.A. System of Fits), 755 
Interrupted thread, for tap, 172 
Involute gear tooth, definition, 230 
Involute gearing, interference in, 248 
20-degree stub system, 238 
Involute gear-tooth cutters. Brown 
& Sharpe, 254, 1267 
Involute splines, 9190 

bobbing process used for, 275 
lo-tootn series, 915-919 
Iridium, properties of, 1073 
Iron, cast {see Cast iron) 
pickling of, 1062 

spark method of determining 
grades, 1053-1054, 
wrought {see Wrought iron) 

Iron alloys, pickling, 1062 
Iron castings, shrinkage, 1074 
Iron plates, Birmingham or Stubs’ 
gage, weight per square foot, 
950 

Iron wire, American or B. & S. gage, 
weight per 1000 linear feet, 951 
Birmingham or Stubs* gage, 
weight per 1000 linear feet, 

stretch of, 625 
I,S.A. System of Fits, 7SS 


r metal. Stellite, 362-364 
[am nuts, finished and semifinished, 
676 

[amo taper, 795 
[eddite, 482 

[ewel-setting diameters, 192 
fig borer, coordinates for, 856 


Jig bushings, linear, 831 
press-fit wearing, 829 
renewable weanng, 830 
tolerances, 829-831 
types of, 828 

Jig knob, malleable-iron, 833 

Jigs, cam clamp for, 889 
welded, 226 

Job time allowances for setup on 
shaper, 345 

Jobbers’ or machine reamers, 155 

Joint, universal, 1293 

Joint bolt, 1256 

Joints, for arc welding, butt, 222 
corner, 223 
edge, 223 
lap, 223 
Tee, 222, 223 

brazing, heat-treatment of, 211 
tests of, 210 
pipe {see Pipe threads! 
soldered, strength of, 209 
soldering, composition of solder, 
208-210 

effect of pressure during, 208 

Journal bronze (Composition H), 
Navy Dept, specification for, 
1065 

Journals, locomotive, limit of wear, 
1187 


K 

K monel, 347, 349-350 
Kantlink washers, 706 
Kearney & Trecker carbide face 
mill on chrome-moly, 391-393 
dividing heads, astronomical at¬ 
tachment for indexing, 455 
high-speed milling, 390-393 
hypoid, 455 

special milling cutters, 390-391 
Kennedy key, 902 
Kerf, width of, 1446 
Kerosene, for honing, 531 

for machining aluminum, 335, 
336-339, 346, 353 ^ , 
for reaming babbitt and brass, 329 
Key drive, standard taper shanks 
for, 794 

Key-slot cutters. Woodruff, 899, 904 
Key slots. Woodruff, 899, 903 
Keys, Kennedy, 902 

for milling cutters and arbors, 390 
Nordberg, 909 
parallel stock, 891. 892 
round-end, Pratt & Whitney, 894 
and shafting, American standard, 

890-897 

square and flat, for shafting, 890- 
892 

square and flat taper, 89s 
gib head, 896 

Woodruff standard, 899-902 
selection and inspection of, 906- 
908 

Key way depth, finding total, table 
for, 893 
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Keyway stresses, nonmetallic gears, 
295 

Keyways, for holes in gears, 
A.G.M.A. standard, 898 
for milling cutters and arbors, 390 
Kirksite, 1330 

Knives, grinding wheels for, sio 
wheel speeds for grinding, 498 
Knots and slings, 1097-1102 
illustrations, 1099, iioi 
Knurling tools, for automatics, 
5826-582/, 1311 

Kollsman Instrument Co., tap-drill 
sizes of machine-screw heads, 
666 ^ 

L 

Lacing belts, various methods of, 
975 . 976 
Lag screws, 701 
Lamicoid, 1081 

Laminated phenolic spur gears, 
formulas for horse-power, 296- 
298 

Laminated plastics, tapping, 1082 
Lamp-base threads, 1351 
Lamp socket base, 1351 
Land, definition, 172, 1293 
Land clearance of reamer, 160, 
166-168 

Landis recommendations for dia¬ 
mond sizes for wheel truing, 

494 

Landis threading speeds, for differ¬ 
ent materials, 194-195 
Lap surface, tools for preparing, 537 
Lap welds, examples of, 223, 225 
Lapping, 532-541 

abrasive flours for, 538 
allowance for flat work, 534 
for ring gages, 535 
bushings, 534 

combinations of abrasives and oils, 
.539 

cutting rate, 539 
definition, 532 
of flat surfaces, 532-534 
of gear teeth, 292 
hand,532 
of hole?, 535 
machine, S39 
of plug gages, 536 
preparing parts for, 340 
of nng gages, 535, 536 
tests of, 53,9 

Lapping lubricants, 533, 539 . 549 
Lapping machines, for cylindrical 
and flat work, 540 
types of, 539 
vertical, 540 

Lapping plate for flat work, 533 
Laps, adjustable, 534. 536 
classes of, 533 
comparative life of, 539 
diamond, charging of, 538 
copper for, 538 
settling powder for, 537 
fastest cutting, 539 


Lard oil as drilling lubricant, 145 
Lark’s head knot, 1089, 1099 
Lathe, cutting diametial pitch 
worms in, 85-89 

cutting speeds and feeds, 333-334 
engine, 1293, 1294 
names of parts, 1296 
faceplate for multiple-thread rut¬ 
ting on, 84 

geared for screw cutting, 77-81 
geared “even,” definition, 77 
simple and compound gear 
trains, 80 

“translating” gears, 79. 81 
inspection, 1450 

tool posts, names of kinds and 
parts, 884-886 
Lathe apron, 1295 

names of parts, 1295, 1296 
Lathe dogs, 1279 

Lathe tools, for high-nickel alloys, 
348 

oilstones for, 529, 530 
shanks, 321, 322 

single-point, 322-323, 1321-1322 
symbols for, identification, 325 
tests of, 328 
tool angles, 324 
working angles, 322 
Lathe work, allowances left for 
grinding, 516 
Lathes, motors for, 991 
types, 1293-1297 
Laying out, angles, 1193-1208 
angle constants, 1193-1198 
formulas for, 1201-1207 
hole circles, 1391 
right angles, 1196-1208 
tool for, 814. 815 
bending dies, 596 
blanks for square bends, 632 
cams, for milling, 405/ 

for screw machine, 579—581 
cutters for bevel gears, 262-264 
gears, bevel, 259-262, 264-265 
45-degrce helical, 277 
spur, 244 

regular polygons, 1212, 1213 
right-angled triangles, 842, 1212 
square corners, 934 
Layout of hobbing-machine gear 
arrangement, 270 
Lead, antimonial, 1083 
for lapping, 1083 
properties of, 1073 
strength of, 625 
uses of, 1082 

weight per cubic inch and cubic 
foot, 1073 

Lead-base alloys for die casting, 
composition and properties, 
1075 

Lead baths for drawing carbon 
tools, 1027 

Lead burning or welding, 227, 228, 
1083 

Lead castings, shrinkage, 1074 
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Lead of screw thread, on Brown & 
Sharpe cutter helices, 399 
definition, 2, 172 

effect of errors on thread diameter 
tolerance, 23 

gears for diametral pitch worms, 

86-89 

helical-gear table, 284-285 
tolerances, for taps, 177. 179 
Lead washers, for various purposes, 
1083 

Lead wire for testing bearings, 1083 
Leaded brasses, composition and 
uses, 1070 

Leaded low brass, composition and 
uses, 1064 

Leader pins and bushings for stand¬ 
ard die sets, 612-614 
Leaf springs, 1316 

heat-treatment for, 1037 
Leather, strength of, 625 
Leather belts, horse-power ratings, 

970-973 

thickness specifications, 973 
Leather polishing wheels, 525 
Length, of arc, in welding, 220, 221 
or capscrews, 655 
of dnll points, 153 
of fillet welds to replace rivets, 224 
of rivets for different thicknesses 
of metal, 708 

of wood screws, how measured, 

695 

Lengths, of circular arcs, 854 

requiring snap gages to measure, 
766 

Letter-size drills, diameters and 
areas, 138-139 
speeds, 133 

Level, quartering, 1297 
Leveling machine beds, 990 
Levers, classification of, 1297 
two-ball, 83s 

Light-wave measuring equipment, 
728 

Light-wave micrometer, 732 
Light waves, checking gage blocks 
with, 730 

interference bands in testing with, 
728, 729 

measuring with, 727-732 
uses in measuring, 73 x 
Ligne, unit of measurement, 192 
Limit gages, American standard, 

A.Lm.E. specifications for, 755- 
760 

sizes for lathe work to be ground, 

stanefard temperature for, 733 
tolerances, ^2, 761-767 
^ iSee also Ga^es) 

Limiting dimensions, of fire hose 
couplings and hydrants, 115- 

117 

Limiting dimensions and tolerances, 
American National screw 
threads {seji Pits of screw 
threads) 


Limiting dimensions and tolerances, 
hand taps, 178, 179 
machine screw taps, 180, 181 
mud taps, 185 
pipe taps, 182-184 
tapper tap shanks, 186 
Limits, for crest and root, Amer¬ 
ican standard pipe threads, 99 
definition, 3, 735 

for die casting with aluminum- 
base alloys, 1075-1076 
for grinding cylindrical pieces, 

767-769 

in interchangeable manufacture, 
722-727 

for screw machine work, S 77 
on standard die-cutting parts, 

611-61S 

of wear, locomotive parts, 1187 
Limits and tolerances, American 
National Acme thread series, 50 
American National screw threads. 


I, 6 - 35 / 

British Association screw threads. 


British Standard Whitworth, bolt 
and nut threads, 38, 39 . 39 ®. 
39c-3gh 

pipe threads, 39/ 
screw threads, 37, 39 ^>. 39 i, 39h 
for metal fits {see Allowances and 
tolerances, metal fits) 
war emergency, on bolts and nuts, 
410-416 

{See also Allowances; Toler¬ 
ances) 

Lincoln Zephyr engine, fits and 
tolerances for, ii6s 
Linear change in metals for specified 
temperature changes, 783 
Linear measure, table, 1104 
Linear pitch of worm threads, 298 
Linear units, comparison of English 
and Metric, 11 17 
Liner bushings, standard, 831 
Lines used on drawings, names, 857 
Line-shaft speed, 977 
Link-Belt silent-chain drive data, 


307-308 

Linoleum covering for work benches, 
201 

Lionite, 482 

Liquid, use on oilstones, 530 
Liquid measure, table, 1105 
Liquids, for heating steel in, 1004 
Load factor, with motor-driven 
tools, 997 

Loads, for eye bolts, ropes and 
chains, 1102 

thrust, on twist drills, 135 
Locating blanks on strip stock, 628 
Locating hole centers in tool-room 
work, 1198-1200 

Lock-nut thread, American Stand¬ 
ard, 102 

Locomotive axles, A.A.R. Standard, 

1189-1191 

fits for, 11 8S 

lubricant for mounting, ii77. ii78 
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Locomotive axels, measuring bores 
for, 1176 

press fit practices, 1177-1180 
rolling and grinding:, 1178 
Locomotive connecting rods, ma¬ 
chining, 1182 

Locomotive crankpins, pressures for 
mounting, ii79. 1181 
speed chart for turning, 1172 
Locomotive crown-brass practice, 
1182-1184 

table of relief and dimensions, 
1183, 1184 

Locomotive driver hub-liners, re¬ 
building, 1185 

Locomotive driving^ox wedges and 
fianges, 1182 

Locomotive fits, determined by 
pressure method, 1177-1180 
in repair work, 1185 
standard allowances for, 1186 
taper, standard, 1181 
for tires, driving-wheel, 1174 
trailer and truck, 1175 
Locomotive frames, welding, 228 
by thermit, 229 

Locomotive injector couplings, 
threads for, 1192 

Locomotive links, grinding wheels 
for, SIX 

Locomotive parts, limits of wear, 
1187 

wear allowances, tolerances, and 
fits, 1182-1x87 

Locomotive pins, pressures for 
mounting, XX79 

Locomotive piston rods, grinding 
wheels for, sxx 

pressure for forcing into piston 
heads, XX77 
taper, xx8x, xxpx 

Locomotive tires, boring and turn¬ 
ing, XX67-IX73 
minimum thickness, XX73 
roughing and finishing tools for, 
XX68-XX70 

shrinkage, 1174 
wear allowance, XX70 
Locomotive wheel centers, shim¬ 
ming, 1x68, 1169 

Locomotive wheels, measuring tape 
for, XI76 

Locomotives, A.A.R. Standard, al¬ 
lowances for different fits, xx86 
bronze bearings for, xx88 
fits used, XX8s 

standard classification of, 1166 
Loewenherz form screw threads, 
formulas for measurement, 58, 

S8c 

Loewenherz-German watch-screw 
threads, 43, 58, 58c, s8/ 

Logue, C. H., recommendations for 
helical-gear calculations, 279 
Loom or carriage bolt, 1256 
Loose buffs, 525 
Loose fit, metal, 736 # 738, 739 
Low brass, composition and proper¬ 
ties, 1071 


Low-cost dies, 1440 
Low-melting alloys, 1070 
Lubricants, for aluminum alloys, 
X26, X 93 , 353 , 531, 1078 
for broaching, 642 
for burnishing, 527 
for core barrel bits, X378 
for cutting, X26, 329 

application chart, for various 
materials, 336-339 
for dies, 629 

for drawing steel shells, 629 
for drawing various materials, 
629-630 

for drilling, X29, 14X, 14s, 336- 
339,.347 

for gnnding, of aluminum and its 
alloys, 495 

application chart for various 
materials, 336-339 
for honing various materials, 337~ 
339 , 531 

for hot dies, 630 
for lapping, 539, 540 

application chart for various 
materials, 336-339 
for machining aluminum and its 
alloys, 353 
for metal saws, 466 
on milling cutters, 1412. 
for mounting locomotive axles, 

1177, 1178 

for press fits, X178 
for press tools, 629-630 
for reaming, 160 
for spinning monel, 352, 1081 
for threading, 193, 33 S- 3?7 
for turning and machining Du¬ 
ralumin, 1079 
Lucite, X333 

Lumber for patterns, estimating, 932 
Lye, use in soldering, 208 
Lynite, diamond tools for, 366 
lubricants for honing, 531 
reamers for, x6s 

M 

Maag gear-cutting method, 232 
Machine beds, leveling, 990 
Machine bolts, areas, 647 
British Standard, 711-717 
hexagon-head, tables, 670-671 
square-head, table, 670 
various, 1256 

Machine forging, drop forging, xo8s- 
1096 

hammers, 1084, 1088. 
heats, X096 
swaging, xo88 
tolerances, X09X-109S 
Machine hand wheels, 832 
Machine handles, 834 
ball crank, 833 
ball end, 833 
ball lever, 83 s 
revolving, 83 s 
Machine knobs, 833 
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Machine lapping, 539 
lubricants for, S40 
Machine reamer action, 162, 163 
Machine reamers, 15S 
Machine-screw heads, tap-drill sizes 
and dimensions, 666 
Machine-screw nuts, 678 . . 
Machine-screw taps, definition, 171 
American National form, com¬ 
mercial ground thread, 181 
cut thread, 180 
tolerances, 181 

Machine-screw threads, standard 
(see Screw threads) 
Machine-steel forgings, feeds for 
machining, 341 
Machine-tool steels, 1050 
Machine screws, American Phillips 
dimensions, binding head, 
662 

fillister head, 660 
flat head, 657 
oval head, 6 S 9 
round head, 658 
screw points, 657 
truss head, 661 
washer head, 663 
American Screw Co., standard 
threads per inch, 681 
A.S.A. standard dimensions, fillis¬ 
ter head, 653 
flat head, 649 
oval head, 651 
round head, 650 
truss head, 652 

Kollsman Instrument Co., 666, 
667 

slotted head, standard, 648 
tolerances, 6, 7-24 
Machine steel, speeds for threading. 
National coarse threads, 194, 
568 

National fine threads, 195, 570 
Machine tools, horse-power to drive, 

990-999 

motors for, 984-1001 
T-slot milling cutters for, 878 
T slots for, 877 
Machine wrenches, 1325-1327 
Machining, of aluminum, 340, 353 
of automobile engine pistons, ii6i 
of brass, 340, 342 
of bronzes, manganese and phos¬ 
phor, 340, 342 

estimating time for, 340“346 
of fiber, 361 
of Formica, 356, 357 
of hard rubber, 359-361 
of Micarta, 357 , 3S8 
of nonferrous metals, 347-355 
of nonmetallic materials, carbide 
tools for, 356 
of steel alloys, 340, 342 
of steel forgings, 340, 341 
of Textolite, 358 
Machinists’ files, 198, 1477 
Magnaflux method of detecting 
cracks, 1055 


Magnesium, 1330 
in light-weight jigs and fixtures, 
226 

milling, 386, 387 
properties of, 1073 
shrinkage of castings, 1074 
speed for drilling, 126 
weight per cubic inch and cubic 
foot, 1073 

Magnesium alloy (Dow metal), 
reamers for, 165 
speed for reaming, 169 
Magnesium sheet, for aircraft, cut by 
various methods, 640/—6405, 
formed by various methods, 640H- 
640X 

{See also Aircraft sheet-metal 
cutting methods and forming 
methods) 

Magnetic chucks, 517 
permanent magnet, 518 
Magnetic dies, 1440 
Magnetic superhardening of steel, 
Herbert method, 1033 
Mahogany, weight of, 1106 
Major diarneter of screw thread, 2 
Malleable iron, lubricants for drill¬ 
ing, 126 

reamers for, 165 
speed for drilling, 126, 134 
for machining, 340, 341 
for reaming, 169 
for threading (Landis), National 
coarse threads, 194 
National fine threads, 195 
Malleablizing, 1004 
Mandrel bends for tubing, 632, 636 
Mandrels, 1298 

Manganese, effect in steel, 10ii 
1030 

weight per cubic inch and cubic 

foot, 1073 

Manganese bronze, composition, 
and uses, 1066, 1067 
speeds for machining, 340 
Manganese drills, 129, 132 
Manganese steels (S.A.E.), summary 
of, and uses, 1045 

Mannheim gold, composition of, 
1072 

Maple, dry, weight of, 1106 
for work benches, 200 
Manufacture, interchangeable, 722 
Manufacturing tolerances, 967 
necessity for, 726 
Marble, weight of, 1106 
Marking on steel, pencil for, 1061 
Markings, grade, on grinding wheels, 
483-486, 1421 
various systems, 485 
on ground-thread taps, 173 
Masonite forming blocks, 1329-1339 
Master gage for pipe threads, 
tolerances, 91 
Master plate, 1304 
Master tool for making forming 
tools, 549-5SI 
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Material, to be ground, influence on 
selection of wheel, 496, 500 
hardness and milling speeds, 
386-388 

to be removed, effect on selection 
of grit size, 497. soo 
for screw-machine work, estimat¬ 
ing, 1350 

Materials, 1329-1339 

alloys, aluminum alloys, niag- 
nesium alloys, corrosion- 
resistant steel, cut in air¬ 
craft work by following 
methods: 

Hydro-press sj^earing, 640m 
profiling, 640c 
punch-press shearing, 640^ 
rotary shearing, 640^ 
routing, 640^ 
sawing, 640/ 
straight shearing, 6401 
formed in aircraft work by 
following methods: 
corrugating and forming rolls, 
6405 

deep draw press, 640t> 
draw bench, 6405 
drop hammer, 640/ 
flanging machine, 640a 
Hydro-press, 6400 
power brake, 640JC 
punch press, t^ow 
shrinking machine, 640m 
spinning lathe, 64on 
stretcher press, 64or 
various, grinding wheels for, 505- 
S16 

Maximum looseness and tightness in 
system of tolerances, 726 
Maximum sprocket speeds and chain 
velocities, 314-316 
Maximum-pressure method of deter¬ 
mining fits, 1177 

Measurements, button and fastener, 
192 

for jewel setting, 19a 
of racks, 320 
watchmakers’, 192 
Measuring, of dovetails, 809, 813 
enlarged pinions with wires, 
2S2a-2S2C 

helical gears with wires, fixture 
for holding, 281a 

included angle of threads, table of 
value of (cosecant a + 1) , S9 
screw threads with wires, 
standard practice, sSa-sSb 
short addendum gears with wires, 
2S2C-2S2d 

wire specifications, for screw 
threads, s8a-s86 
Measuring and fitting, 718-784 
of gear teeth, 256 
with light waves, checking gage 
blocks, 730 
equipment for, ^2^ 
monochromatic light for, 728 
optical flat, 727-732 


Measuring and fitting, of screw 
threads (see Screw threads) 
of spline diameter, 922 
of spur gears, 255 
of tapers, 785-789 
of thread tools, 52 
of three-fluted tools, 720, 721 
of worm threads, 74 
Measuring tape, for locomotive 
wheels, 1176 

Measuring tools, 718-722 
Medium fit, for screw threads, 6, 
7-20 

Medium fits, metals, 736, 738, 74i 
Medium force fits, metals, 736, 738, 
746-749 

Meehanite, 1331 
milling cutter bodies, 376 
Melting points of fusible alloys, 
208-210 

of solder metal (A.S.T.M ), 209 
of various metals, 1073 
of various substances, 1025 
Mercury, properties of, 1073 
weight of, 1106 

weight per cubic inch and cubic 
foot, 1073 

Metal, amount removed in broach¬ 
ing, 645 

at various cuts, chart of, 372 
power required to remove, 997 
Metal contraction, with liquid air 
and CO2, 783 

Metal fits, four common, 726 
standard, 736-755 
(6>e also Fits) 

Metal-cutting discs, speed of, 470 
Metal-cutting saws, 1466 
band, 211, 463, 470-472 
gage and width, 471 
hack, 461-463, 470, 473 
inserted-tooth, 469 
lubricants for, 466, 472 
“set" of teeth, 470 
specifications for various metals, 
472 

speeds, 460, 466 
teeth, 456, 459-461 
Metal stamping, square, 1441 
Metallic arc welding, 218 
Metallizing or metal spraying, 227 
Metals, hardness numerals, com¬ 
parison by, 1057-1059 
hardness tests of, Brinell, 1054 
cloudburst, 1054 
file, loss 
Rockwell, 1017 
scleroscope, 1017 
spark method, 1053, io^a 
V ickers diamond pyramid, lOSS 
linear change with temperature 
changes, 783 

melting points and chemical 
symbols, 1073 

nonferrous, machining of, 126, 
335. 342-343. 347-362, 1077- 
1083 

properties of, 1073 
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Metals, strength of, 625, 626 
that can be welded, combinations 

of, 229 

used in die casting, aluminum 
base, 107 S 
lead base, 107s 
tin base, 1075 
zinc base, 1074 

various, weight per cubic inch 
and cubic foot, 1073 
Metcalf dresser for grinding wheels, 

493 

Metric compound units, equivalents, 
1112 

Metric drills, diameters and areas, 

137-139 

Metric pipe threads, 114 

Metric pitch, dimensions of gears by, 

25s 

Metric screw threads, 43, S8^, 58/, 63 
cutting, 79, 81 
measuring, 63, 65, 67 
Metric system, 1107 
conversion tables, 1108 
Mica, saws for, 472 
weight of, 1106 
Micarta, 1081 
machining, 357 
Micro-inch, definition, 727 
Micrometer, description of, 719 
graduations, 720 
how to read, 719-721 
light wave, 732 

for measuring internal threads, 76 
measuring three-fluted tools with. 


720 

ten-tnousandth, 720 
use in wire measurement of 
threads, 60, 61, 62, 70 
Micrometer caliper, 1261 
screw-thread, 55 
Micron, definition, 727 
Mild steel, rolled, properties of, 220 
Millimeter, relation to inch, 727 
Millimeter measurements for film- 
projector sprockets, 317-319 
Millimeters, equivalents in decimals 
of inches, mo, 1114 
equivalents of inches in, 1009 
equivalents of inches and fractions 
in, nil, ms, 1116 
fractions of, equivalents in inches, 


1113, 1114 

Milling, armor plate, 1400 
of Bakelite, 1082 
calculating feed, 376 
of cams on dividing head, ^osf-^26 

g ears for, table, 415-426 
eart-shaped, 405/ 
setting-angles for, table, 407- 


of cast iron, with Stellite, 396, 
chip formation and deformation, 
379, 380, 383 
chip thickness, 383 
“climb,” 375-376 
cutter angles, tor cast iron, 389 
for light alloys, 390 
for malleable iron, 390 


Milling, cutter angles, for steel, 388, 

.391-393 

direction of feed, climb or “down,” 
37S-3P3 

conventional or “up,” 375-393 
feed selection, rules for, 385 
feeding against the cut, 37s. 376 
finish of work, 376 
of helices, table for setting, 4056- 
40Se 

high speed, examples, 375-378, 
384-388, 389-392 
requirements, 376 
Hyper milling tests, 392 
of magnesium, 386-387, 397 
metal-removal factors, 389 
of Micarta, 358 

points in use of carbide cutters, 
38s. 386 

power required for, 377-379 
speed selection, rules, 38s. 386 
speeds for carbide cutters, 37s, 
377, 378, 384, 385. 387-392 
speeds for different materials, 375, 
379. 384. 387. 391 
speeds and feeds, 375, 377, 384- 
38s. 388-390, 392 
speeds and material hardness, 386 
time, estimating, 493 
of various materials, Brinell hard¬ 
ness compared with tensile 
strength, 386 

Milling cutters, for aluminum, 355 
approach of, table, 403 
bodies of Meehanite, 376 
carbide, 376-379, 383-388, 393 
on alurninum, 379, 386 
on cast iron and malleable, 386- 
390 

on chrome-molybdenum steel, 

391-393 

grinding, 478-4786 
grinding and honing, 5286 
speeds for various materials, 397 
on steel, 376, 378, 379, 385-387, 
389, 393 

on various materials, 385-393 
carbide tipped, 376 
for chain sprockets, 313, 402 
chatter in, 379 

clearance angles for milling vari¬ 
ous materials, 476 
coarse tooth, 377-379 

and fine tooth, comparison of, 
377-379 
tests, 379 

combining negative and positive 
rakes, 390, 391 

concave and convex, 401, 1265 
coolants for, 1412 
corner-rounding, 401 
cutting life of, 379 
dimensions of, 396-401 
direction of feed, 393 
double-angle, 398, 1265 
end mills, 394, 399, 1265 
grinding, 475 

face, 380, 383, 394, 400, 1266 
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Milling cutters, face, high-speed 
steel for general use, 378, 379 
feeds, 377, 378, 38s 
fishtail end mill, 1266 
for fluting taps and reamers, 386, 
1266 

fly cutters and, 4 to 6 teeth, 376 
form, 40Sa 

for gear teeth. Brown & Sharpe 
involute, 254, 1267 
ending of, 474“478a 
half side, 39S, 397, 1268 
helical, 394, 477 
grinding, 474 
helix angle, effect of, 380 
helix angles, 393 ^ 
high speed for general use, 377 
Kearney & Trecker special type, 
390, 391 

keys and keyways for, 404 
kinds of, 391-402, I26S”I269 
negative rake, 277, 379-381, 383, 
390, 393 

number of teeth, 388, 389 
plain, 397 
profile, 405a 

rake angles, alignment chart, 381, 
382 

rake and helix angles, 377, 378, 

380-383 

rake of face mill teeth, 380 
requirements for high speeds, 376 
saws, 396, 398, 1269 
screw-slotting, 464, 1268 
shell end, 400, 1268 
grinding, 474 
side. 39S, 397 
single-angle, 398 
speed chart, 1404 
speeds and feeds, 377-379, 384- 
389, 1397 

staggered-tooth, grinding, 475, 

478 

stagjfered-tooth side, 39S, 398 
Stellite, speeds, 405 
straddle, 397, 1268 
straight-sided, for worm threads, 
298 

straight-tooth, grinding, 474 
T-slot, 399, 878, 1269 
tooth nomenclature, 377^1-378 
tooth terms suggested by A.S.- 

M.E., 377, 378 
varying chip thickness, 383 
Woodruff key-slot, 899, 904 
Milling lubricants, for aluminum, 
brass and copper, 336-339, 
353 

for monel metal, 337-339, 347 
for steel, 337-339 

Milling machines, arbors, 875, 876, 
884 

Cincinnati wide-range divider, 
4S4-4S4« 

cutter changes, due to war, 375 
cutting of racks on, 457 
cutting of helices on, 399-402, 
4056-405^ 


Milling machines, dividing head, 
different indexing, table for, 

436-453 „ 

on Brown & Sharpe, 432-453 
on Cincinnati, 454-454^ 
on Kearney & Trecker, 455 
on principles of, 433 
gearing for cutting worm and 
helical gears on, table, 427- 
431 

spindle-nose, standard, 874 
spindles, adapter for, 876 
spindles with fly wheels, 376 
spindles and arbors, standard, 876, 
884 

universal, 1299 
vertical, 1300 
Mills (see Milling cutters) 

Miter gears, dimensions, table for, 
259-260 

proportions, calculations for, 261 
Module, pitch in millimeters, 245, 

255 

Module gears, 1287 
Molybdenum, effect in steel, ion, 
1030 

properties of, 1073 
weight per cubic inch and cubic 
foot, 1073 

Molybdenum steels, ion, 1045 
Monel, composition of, 347 
drawing, 352, 630, 1081 
grinding wheels for, 511 
lathe and planer tools for, 348-351 
lubricants, for drawing, 630 

for general machining, 336-339 
machining, ^47-350, 1081 
with carbide tools, 369 
speeds and feeds, 349 
pickling, 351, 1081 
properties of, 1080 
punching, 352, 630, 1081 
reamers for, 349 
shrinkage, 351 
soldering and brazing, 352 
speeds for drilling, 126 
for millii^, 387. 392 
for reaming, 169 
for threading, 194-195. 349. 

568-571 

for turning, 347, 351 
spinning, 352, 1081 
strength of, 625 
tapping, 350 
welding, 352, 1081 
Monochromatic light for measuring 
with light waves, 728 
Monotron hardness test, 105s 
Morse chain drive, 309, 310 
Morse taper reamers, 1:55 ^ 

Morse taper-shank end mills, 385 
Morse tapers, 797. 800 
Motors, for bending and straighten¬ 
ing rolls, 995 

for bolt and nut machines, 994 
for boring and turning mills, 991 
for buffing lathes, 993 
for bulldozers, 994 
for cold cut-off saws, 994 
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Motors, compound-wound, 986 
for cranes and hoists, 99s 
for drilling machines, 994 
for gear cutters, 994 
for grinding machines, 993 
for grinding wheels, 993 
for hammers, 995 
high-cycle, 999 
high-reactance, 984 
high resistance-rotor, 984 
for horizontal boring machines, 

991 

individual vs. group drives, 990 
for lathes, 991 

for machine tools, alternating 
current, 984 
direct current, 985-987 
selecting, by character of work, 

987, 991-996 

selecting for specific machines, 
table, 1000 
types and sizes, 988 
for milling machines, 992, 993 
for pipe-threading machines, 994 
for planers, 992 
for punches and shears, 99s 
series-wound, 986 
for shapers, 992 
shunt-wound, 985 
for slotters and keyseaters, 992 
squirrel-cage, 984 
variable and multi-speed, 987 
for wheel presses, 99s 
for wood-working machines, 996 
wound-rotor, 985 

Mounting of face-milling cutters, 
1401-1411 

of grinding wheels, 484, 491 
Mountings, fits and tolerances of. 
Bower roller bearings, 838, 842 
New Departure bearings, 835-837 
Moving-picture projector sprockets, 

31S. 317-319 
Mud laps, 171, i8s 
Muffle furnace, 1284 
Multibelt (Texrope) drive, 974 
Multiple-spindle drill heads, 
adapters for, 925-928 
chordal dimensions for, table, 855 
speeds and feeds on, 142 
Multiple-thread cutting, face plate 
for, 84 

table for, 82-83 

Multiple-thread taps and dies, 174 
Multipliers, convenient, 1120 
Muntz metal, composition and uses, 
1064, 1066, 1069, 1071, 1072 
Muriatic acid, for pickling, 1062 
for soldering, 207 

Mushroom-head screw, British, 689 
Music-wire sizes, 945 

N 

Names, of drill parts, 119-121 
of machine parts, boring machine, 

, I2S9 

bonng mill, 1258 


Names, of machine parts, drilling- 
machine, radial, 1281 
upright, 1282 
grinder, centerless, 1289 
universal, 1290 
lathe, engine, 1294, 1296 
lathe apron, 1295, 1296 
milling-machine, universal, 1299 
vertical, 1300 
planer, 1303 
punch press, 1306-1307 
shaper, 13 IS 

milling cutter tooth parts, 377, 378 
reamer parts, IS7-IS9 
screw-thread forms, 40-47, 51 
Narrow-g^e washers, 70s 
National Emergency (N.E.) steels, 
.1333-1336 

National Fine (S.A.E.) Standard 
screws, bolts and nuts, 681-682 
National -form hand taps, commer¬ 
cial ground thread, 178 
cut thread, 178 
precision-ground thread, 179 
machine-screw taps, commercial- 
ground thread, 181 
cut thread, 180 

screw thread, formulas for meas¬ 
urement, 5^, 59 

National Screw Thread Commis¬ 
sion's gage tolerances, 756 
Natural, or city, gas for welding, 212 
Natural oilstones, “Arkansas,” 
“ Washita,” 529 

Naval brass (Tobin bronze), com¬ 
position, 1063, 1070 
properties, 1071 

threading speeds, 194-195, 568- 

571 

uses, 1067 

Navy standard (,see U.S. Navy 
standard) 

Negative allowance, classes of fits, 
738, 743-750 

Negative grind for die-chaser face, 

193 

Negative rake, 1397-1400 
of reamer teeth, 164 
Negative rake carbide cutters, 
diamond hones for, 5286 
grinding, 5286 

Negative rake milling cutters, 37s, 
378, 381, 385-390 
advantages of, 377, 378, 388-392 
for carbide types, 379, 39 i, 392 
cutter angles tor steel, 388-391 
general information, 375-381, 388, 

Negative and zero rake turning tools, 
376a, 3766 

Nesting work on press dies, 628 
Neutral atmosphere, furnace, 1022 
Neutral flame, definition, 212 
Neutral space, in system of toler¬ 
ances, 725 

Neutral zone, definition, 735 
New Britain automatic screw ma¬ 
chine, capacity of, s82g 
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New Departure bearing mountings, 
tolerances and fits, 835-837 
Newall system of paging, 726 
Nichrome, properties of, 352 
welding, 352 

Nickel, effect in steel, 1011, 1030 
lubricants for drawing, 630 
properties of, 1073 
strength of, 626 
time of heating for forging, 1022 
weight per cubic inch and cubic 
foot, 1073 

Nickel alloys, high, lubricants for 
machining, 347 
tools for, 347 

Nickel-chromium steels, S.A.E., 

1045 

Nickel silvers, composition, proper¬ 
ties, and uses, 1070, 1071 
Nickel steels, speeds for threading, 
I94-I9S. 568-571 

S.A.E., summary and uses, 1045 
Nipples, hydrant, thread gages for, 

117 

Niter-bluing of steel, 1060 
Nitralloy, grinding wheels for, 511 
hardening, 1042 
reamers for, 165 
Nitro copper, strength of, 625 
Nitriding of steel, 1042 
Nomenclature, milling cutter teeth, 
377, 378 

Nominal size, definition of, 7^7 
Nonmetallic gears, composition of, 

294 

machining, 294 

Nonmetallic gears and pinions, 
A.G.M.A. formulas for horse¬ 
power of, 296-298 
bore sizes, 294 

keyway stress, formulas, 295-296 
preferred pitch, 

Nonmetallic materials, machining, 
fiber, 361 
Formica, 356 
hard rubber, 359 
Micarta, 357 
Textolite, 358 

Nonmetallic substances, weight of, 
iios, 1106 
Nordberg key, 909 
Normalizing, definition of, 1004 
Norton abrasive grain sizes, 483 
Norton diamond grinding wheels, 

523 

Norton grain spacing, or wheel 
structure, 484 

Norton grinding-wheel recommenda¬ 
tions, 505-516 
Norton India oilstones, 529 
Norton recommendations for dia- 
moird sizes for wheel truing, 494 
Norton wheel-grade markings, 485 
Number-size drills, cutting speeds, 
130,131 

diameters and areas, 137-139 
Numerals, hardness, conversion ta¬ 
ble, 1058-1059 


Nut tap, definition, 171 
Nut thread fits, American coarse- 
thread series, ii, 13, IS, 24 
American extra-fine thread series, 
26 

American fine thread series, 17, 
19. 24 

Nuts, allowances and tolerances, 
6, 11-24 

British Standard, castle, 713, 716 
hexagon, 712-716 
lock, 713, 716 
slotted, 713, 716 
types, 711 

British Standard Whitworth, sizes 
and tolerances, 39-39/ 
carriage bolt, 1256 
clearance, 4 

for wrenches, 840 
conformity to practical standards, 

647 

coupling, for U.S. Navy punches, 
620 

jam, 674-676 
light, castle (S.A.E.), 680 
width of slot, 680 
lock, American standard, 102 
machine bolt, 1256 
machine screw, 677 
National Fine (S.A.E.) Standard, 
681 

dimensions, 682 
square and hexagon, 669-677 
stove-bolt, 677, 1257 
T, standard, 879 

for taper fittings, S.A.E., 923, 924 
track bolt, 1257 
wrench head, standards for, 669 
wrench openings for, 678 

O 

Oak, weight of, 1106 
Octagon, properties of, 1218 
table for laying out, 1212 
Octagon bars, steel, weight per foot, 
954 

Oil, for setting studs in aluminum, 

693 

in settling abrasive flours, 538 
in settling diamond powder, 537 
Oil and abrasive lapping combina¬ 
tions, 539 

Oil baths, for quenching steel, 1022 
Oil tool-joint thread, Hughes Acme, 
no 

Oil-hole drills, 129. 132 

Oils, soluble, for cutting aluminum, 

353 

as grinding coolants, 495 
Oilstones, alundum, 529 
Arkansas, 529 
artificial, 529 
care of, 530-531 
crystolon, 529 
India, 529 
natural, 529 
shapes, 529-530 
use of oil or water in, 530 
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Oilstones, uses, 529-531 
Washita, 529 

Oil-well casing, A.P.I. standard, 
103-107 
tolerances, no 

Oil-well drill pipes, 103, 108-110 
Open washer, 1325 
Open-eye eye bolts, 702 
Open-side tool post, 885 
Openings, open-end wrench, 678 
Optical flat, 727-728 
checking gage blocks with, 730 
measuring gages with, 731 
use of, 728-732 

Optical method of measuring 
threads, 69 

Ordnance construction, worm gear 
tolerances for, 293 
Oval T-head bolt, 1256 
Oval-head machine screws, Amer¬ 
ican Phillips, 659 

Oval-head screws, head dimensions, 
648, 651 

Oval-head wood screws, 698 
Oversize broaches for round holes, 

643 

Oversize holes, rock of pin gage for, 
722, 12Z 

side play of calipers in boring, 721 
Oversize pistons and rings, 1162 
Oxaluma, 482 

Oxidizing atmosphere, furnace, 1022 
Oxyacetylene blowpipe, for hand 
cutting and welding, 214, 215 
in lead burning, 227 
Oxyacetylene cutting, by hand, 212, 
214 

by machine, 213 

neutral flame, definition, 212 
speed and gas consumption, 213, 

214 

Oxyacetylene welding, advantages 
of, 212 

blowpipe chart for, 215 
hose .colors for, 212 
natural or city gas, use in, 212 
preheating for, 212 
speed of, 215 
welding, rods for, 212 
Oxyacetjdene welding and brazing, 
flux characteristics, aluminum 
rod, 2isa 
bronTC rod, 215a 
cast-iron rod, 216 
silver “soldering” alloy, 216 
stainless steel rod, 216 
fluxes for, 2150-216 
procedures, with various metals 
and fillers, 2156 
Oxygen, effect in steel, 1030 

P 

Packfong metal, composition of, 
1072 

Pad form dies, 14AX 

Pallet stones, thiclcness of, 192 

Panelyte, 1081 


Pan-head rivets, 707, 710 
Paper, strenrth of, 625 
Parallel stock keys, dimensions, 891, 
892 

Parkerizing of screw threads, effect, 

71 

Parker-Kalon self-tapping screws, 

689 

hole sizes for, table, 690-692 
Patenting, definition, 1004 
Patterns, estimating lumber for, 932 
Pendant taps, 191 
Pendulum press, 1305 
Penetration, in carburizing, rate of, 
1038, 1040 

in shearing or punching operations, 
624 

Percussi9n drill point, 124, 125 
Perforating dies, 1276 
Perforating punches for standard die 
sets, 612, 614 

Perforating tools, clearances, 598 
Permaset diamonds, 494 
Petroleum, weight of, 1106 
Phenolic laminated gears, formula 
for horse-power, 296 
keyway stress, 295 
Phenolite, 1081 

Phillips screws {see American Phil¬ 
lips Screws) 

Phosphor bronze, composition and 
uses, 1063, 1067 
lubricants for threading, 335 
machining feeds, 342 
machining speeds, 340 
strength of, 625 

threading speeds, 194-195. 568- 

571 

Phosphorus, effect in steel, 1030 
Physical properties, of metals, 1073 
of welds, 219 

Pickling, of iron and its alloys, 1062 
of monel, 351, 1081 
Pickling acids, 1062 
Piercing dies, 1276 
clearances, table, 605 
and punches, clearance between, 
599, 604, 606-608 
for standard sets, 610-614 
Piercing punches, methods of hold¬ 
ing, 599, 600 
types of, 599 
Pillow blocks, 1302 
Pilots, inserted, for counterbores, 
841 

for progressive blanking punches, 
600-602 

tables of dimensions, 600, 601 
Pin gage, rocking, measure for bear¬ 
ing clearances, table, 723 
for bore gaging, 722, 723 
for press fits, 722, 724 
Pin metal, composition and proper¬ 
ties, 1071 

Pin spanner wrench, 2326 

Pine, weight of, 1106 

Pin-face wrench, 1326 

Pinion teeth, minimum number, 249 
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Pins, collar, 1301 
cotter, British Standard, 713, 716 
General Motors standard, 694 
S.A.E. Standard, 694, 69s 
dowel, 1302 

drills and reamers for, 152 
measuring spur gears with, 255- 
259 

piston {see Piston pins) 
rod end, S.A.E. standard. 693 
taper, British Standard, 807 
Brown & Sharpe, 802 
drill sizes for, 144 
Pratt & Whitney, 8oi 
for shafts, 8<^, 804 
U.S. Ordnance Department 
standard, 803 

Pipe, standard, dimensions and 
properties, 98 

for oil well work, A.P.I., 103-110 

Pipe tap and drill combined, 184 

Pipe taps, definition, 171 
dimensions of, 182 
drill sizes, 101 
ground thread, 173, 183 
tolerances, 183 

Pipe-threading machines, motors 
for, 994 

Pipe-threading speeds, feet per 
minute, S 67 “-S 7 i 

Pipe threads, American (Briggs) 
Standard, 90-11id 
diameter of taper threads, 90 
dimensions, tables, 96-99 
gage tolerances, 94 
gages and gaging methods, 91- 
94 . 95 

gaging taper threads, 93 
length of thread, 91 
master gages, 91 
measuring, with 3-wire method, 
iiia-iiid 

with 2-wire method, mb- 
me 

straight, 95 

dimensions, 100 
working gages, 92 
working tolerances, 94 
for A.P.I. drill pipe, 108, 109 
British Standard, 110-113 
tap drills for, 152 
truncated Whitworth form, sjg 
metric, 114 

Piston fits, locomotive air-pump, 
ii8s 

Piston pins, grinding wheels for, 511 
lapping machine for, 540 

Piston-ring data, gasoline and steam 
engine, 969. 970 

Piston rings, grinding wheels for, 511 
hard bronze for, 1063 

Piston rods, locomotive, A.A.R. 
Standard taper, 1191 
pressure for forcing into piston 
head, 1177 

Piston-rod stock, tolerances, 965 

Pistons, aircraft engine, fits and 
clearances, 1163 
aluminum alloy, 1161 


Pistons, automobile, 1161-1162 
fits and tolerances, 1164, 1165 
cast iron, 1162 
clearance, 1161 
machining, 1161 
piston-pin holes, 1162 
ring fits, 1161 
standard oversize, 1162 
superfinishing, 541 
Pitch, of gears, 232-239 
(See also Clears) 
of metric gears, 25s 
real, for circular-pitch helical 
gears, 280-283 
of screw thread, 2 

Pitch-diameter thread tolerances, 7, 
21 

Whitworth special thread sizes, 
37 h- 37 n 

Pitch diameters, helical-gear table 
for finding, 284-285 
of standard gears, 250 
Pitsaw file, 198 

Plain and differential indexing, 
method and principle, 432-435 
table, 436-453 
Plain drawing dies, 1274 
I lain mills, 379. 383 
Plain parallel stock keys, 890-892 
Plain and shoulder eye bolts, Vulcan, 
703 

Plain taper stock keys, 895 
Plain washers, 705 
Plane, wood, bit for, 326 
Planer, and list of parts, 1303, 1304 
Planer and slotter tools, 1323 
Planer tools, for high-nickel alloys, 
347 . 348 

types and angles, 321-325. 1322, 

1323 

Planers, cutting speed, actual, 930 
motors for, 992 
tool post for, 884—886 
Planing bevel gears, 266 
Planing of cast iron, power required, 

989 

of monel, speeds and feeds for, 351 
Planing-mill equipment, power re¬ 
quired for, 996 

Plank construction for work benches, 
201 

for dies, 1332 

Plastics, laminated, tapping, 1082 
saws for, 1475 

Plate, lapping, for flat surfaces, 533 
master, 1304 

Plating in threads, thickness of, 71 
Platinum, properties of, 1073 

weight per cubic inch and cubic 
foot, 1073 

Play of calipers in measuring holes, 
721 

Plexiglas, 1333 
Flow bolt, 1257 
Plug, cock, taper of, 802 
Plug gages, allowance for wear, 761 
“ Go’^ or minimum, for measuring 
holes, 736 
lapping, 536 
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Plug gages, measuring dovetails 
with, 809, 813 

measuring of, with light waves, 

731 

principle of measuring fits by, 751 
truncated, for setting “go” ring 
gages, 24 

Plug and ring gages, for American 
pipe thi-eads, 92, 93 
for British pipe threads, iii 
standard ranges, 759-760 
testing angles with, 1209--1211 
tolerances, 760, 767 
types, 91-93* 796a 
Plug-gage handles, 757 
Plugs, fusible boiler, composition 
and melting points, 210 
Points, of capscrews, 654, 657 
of drills, length of, 153 
setscrews, fluted-socket, 683 
hexagonal-socket, 684 
of wood screws, 69s 
Polarity of current in welding, 221 
Polishing, buffs for, 525 

compared with solid-wheel grind¬ 
ing, 524 

glue for abrasives, 526 
grain of abrasives, 526 
Polishing wheels, types of, 524 
Polygons, laying out, 1212 
properties of, 1218 
Porosity of welds, effect of aluminum 
on silicon-killed steels, 222 
Positive, negative, and zero rake, 
explained, 380 
Positive rake, 1397 
Powder, diamond, settling table for. 


Power, electrical, compared with 
mechanical, 968 

required, for drilling, 135, 344, 998 
for planing cast iron, 989 
for punching and shearing, 620, 

621, 997 

to remove metal, 997 
Power hack saws, blades, 1466 
data for various materials, 462- 

463, 

description of, 461 
Power press, broaching in, 643 
Pratt « Whitney, aircraft engine 
parts, fits and clearances, 1163 
hand wneels, 832 
round-end keys, 894 
taper pins and reamers, 801 
Precision boring, 1396 
Precision-ground thread taps, 173. 


17s. 179 

Preferred drill sizes, 145-147 
Pregwood forming blocks, 1440 
Preneating' of connecting rods for 
piercing, 213 

of locomotive frames for welding, 


229 

Preparation of parts for lapping, 340 
Pr^es fits, allowances for pressure, 
1177 

of axles and crankpins, 1178-1180 
heavy force, 750 - 7 S 3 


Press fits, lubricants for, 1178 
medium, 746-749 
methods, 751, 755, 780-783 
practice of, in locomotive work, 
1177-1180 
shrink, 750-753 

Press tools {see Dies; Punch press 
tools) 

Press work (see Punch press work) 
Presses, types of, 1304 
Pressure for force fits, 781 
for punching brass and steel, 
621-622 
chart for, 627 
formulas for, 620 
for shearing brass and steel, 621, 
623, 624 
formulas, 620 
in superfinishing, 541 
Pressure angle of gear teeth, stand¬ 
ard, 246 
stub, 246 

Pressure angles, special, 1437 
Pressures, for car axles, 1180 

for forcing piston rods into heads, 

1177 

for mounting locomotive axles and 
crankpins, 1179-1180 
for operating steam hammers, 
1084 

for sand blasting, 527 
Prime number fractions and decimal 
equivalents, 1121 
Principle of wedge of air, 729-732 
Production on punch press, 627-629 
Production grinding of cam-machine 
parts, table, 481 
of shafts, 480, 481 
of spindles, 480, 481 
Profile milling cutters, difference 
between form cutters and, 4050 
measuring clearance on, 391, 392 
Profiling aircraft sheet metal parts, 
640^-640/ 

Progressive blanking punches with 
pilots, 600-602 

Projection of flanges for grinding 
wheels, 490 

Projection, third-angle, 857 
Projector sprockets for moving 
pictures, 315. 317-319 
'Prong dies (spnng dies) for screw 
machines, 544, 545, 1270, 1312 
Propeller shaft bearings, aircraft, 
1163 

Properties of case-hardening and 
hard-tempering steels, 1007 
of different metals, 1073 
of mild rolled steel, 220 
of regular polygons, and circles, 
1217, 1218 

of watch-screw threads, 44, 45 
of weld metals, 220 
of welds, 219 

of wrought copper alloys, 1071 
Proportions of buttress thread, 51 
of miter and bevel gears, 261 
of worm thread, Brown & Sharpe, 
SI 
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Protractor use for side clearance of 
thread tool, 81. 82 
Pulley, broken, finding diameter of, 
1216-1217 

Pulley tap, definition, 171, 1319 
Pulleys and gears, speeds, tables, 

979-984 

Punch and die clearance, for ac¬ 
curate work, S97, 598 
for all gages of stock, 604, 6o6~6o8 
for blanking tools, 597 
for boiler work, 599 
for brass, 598 
for monel, 630 
for perforating tools, 598 
for steel, 598 * 

Punch holder, definition, 614 
Punch press, and names ot parts, 
130S. 1306. 1307 
tonnage capacity, 618 
Punch press tools, allowance for 
shaving, 602 
clearance in dies, 605 
double-action, 609, 610 
effect of sheared edge of, 603 
inserted pilots for progressive 
punches, 600-602 
lubricants for, 629, 630 
standard die sets, 610-615 
stock stops for, 611-616 
Punch press work, area and weight 
chart for steel stampings, 595 
clearance, for hot flanging dies, 
609 

finding diameters for shell blanks, 
588-591. 594 

laying out bending dies, 596 
locating blanks on strip stock, 628 
rate of production, 627-629 
effect of stock width on scrap, 
626-628 

Punch sizes for self-tapping screw 
holes, 690-692 

Punches, blanking, pilots for, 600- 
602 

Class A-A. and A standard die sets, 
612, 614 

lubricants for, 336-339, 629 
motors for, 995 

perforating, for standard die sets, 
612, 614 

piercing, types of, 599. 600 
progressive, 600, 601 
sheared, effect of, 603 
small insert, at Bell Aircraft 
Corp., 604 
types of, 599-602 
U.S. Navy standard, 619 
also Dies) 

Punching, of Bakelite, 1082 
of Micarta, 358 
of monel, 352 
penetration table, 624 
power required for, formulas, 620, 
997 

pressure required, for brass and 
steel plate, 621, 622 
for different metals, chart, 627 
formulas, 620 


Punching and welding in aircraft 
work, 1440-1445 

Push broaches, for round holes, 643 
Pyrometers, use, 1031 
testing of, 1043 

0 

8 uadrant, definition, 1307 
uartering level, definition, 1297 
Quenching, definition of, 1003 
of steel by air cooling, 1026 
proper temperature for, 1043 
Quenching baths, oil, 1022 
salt, 1025, 1060 
various compositions, 1060 
Quick-change gears, lathe, 79, 1296 

B uick return, definition, 1307 
uill, definition, 1307 

R 

R monel, 347, 349-350 
Rack teeth, cutting, 320 
Racks, cutting on Cincinnati milling 
machine, 457-458 
for 14^^-degree composite gear 
system, 236 
measurement of, 320 
Radax ball bearings, tolerances for, 
836, 838, 842 

Radial draft, in drop-forging dies, 
1091 

Radial drill, and names of parts, 
1281 

Radial rake of face milling cutters, 
381, 382 

Radii, of fillets and corners, table of, 
933 

of spheres, 935 

for tubing bends, 632, 636, 638 
Radius and chordal pitch of spur 
gears, constants for, 239 
of segments, 9380-938/ 

Railroad shop work, axles, pressures 
for rnounting, 1179, 1180 
crankpins, pressures for mounting, 
II7p 

locomotive frames, welding, 228- 
229 

locomotive repairs, classification 
of, 1166 

running fits for, 1185 
preheating frames for welding, 229 
press fits, 1177-1180 
tire section, standard, 1170 
tire shrinkage, 11 75 
tire thickness, standard, 1173 
tire tools, 1168-1170 
(See also Locorwotive) 

Rake, on cutting tools, 1397 
definitions, 380 

of face-mill teeth (true), 380-382 
of face milling cutters, Axial, 
Radial, and True rake, 381 
and helix angle of milling cutters, 
380-383 
chart for, 382 

for lathe and planer tools, 324 
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Rake, for reamer teeth, 164 
of taps, 173 

of teeth for broaches, 642 
Raker set for saw teeth, 470 
Rasps, 198 
Ratchet drill, 1308 
Ratchet shank for drills, 118 
Rawhide spur gear, A.G.M.A. 
formulas for horse-power, 296- 
298 

Reading the micrometer, 719-7 21 
the vernier, 718, 719 
Real pitches for circular-pitch 
helical gears, 280, 282-283 
Reamed holes, allowance in drill 
size, 141 

Reamed holes, diameters, S77 
standard, tolerances in, 577 
Reamers, back taper of, 154 
British standards for, 154 
with carbide blades, speeds for, 
169 

center, iss. IS6, 1308 
clearance, 160-162, 166-168 
cutting edges of, 160 
diameter tolerances of, 154 
for different metals, 165 
for dowel pins, 152 
expansion, 158 
flutes, forms of, 1266, 1308 
fluting, 386, 1266 
grinding of, for various purposes, 
160-168 

grinding set-up for, 163 
grinding wheels for, 512 
gun barrel, 1368 
hand, 155, 162 

cutting action of, 163 
high speed, on various materials, 
575 

jobbers, 15s 

lubricants for, use with various 
materials, 160, 329, 336-339 
machine, iss 

cutting action, 162 
machine countersinks, 156 
for monel metal, 349 
names of parts, 157-159 
sharpening, x 6 o 
shell, 155. 1309 
arbors for, 156, 157 
speeds, in screw machines, 575 
on various materials, 169 
speeds and feeds, in screw 
machines, 160, 169 
taper, bridge, 155. 156, 1308 
car, 155. 156, 1309 
Morse, 155, 156 
Pratt & Whitney, 801 
taper pin, 155. IS 6 , 801, 1309 
teeth rake^ 164 
type of, 154-156, 1308, 1309 
Reaming tools, diamond, 366 
Rebabbitting bearings, 203 
Rebite, 482 

Rebuilding hub-liners of locomotive 
driving wheels, by welding, 1185 
Receiving gagesi 733 . 734 
Rcciproc^ of numbers, 1156-1160 


Reciprocating fit, 754 
Recutting file teeth, 199 
Red brass, composition and uses, 
1064, 1066, 1067 
reamers for, 165 
Redrawing dies, 1274 
Reducing atmosphere, furnace, 1022 
Reducing dies, 1276 
Reed tapers, 795 

Reference gages for pipe threads, 91, 
92 

tolerances for, 97 

Reference tables, general, 1104-1160 
Regular hand taps, I75-I77 
Relief in dies (see Die clearances) 
Relief, of taps, definition, 173 
Resinoid bonds for cutting-off 
wheels, 523 

for grinding wheels, 486 
Resistance welding, 217 
Reverse bends, of sheet metal, 631, 
632 

Reversible tongues, standard, 881- 
883. 

Revolutions per minute and corre¬ 
sponding surface speed, tables, 
330, 572 

of grinding wheels, 503-504 
Rex, 482 
Rexite, 482 

Rifle barrels, broaching, 1363 
drilling, 1367 
grinding wheels for, 512 
reaming, 1363 

Rigging hitches and slings, 1097, 
1102 

Right-angle bending dies, laying out, 
596 

Right-angle triangles, diagrams and 
tables for calculations, 1198- 
1210 

formulas for, 1212 
integral, table for laying out, 842 
table for calculations, 1201-1207 
Ring gages, 733. 734 . 796a 
lapping, 535 

for standard self-holding tapers, 
796 

Rings, piston, for automobile en¬ 
gines, 1161, 1162 
Rivet heads, Clark, 710 
hull and tank, U.S. Navy, 707 
manufactured after driving, 710 
Rivet set and hold-on, standard, 709 
Riveting dies, 1277 
Riveting washers, 706 
Rivets, Doiler, U.S. Navy, 707 
definition, 1309 
fillet welds to replace, 224 
lengths for different thicknesses of 
metal, 708 
various types, 1310 
Rock of pin gage for bearing clear¬ 
ance, 722, 723 
for gaging bores, 722, 723 
for press fits, 722, 724 
Rocker base, 885 
Rockwell hardness test, 1017 
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Rod, turning, composition and uses, 
1064 

Rod ends, machining of, 1182 
Rod-end pins, S.A.E. Standard, 693 
Roil for cnarging diamond laps, 538 
Roll grinders, uses of, 479 
Rolled threads, American National, 
40, I 3 SI 

Roller bearing mountings, tolerances 
in fittings, Bower, 838, 842 
New Departure Radax, 836 
Roller bearing parts, grinding wheels 
for, $12 

Roller chain dimensions, 311 
Rollers, finding ang^e of, 1197 
Rolling hitch, 1100, iioi 
Rolls, bending and straightening, 
motors for, 99 S 

of various materials, grinding 
wheels for, 512, 513 
Root of screw thread, 2 
Rope knots and hitches, 1097-1102 
Ropes, safe loads for, 1102, 1103 
Rose chucking reamer, 162 
Rose milling cutter, 1268 
Rosin, as flux for soldering jobs, 206 
Rosin, weight of, 1106 
Ross grinding-wheel dresser, 493 
Rotary cutting speeds, 328, 332 
conversion table, surface feet to 
r.p.m., 340 

lathe and boring mill time, table. 


333 . 334 
Rotary files, 200 
Rotary planers, motors for, 992 
Rotating air cylinders and adapters, 
standard, 578 

Rouge, as buffing composition, 525 
Rough-cut files, tooth spacing, 197 
Round bars, weight per foot, alumi¬ 


num, 955 
brass, 955 
copper, 955 
iron, 954 
steel, 954 

Round broacnes, push type, 643 
Round bung-heaa wood screw, 1313 
Round cold chisel, 1263 
Round-end keys, Pratt & Whitney, 

Round-liead machine belt, 1256 
Round-head machine screws, Am¬ 
erican Phillips, 658 
Round-head rivets, 708 
Round-head screws, American 
standard, head dimensions, 650 
British, 6S9 

Round holes, broaching, 642 
Round hook face grind for die 
chaser, 193 
Router bits, 129. I 33 
Routing aircraft sheet metal parts, 
640</-640« 

Rubber (hard), drilling, 360 
grinding, 360 
machining speeds, 360 
sawing, 360 
threading, 359 
tool shapes for, 359 


Rubber (hard), turning, 359, 361 
Rubber-blanket forming, 1440 
Rubber bond for cutting-off wheels, 
523 

Rubber-bond wheels, speeds, 498 
Rubber rolls, grinding wheels for, 
^ 5.13 ^ 

Running fits, 736, 738, 740, 741 
grinding limits, 767 
Rust remover, recipe, 1061 

S 


S.A.E., horse-power rating, for¬ 
mula, 969 

standard bolts, dimensions, 681, 
682 

standard brass and bronze alloys, 
uses, 1067 

standard cotter pins, 694, 695 
standard nuts, dimensions, 681, 

682 

for taper fittings, 923 
standard rod-end pins, 693 
standard screws, dimensions, 681- 

683 

standard serrated shaft fittings, 


standard splined shafts and fit¬ 
tings, 909-919 

standard steel alloys, chemical 
composition cf, 1008-1010 
standard steel numbering system, 
1043-1044 

standard steels, for cutting with 
Stellite, speeds and feeds, 363 
forging heats for, 1096 

for high-speed saws, cutting 
speeds, 466 

recommended heat-treatment 
for, 1012-1016 

for screw-machine work, speeds 
and feeds for, 562-565 
summary of types and uses, 
1045 

for turret lathes, speeds and 
feeds for, 346 

standard taper fittings, 923, 924 
standard washers, 705 
steels, milling, 1402 
Safe loads, for double-chain slings, 
1103 

for eye-bolts, ropes and chains, 
1102 

for wire cable, 1102 
Safety code, for grinding wheels, 
A.S.A., 489 

Safety factors, for various materials, 
939 

Safety wheel-grade mai^kings, 485 
Sag of wire for aligning of shafting, 
table, 976, 977 
Salt, weight of, 1106 
Salt baths, for aluminum, 1083 
for drawing steel, 1026 
for quenching high-speed steel, 
1022, 1025 

Sand and shot blasting, 527 
Sand, weight of, 1106 
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Sandstone, weight of, 1106 
Saw blades, various materials, 463 
Saw files, 197 

Saw teeth, Atkins, 4S9. 4611 4^3 
Brown & Sharpe, 459 
Disston, 470 
Simonds, 459. 469 

Sawing, aircraft sheet metal parts, 
640g~64o/t 

fixture for holding work. 473 
Sawing lubricants, 3S3. 466, 468 
Saws, for aluminum, 3SS 

{See also Saws, metal-cutting) 
tor Bakelite, 472 
band, 463, 470-472, 1310 
brazing, 211 
for celluloid, 468 
for electrotypes, 468 
for fiber, 362, 463, 472 
grinding wheels for, 513 
hack, 461-463. 470, 473 
for hard rubber, 360, 463, 469, 472 
metal cutting, 456-473 
blades, ^63 
p;age ana width, 471 
inserted-tooth, 469 
lubncant for various materials, 
466 

speeds for cutting-off machines, 
460 

speeds for high-speed, 466 
teeth, 456, 459-461 
tooth set, 470 
for various metals, 472 
for mica, 472 
for Micarta, 358 
milling, ^98 
for plastics, 1475 
for slate, 472 
slitting, 398 

Scleroscope hardness scale, for 
various materials, ioi8, 1057 
Scleroscope hardness test, 1017 
Scrap, importance of, 1339 

influence of stock width on, 626- 
628 

ratio in metal production, 1338 
Screw heads, American standard, 
648 

dimensions, tables, 649-663 
tap-drill sizes of, machine 
screws, 666 
British, 689 
capscrews, 67a 
setscrews, 673 
{See also Screws) 

Screw machines, automatic, knurl¬ 
ing tools, 5826-582/ 
threading on, 574. 575 . S8i- 
5826 

box tools, 542. 13x0, 1311 
tangent, 542, 13IX 
Brown Sn Sharpe automatic {see 
Automatic screw machines, 
Brown & Sharpe) 
cam design for, 579-5826 
circular cut-off tool, angles and 
thideneas, 576 


Screw machines, circular cut-off tool, 
estimating material required on, 
577-578 , 

circular forming tools, 547-5596, 

1311 

chart for diameters, 554 
for conical points, S52 
dimensions, 582/-S876 
finding diameters of, 548, 553 
classification. Acme Gridley, 5825 
Brown & Sharpe, s82g 
Cleveland, 582g 
Davenport, 582^ 

Greenlee, s82g 
Gridley, 5824 
New Britain, 582^ 
dies and taps, 544 
dovetail forming tools, 547-551, 
1311 

American standard, 586-587 
blanks for, 582/, s876-s87<f 
depths, 548, 549 
dimensions, 586-587 
estimating matenal for work on, 
577-578 

forming tools, 1311 
making, 547-552 
master toot for making, SSO-SSi 
standard blanks for, 581 
hollow mills, 13 ii 
limits and tolerances, 577 
speeds and feeds, 560-565 
for various materials, 561 
for various tools, 562-565 
spring dies, 544. 1270, 1312 
taps, lengths and number of lands, 
546 

threading, allowances for, 546 
boring work for, 545 
speeds, 568-574 
for pipe, 567 

tools, various, 1310-1312 
for work on monel, 347 
Screw plates, 1312 
Screw stock, special accuracy, 965 
Screw-thread standards for Federal 
services, wires and practice in 
measurement of wires, 580 
Screw threads, 1340-1362 
Acme, 1332 

Aero system, 1352-1362 
American National, 1-35/ 
classificating fits, 6-35 
coarse thread senes, 5-15, 21-24 
diihensions &nd tolerances, 
coarse-thread series, 10-15 
fine-thread series, 16-19 
8-pitch series, 28 
fine thread series, s. 16-19 
forms, I, 4. 7 
gas cylinder, 1347 
general specifications, 20, 21 
lamp base, 1351 
pitch diameter tolerances, 20, 21 
rolled threads, 40 
X 6-pitch, 30 
terms relating to, 2, 3 
tolerances, 7, 10-30 
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Screw threads, American National, 
12-pitch series, 29 
(See also American National 
screw threads) 

American National Acme, 46-50 
data, 48-50 

limiting dimensions and toler¬ 
ances, 50 
modi'ied form, 47 
American Petroleum Institute 
dnll pipe, 108-110 
oil-well casing, 103-10 7 
American (Briggs) standard pipe, 
90-102 ^ 

showing truncated crest and 
root limits, 99 
British Association, 40 
dimensions and tolerances, 41 
formulas for measurement, 59 
measuring with wires, 60, 66^8 
section and formula, 43 
British standard, of Whitworth 
form, 36-3700 
British standard fine, 396 
British standard pine, 39/ 

British standard Whitworth, 36, 
37 

measuring with wires, 59, 60, 66 
section and formula, 46 
sizes and tolerances, 370, 37bb, 
38-39/ 

special, 39 i- 39 h 
Brown & Sharpe worm, 51 
buttress, 51 

section and formula, 43 
for chandelier pipe, loi 
coach, 701 

cutting, calculations for, 77-79 
fractional, 78 
g:ear for, 79 
in lathe, 77-81 
metric, 79, 81 
multiple, 82-84 
Dardelet self-locking, 42 
diameters, 2, 172 
double depth of, S4, 83 
errors of lead and angle, 23 
fire hose coupling, 114-117 
fire hydrant caps and nipples, 115, 

117 

fits (see Pits of screw thread) 
fiats, width of, 53 
forms and tolerances, i 
formulas for depth, and for pitch 
diameters with 3-wire meth¬ 
od, various thread forms, 58/ 
gages for fire-hose couplings, 117 
neUx an^le, 81 

effect in measurement by wires, 
72 

Hughes oil tool, no 
internal, measuring, 76, 77 
International (metric), section 
and formulas, 43 

Loewenherz-German, formula for 
measurement, 59 
section and formula, 43 
machine, standard, 25^35/ 


Screw threads, measuring, Acme, 29- 
degree thread, 59, 60, 71-73 
of American National, SS-b2, 

64. 70, 71 

of British Association, 58/, 60, 
68 

of British Whitworth, 55, 58, 66 
of Brown & Sharpe worm, 73-75 
effect of helix angle in, 72 
included angle with two wires, 
58^-58/1, 59 
of internal threads, 76 
Loewenherz method, 58-s8<; 
of metric, 63, 65, 67 
with micrometer, 55 
by optical method, 69 
of sharp Vj 5S-S8 
by three-wire method, SS-68, 72 
with two and three wires, 69-71 
wire specifications, 38a, 586 
metric, 43, 65, 67 
pipe, 114 

“translating gears” for cutting, 
79. 81 

multiple, cutting, 82-85 
parkerizing of, 71 
pipe, American standard, 90—102 
A.P.I. standard for oil-well 
work, 103-110 
plating of, 71 
rolled, forms, 40, 43, 46 
special threads, tolerance incre¬ 
ments for, ^0 

standard practice in measuring 
with wires, 58a-58& 
taper pipe, measuring with wires, 
iiia-iiirf 

three-pitch-thread series, 27-29 
three-wire measurement, best size 
wires, formulas for 60 deg., 
5S deg., 53 deg. 8 min, 
50 deg., 47H deg., 40 deg., 
29 deg., 58 

uses of 8-pitch standard, 30 
of i2-pitcn standard, 30 
of 16-pitch standard, 30 
of truncated Whitworth form, 

36-3700 

British Standard pipe, 37g 
special thread senes, 37h 
symbol values, 37b 
various, best wire sizes for 
measuring, 58 

Screw-machine cams (see Cams, 
screw-machine) 

Screw-machine reamers, I 5 S 
Screw-machine work, estimating 
material for, S 77 ,"-S 78 
limits and tolerances for, 577 
speed of reamers for, ^75 
Screws, American Phillips, dimen¬ 
sions, binding-head, 662 
fillister-head, 660 
flat-head, 6S7 
oval-head, 6 S 9 
6S7. 

-head, 658 
truss-head, 661 
washer-head, 663 


point. 

roun 
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Screws, American Screw Co., stand¬ 
ard threads per inch, 68i 
British, ^pes of head, 689 
cap (see Capscrews) 
classes of fits, 6-36 
coach (or lag), 701 
collar, 131a 

Kollsman Instrument Co., 666, 
667 

machine, A.S.A. standard dimen¬ 
sions, fillister-head, 653 
flat-head, 649 
oval-head, 651 
round-head, 650 
truss-head, 652 

self-tapping, Parker-Kalon, 689 
table of hole sizes for, 690-692 
shoulder, 1314 

slotted-head, standard, 648-656 
tolerances, 6, 7-35/ 
types of, 1310-1314 
washer head, 1314 
wood, American Phillips, 696 
British, heads, 689 
flat-head, 696 
kinds of head, 648 
oval-head, 698 
round-head, 697 
standard, 695-700 
l^gth tolerances, 700 
various types, 1313 
Screws, bolts and nuts, 647-717 
British Standard Fine (B.S.F.), 

711-717 

fine thread (S.A.E.) dimensions 
682 

National Pine (S.A.E.) Standard, 
681 

Screw-slotting cutters, 464, 1268 
Seam welding, 218 
Seamless tubing, brass, weight per 
foot, 957 

brass and copper, wall thickness 
tolerances, 1068 
cold drawn, tolerances, 960, 961 
SecantSj selecting for calculating 
helical gears, 279 

Secants and co-secants, table, 1242- 

1253 

Second-cut files, 197 
Section lining, on drawings, 860 
Sectional broaches, 641 
Sectional dies, 1277 
Sector, of dividing head, 1314 
Segment of sphere, table for finding 
volume of, 936 

Segments of circles, 938 a- 938 / 
Selecting cutter for bevel gears, 26a- 
266 

Selecting motoirs for machine tools, 
984-1001 

Selective assembly, 738 
classes of fits for, 743-754 
Self-locking thread, Dardclet, 42 
Self-tapping screws, Parker-Kalon, 
639 

hole sizes for, 690^2 
^Sellers taper, 79S' 


Series-wound motors, 986, 988 
Serrated shaft fittings, S.A.E., 923 
Serrated wedges for tool posts, 885 
“Set” of saw teeth, 470 
Setover in lathe for turning tapers. 


^ 373 

Setscrews, Amencan standard 
socket, 684 

British Standard Fine (B.S.F.), 
711. 714. 717 

fluted head, 683 
fluted socket, 683 
heads, 673 

Setting angles for bevel gears, table, 
26s 

Setting diamonds for wheel dressers. 


Setting studs in aluminum, cast 
iron and steel, 693 
Settings, jewel, diameters of, 192 
Settling abrasive flours for lapping, 
538 

Settling diamond powder for lap- 
ping, 534-537 , , 

Set-up time tables for shaper jobs, 
345 

Shaft fittings, serrated, S.A.E. 
standard, 923 

taper, S.A.E. standard, 923, 924 
Shaft tolerance^ 7SA 
Shafting, aligning by a steel wire, 
976, 977 

American standard, and stock 
keys, 890-892 

cold finished, standard diameters 
and lengths, 897 
ground steel, tolerances, 897 
norse-power of, 978 
speed of, 977 

Shafts, production grinding of, 480, 
481 

splined, for machine use, 909 
square, proportions and allow¬ 
ances, 929 
taper pins for, 802 
tapered splined, 920, 921 
Shanks for drills, common, 118, 119 
for lathe and planer tools, 322 
Shapers, gear, 1315 
motors for, 992 

and names of parts, 1314, 1315 
time tables, for cutting, 344 
for setup, 345 

Sharp V, for watch screws, 42, 44-46 
square, section and formula, 43 
terms and symbols relating to, 
2-4, 172, 860 

Thury’s Swiss, section and for¬ 
mula, 45 

tolerance, i, 2, 7-40, 173 
truncated gages for, 24 
watch, 42 

properties and formulas of, 

44—45 

of wood screws (see Screws, wood) 
worm. Brown & Sharpe. 51 
Sharp V thread, 60-degree, measur¬ 
ing with wires, 55< S 3 
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Sharpening, carbide tools, 368-370 
on diamond wheels, 371 
milling cutters, 474-4786 
reamers, 160-168 
staggered-tooth milling cutters, 
477-478 

Shaved gear tooth, total depth for 
gears of 16 teeth or more, 252 
ShaMing, burnishing, and lapping 
gears, 292 

dies, allowances for, 602, 603 
Sheared press tools, effect of, 603 
Shearing, aircraft sheet-metal parts, 
640t-64om 

on Hydro-press, 640fe-64om 
on punch press, <640^-640/5 
rotary shearing, 640»-64oj 
straight shearing, 640A-640/ 
of Bakelite, 1082 

penetration table, 624 
pressure for, 620-^21 

for brass and steel, 623, 624 
Shearing dies, 1277 
Shearing strength of steel pins, 939 
Shedder, 1316 

Sheepskin polishing wheels, 525 
Sheet brass, tempers, 1068 
tolerances, 1068 
Sheet copper, tolerances, 1068 
Sheet steel, bending, 630-632 
tables, 633-635 
thickness tolerances, 962 
weight and thickness, manu¬ 
facturers’ standard gage, 946 
U.S. Standard gage, 945 
weight tolerances, 963 
Sheet-metal, aircraft, cutting, 640^- 
640m 

forming, 6dom-640x 
Sheet-metal table, for dimensions 
of cans and tanks, 638 
Sheffield taper-pin drill, 141 
Shelby seamless drawn tubing, 
weight of, 958 

Shell blanks, finding diameters, 
588-590 

formulas for, 591 
table for, 594 
Shell drills, 129, 132 
Shell end milling cutters, 386 
Shell end mills, grinding, 476 
Shell reamers, 155, 1309 
arbors for, 156, 157 
Shellac bond, for cutting-oflf wheels, 

523 , 

for grinding wheels, composition 
and effect, 482 

Shells, steel, lubricant for drawing, 
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jSherardizing, 1316 
^fShielded arc welding, 219-220 
Shimming locomotive wheel cen¬ 
ters, n68 

Shoes and wedges, locomotive, 
bronzes for, 1x88 
limits of wear, 1187 
Shop and drawing room standards, 
828-939 

Shop recipes, 1056-1057t 1060-1062 


Shop trigonometry (see Trigonome¬ 
try, shop) 

Shot metal, 1072 
Shot and sand blasting, 527 
Shoulder eye bolts, 703 
Shoulder screw, 1314 
Shoulder stud, 1318 
Shrink fits, 736, 738, 750-755 
grinding limits for, 769 
making, 780 

Shrinkage, of castings, various 
metals, 1074 

tires, locomotive, 1174, 1175 
Shrinkage allowances for drop 
forging, 108S 

Shunt-wound motors, 985, 988 
Side milling cutters, 394, 397, 1268 
Side play of calipers m boring over¬ 
size holes, 721 

Side rod, knuckle-pin and bushing 
fits, 1185 

Sides, angles and sines, table of, 
848-853 

Signals for crane operators, 1479 
Silent-chain drive, link-belt, 307, 308 
Silicate bond for grinding wheels, 
482, 484, 486, 488 
Silicon, effect in steel, 1030 
Silicon bronzes, 1066 
Silicon carbide abrasives, 486, 487, 
488 

Silicon wheels for grinding carbide 
tools, 369, 370 
Silicon-killed steel, 222 
Silver, weight per cubic inch and 
cubic foot, 1073 

nickel, composition and uses, 
1070, 1071 
Silver brazing, 211 
Silver coin, composition, 1072 
Silver solders, 1376 
Simonds metal saws, teeth, 459, 
468-470 

Simple knot, 1097 . I 099 
Simplified, or preferred, drill sizes, 

145-147 

Sine bar, 815, 826 

attachment for use with, 827 
tables, 816-825 

Sines and cosines, table, 1230-1241 
Single-angle milling cutters, 398, 
126s 

Single-cut and double-cut files, 196 
actual tooth spacing, 197 
Single-point turning tools, 321-325, 
I321-1323 
angles of, 323-325 
Single-screw tool post, 884 
Sink bolt, 1257 
Skew bevel gears, 231, 1285 
Skip welding, 221 
Slabbing cutters, 394* 1268 
Slate, saws for, 472 
speed for drilling of, 126 
weight of, 1106 

Slides and gibs, dovetail, dimen¬ 
sioning, 809, 812 
Sliding fits, allowances for, 784 
grinding limits for, 767 , 
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Sliding fits, for squared shaft, 929 
Slings and knots, 1097-1102 
Slip bushings, jig, standard, 830 
Slitting saw, 1269 
Slotted screw heads, 648-656 
Blotter and planer tools, 1323 
Blotters and keyseaters, motors for, 

992 

Slotting cutters, screw, 464 
Slow tapers, self-holding, 789-794 
Small end mills, speed of, 1418 
Small flat drills, 136 
Smooth cut files, tooth spacing, 197 
Snagging wheels, speeds for, 498 
Snap gages, 733, 734 
for diameters, 758 
for length, 766 
tolerances for, 767 
Snug fits, 738, 742 
Society of Automotive Engineers 
{see S.A.E.) 

Society of Motion Picture En¬ 
gineers, data in projector 
sprockets, 315-319 
Socket capscrews, American stand¬ 
ard, flutcd-head, 688 
boxhead, 686-687 

Socket setscrews, American stand¬ 
ard, fluted-head, 683 
hexhead, 684-685 
Socket wrench, definition, 1326 
Soda water for drilling, 126 
for grinding coolant, 495 
Sodium cyanide in carburizing steel, 
1038 

Soft beating metal, reamers for, 165 
Soft-metal punches and dies, 1443 
Solder metals, formulas foi different 
jobs, 206 

melting points (A.S.T.M.), 209 
Soldering, 205-210 
of aluminum, 207 
of cast iron, 207 

cleaning and holding work for, 
205, 207 

of electrical connections, 206, 208 
fluxes for, 206 
(hard) and brazing, 210 
stainless steel j 1380 
Solders, composition of, 208 
silver, 1370 

Solid-wheel grinding vs. flexible 
ending, 524 

Spacing of hexagon nuts, for wrench 
clearance, 840 
of holes in circles, 856 
table for, 845-848 
Spanner wrenches, 1326 
Spark method for determining iron 
and steel grades, 1053-1054 
Spauldite, 1081 

Speculum, composition of, 1072 
Si>eed of small and mills, 1418 
Speeds, for broaching, 645 
l^or carbide reamers, 169 
^cutting, for aluminum, 353 

with carbide milling cutters, 
376 - 37 P. 39 * 

conversion'table, 330, 572 


Speeds, cutting, definition, 325 

for drills, fraction and letter 
size, 133 

number size, 130 
with electric arc, 216, 217 
for estimating time, for various 
materials, 340 

high-speed saws, on various 
materials, 466 
for power hack saws, 461 
rotary, 328 

for diamond tools, 366 
for drilling and boring in Ford 
plant, 343 

of various materials with high 
speed driller, 126 
of wood, 126 

and feeds, with carbide tools, 364, 
367-369 

for cutting, table for estimating, 

340 

for use with Stellite, 405 
for various materials, 341-343 
for diamond grinding wheels, 

523 

for drilling, chart for estimat¬ 
ing, 140 

on multiple-spindle machines, 

141-143 

on various materials, 125, 

126, 134 

for gear putting, 289, 292 
for bobbing gears, 273-275 
for milling cutters, 375-379. 
384-387, 389-391, 1405 

for milling of inagnesium, 390 
for milling various materials, 
386-390 

for reameis, 160, 169 
for screw machines, 561-576 
for boring tools, 561 
for box tools, 561, 562, 564 
for center drills, 561 
for cut-off tools, 561, 563, 565 
for facing tools, 563 
for forming tods, 562, 564 
for hollow mills, 562, 565 
for knurls, 563, 565 
for monel, 347, 349 
for reamers, 169, 563, 565, 
575 

for twist dnlls, 562, 564 
for turret lathe, 345, 346 
•for flame cutting, 213, 214 
for grinding wheels, 498 

peripheral, and r.p.m., 500, 



499 

for honing, 532 
for “hot” saws, 470 
for machining, of hard rubber, 360 
of stainless steel, 37^ 
of various materials, 340 
milling with carbide cutters, 384- 
387,389-393 

of oxyacetylene welding, 214-215 
of planers, actual cutting, 930 
for press work, 627-628 
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Speeds, of pulleys and gears, circum¬ 
ferential, rules for, 979 
of reamers for screw-machine 
work, S 7 S 

revolving parts, circumferential 
table of, 979-983 
of shafting, 977 
for spinning, 374 
of sprockets, maximum, 314 
for superfinishing, 540 
for tapping laminated plastics, 
Z082 

for threading, with high-speed 
chasers, S74 

for turning and planing monel, 351 
for turret lathf, 34s, 346 
of various materials (Landir), 
National coarse threads, 

194. 568 

National fine threads, 195, 


370 

for vanous jobs, 498 
of various materials, S73 
of stainless steels, 371 
of taps and dies, 560 
for wood turning, 999 
Spelter, composition of, a 10 
Spheres, area of, 592 
volume of, 935 

Spherical segments, volume of, 936 
Spheroidizing, definition, 1004 
Spindle and anvil of thread microm¬ 
eter, 55 

Spindle noses, of lathes, description 
of types, 860 

type D, dimensions of cams and 
cam screws, 865-867 
types A, B, C, dimensions of 
chucks and face plates, 872- 

873 

type C, dimensions of clampings 
of, 870-871 

types, A, B, C, dimensions and 
drawings, 861-864, 868 
for milling machines, standard, 

874 

Spindle thread, direction of, 489 
Spindles, and arbors, for milling 
machine, 87s. 876 
for grinding wheels, parts, 489 
production grinding of, 480, 481 
Spinning of aluminum, 1077 
of monel, 1081 
process and speeds, 374 
sheet metal, 374 

Spiral bevel gear drives, effect of 
mounting, 287-289 
testing, 287 

tooth Bearings in, 2 8 7-2 89 
Spiral bevel gears, Cleason, 232 
Spiral gears, 231, 1286 

distinguished from helical gears, 
27 § 

Spiral spnnp, 1316 
Spirals (helices), cutting on Brown 
& Sharpe cutters, 4056-4050 
Splined shafts, 909 
grinding wheels for, 513 
Splines, diameters, measuring, 922 


Splines, fittings, dimensions and 
limits, 911-914 
involute, 915-919 
six-key, dimensions, 921 
tapered, for shafting, 920-921 
bobbing, 27s, 292, 294 
Splineways, formulas for, 909-910 
Split dies, 1277 

Split pins, British Standard, 711, 
713. 716 , 

Split taper, pins, British Standard, 
807 

(cotter pins), General Motors 
standard, 694 
S.A.E. standard, 694, 695 
Spoon bit, 129, 132 
Spot welding, 218 

Spotting tool, for screw rxachine, 
1312 

Sprayed metals, grinding, 54ia-S4ic 
speeds and feeds, for carbide turn¬ 
ing tools, 3740 
for high-speed tools, 3750 
turning tool angles and details, 

.374-3746 

Spraying metal, or metallizing, 227 
Spring brass, composition and uses, 
1064 

Spring collet, 1312 
Spring dies, for screw machines, 
544. 1270, 1312 

Spring steel, heat-treatment of, 1037 
Spring washers, 706 
Springs, kinds, 1316 
Sprockets, block-chain, cutters for, 


Link-Belt silent drive, 308 

Morse chain drive, 310 

for moving-picture projectors, 

315. 317-319 ^ 

roller-chain, cutters for, 313 
speeds, maximum, 314 
speeds and number of teeth on, 
316 

standard diameters, 312 
Sprocket-wheel milling cutters, for 
roller chains, 402, 405 
Spur gear teeth, corrections for long 
addendum, 254-2546 
Spur gears, 231, 1287 
chordal pitch and radius, con¬ 
stants for, 239 

composite gear-tooth system, 236- 
238 

bobbing of, 266-269, 272 
involute (enlarged pinion), 14M- 
deg. pressure angle (full 
depth), 2526 

involute-tooth, ao-degree, 238 
involute tooth cutters. Brown & 
Sharpe, 254 

laying out blanks for, 244 
measuring by use of pins, 255-259 
nonmetalTic, horse-power of, 296 
speeds and feeds, 273 
tolerances, table of, 290-291 
20-dcg. pressure angle, fine pitch. 
A.G.M.A. tentative standard 
enlarged pinion, 2520 
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Square, of area equal to circle, rule 
for finding, 589 

inscribed, rule for finding side of, 
589 

properties of, 1218 
Square bars, weight per foot, 
aluminum, 955 
brass, 955 
copper, 955 
iron, 954 
steel, 9 S 4 

Square bends, in sheet metal, 
630-632, 633-635 
Square broaches, teeth for, 646 
Square corner, laying out, 934 
Square and flat stock keys, stand¬ 
ard, dimensions, 891 
Square and flat taper keys, 895, 896 
Square forming dies, 1441 
Square and hexagon bolt heads, 
finished, 671 

rough and semi-finished, 670 
Square and hexagon nuts, finished, 

67s 

rough and semi-finished, 674 
Square holes, broaching, 641, 643 
Square measure, table, 1104 
Square shafts, proportions and 
allowances, 929 
Square threads, 1:546 
Squares, and circles, rules for 
dimensions, 589 , 

cubes and roots, decimal equiva¬ 
lents, 1131-1132 

of numbers from i to 1000, 1133- 
Z142 

of numbers to 7-63/64ths, 1129- 
1130 

table for laying out, 1212, 1213 
Squaring large numbers, 1128 
Squirrel-cage motors, 984, 985 
Staggered-tooth gears, definition, 
1287 

Stagpered-tooth milling cutters, 475 
grinding of, 477-478 
Stainless steel, bend radii for, 6406 
Stainless steels, 1339 

annealing temperatures for, 1037 
Carpenter, 1034-1037 
composition and heat-treatment 
for^ 1036 

properties of, 371, 1034 
soldering, 1380 
speeds for drilling, 126, 371 
for milling, 371 
for reaming, 169 

Stampings, area and weight chart, 
595 

(See also Dies; Punch press) 
Standard boltheads, finished, 671 
rough and semi-finished, 670 
and upsets^ stock allowance for, 

Standard bolts, fine thread, 681 
and nuts, 647 

British Wnitwoith, 38, 39f 39« 
and Screws, British, 711 
Standard capscrew heads, hexagon, 
672 


Standard capscrews, 654-657 
socket, 686-688 

Standard castle screws, li^ht, 680 
Standard circular forming tools, 
581, 584-585 

Standard classification of locomo¬ 
tive repairs, 1166 

Standard composite gear-tooth sys¬ 
tem, 236 

Standard cotter pins. General 
Motors, 694 
S.A.E., 694, 695 

Standard die sets, classification 
sheets for, 610-615 
Standard dovetail forming tools, 
S8i, 586-587 

Standard draft angles and allow¬ 
ances in drop-foipng dies, 1086 
Standard drill-pipe threads, A.P.I., 
108, 109 

Standard faces of grinding wheels, 
502 

Standard fits, allowances and toler¬ 
ances for all classes of, 736 
applied to interchangeable manu¬ 
facture, 738, 747 
classifications of, 738 
gnnding limits for, 767-769 
Standard gages, of American Gage 
Design Committee, 750-760 
Standard gear tooth, pressure angle 
of, 246 

Standard gears, pitch diameters of, 
250 

Standard grinding-wheel markings, 
1421 

Standard high-speed tools, speeds 
and feeds, 561-566 
Standard hole practice in inter¬ 
changeable manufacture, 722, 

725-727 

Standard inch, 727 
Standard involute gear tooth, 
definition, 230 
Standard jam nuts, 674-676 
Standard jig bushings, 828-831 
Standard k^ slcts and key-slot 
cutters. Woodruff, 899, 902, 904 
Standard keys, for shafting, 890-896 
Woodruff, A.S.A., 899-902, 906- 
908 

Standard keyways for holes in 
gears, A.G.M.A., 898 
Standard lathe spindle noses, 860- 


Standard linear units, English and 
metric, comparisrn, 1117 
Standard locknut threads, Amer¬ 
ican, 102 

Standard locomotive axles, A.A.R., 

1189-1191 

Standard locomotive bearings, 
bronze, 1188 

Standard machine screws, A.S.A., 

648-653 

American Phillips, 657-663 
American Screw Co., 681 
Standard machine-screw heads, tap- 
drill sizes for, 666 
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Standard machine-screw nuts, 677 
wrench openings for, 678 
Standard machine-screw threads, 
American National, coarse 
thread series, 4-15 
fine thread series, 6-19 
Standard milling cutters, dimension 
of, 396-402 

straight tooth and helix angles, 
393 

Standard nonmetallic gears, 
A.G.M.A., 294-298 
Standard oil-well casing threads, 
A.P.I., 106, 107 

Standard pipe threads, American 
taper, 90- 9 Sf 

measuring, with 3-v/ire method, 
iiia-liib 

with 2-wire method, iiic-iiid 
American straight, 93, 100 
Standard piston and key taper, 

A.A.R., 1191. 

Standard pitch diameters and out¬ 
side diameters of sprockets, 312 
Standard plug and ring gages, 759 - 

763 

Standard reamed holes. 577 
Standard rivet heads, 710 
Standard roller-chain dimensions, 
311 

Standard screw threads, American 
(National), 1-30, 40 
coarse thread senes, 4-1S 
Class I, loose fit, 6, lo-is 
Class 2, free fit, 6, 10-15 
Class 3, medium, fit, 4, 10-15 
Class 4, close fit, s, 10-15 
fine thread series: 

Class I, loose fit, 4, 16-19 
Class 2, free fit, 5, 16-19 
Class 3, medium fit, s. 16-19 
Class 4, close fit, 4, 16-19 
British Association (B.A.), 40, 41, 
^ 43 

buttress, 43 

International (metric), 43 
Loewenberg-German, 43 
sharp V 60-degree, 46 
square, 43 

• Whitworth, 37/7, 39, 46 
dimensions of, 3766 
radius of, 37a 

sizes and tolerances, of bolts, 38 
of nuts, 39 

Standard screws, bolts and nuts. 
National fine (S.A.E.), 681, 682 
Standard screw-thread symbols on 
drawings, 860 

Standard setscrews, fluted socket, 
683 

head dimensions, 673 
hexagonal socket, 684 
Standard shafting, cold finished, 897 
and stock keys, 890-892 
Standard shaper time tables, for 
cutting, 344 
for set-up, 345 

Standard sizes for aircraft tubing, 
proposed, 640&-640<; 


Standard specification, for screw- 
thread gage, General Motors, 
762 

Standard split pins (cotters), U.S. 
Ordnance, 803 

Standard sprockets for projectors, 
315-319 

Standard stove-bolt nuts, 677 
Standard stud bolts, continuous- 
thread, 668 
double-end, 665 
tap-end, 664 
Standard T belts, 878 
Standard T nuts, dimensions and 
tclerances, 870 

Standard T slots for machine tools, 

877 

cutters for, 878 

Standard taper for locomotive piston 
rods and keys, 1191 
Standard taper pins, TJ.S. Ordnance, 
803 

Standard taper shanks, key drive, 
789, 791, 793, 794 
tongue drive, 789-792 
Standard tapers, self-holding (elow), 
789 

of Standard Tool Company, 70s 
Standard temperature for limit 
gages, 733 

Standard tolerances for drop and 
upset forgings, 1091-1095 
for reamers, British, 154 
Standard tongues for T riots, in¬ 
serted and solid, 880 
reversible, 881-883 
Standard tool-holder shanks and 
tool-post openings. 884 
Standard types of grinding wheels, 
501 

Standard upsets and belt heads, 
stock allowances for, 930 
Standard washers, S,A.E. and U.S., 
70s 

Standard wood screws, 695-700 
Standard worm gears, A.C.M.A. 

formulas for, 300-304 
Standard wrench openings, 669, 678 
Standards, international, for cylin¬ 
drical parts and limit gages, 755 
for rotating air cylinders and 
adapters, 578 

Star wheel-grade markings, 485 
Starret hack-saw blades, 462 
Staybolt tap, definition, 171, 1319 
Steam-boiler plugs, composition and 
melting points, 210 
Steam engine horse-power, formula, 
968 

Steam hammers, 1084-1085 
Steel, annealing, lOO^ 

austenitic condition of high¬ 
speed, 1030 

Bessemer, speeds for threading, 
, 568-571 ^ . . 

calescent and recalescent points in 
heating, 1031 

carbide cutters, for milling, 376- 
379, 384-386, 388-393 
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Steel, carbon, baths for drawing 
tools, 1027 

grades and uses. 1006 
speciflcations, for railroad axles, 
1189 

carbon tool, hardening, 1029 
heat-treatment of, 1028 
tempering table, 1029 
uses of, 1027 

carburizing of, automatic, IO39 
colors in, 1040 
definition, 1004, 1038 
factors in, 1038 
flat work, 1041 
materials for, 1038, 1041 

General Motors, specifica¬ 
tions for, 1039 
Packard units for, 1039 
rate of penetration, 1038-1040 
case hardening of (see Steel, 
carburizing 

case-hardening, comparison of 
hard-tempering steel with, 
1007, 1008 

cast, weight per cubic inch and 
cubic foot, 1073 
chapmanizing, 1040 
cold drawn, tolerances, 964, 966 
corrosion-resistant, for aircraft, 
cut by various methods, 640^- 
640/, 6407 

formed by various methods, 
640m-640jc 

(See also Aircraft sheet-metal 
cutting methods and form¬ 
ing methods) 

critical temperatures of, 1031 
different types, cutter angles for, 
388 

effect of various ingredients in, 
lOil, 1030 

flat sizes, weight, 956 
general-purpose, for welding, 221 
grinding wheels for, 514 
hardened, drilling, 147 
hardness tests, Brinell, 1054 
cloudburst. 1054 
file method, 1055 
Hadfield, 1057 
Monotron, 1055 
Rockwell, 1017 
Scleroscope, 1017 
spark method, 1053-1054 
Vickers diamond, 1055 
heated, colors of, 1032 
heating, in liquids, 1004 
rate, 1021 

heat-treatment, hardening, ioi8- 
1021, 1028 

method^ 1003-1006, 1031-1033 
for S.A.E. steels, 1012-1016 
of spring steel, 1037 
honing, 531 

horse-power required for drilling, 
^ I 3 S 

ncj-rolled, tolerances, 96^ 
lubricants for 'drawing, 629 
for drilling, 126, 14S 


Steel, lubricants for lapping, 539 
for threading, I 93 » 33 S. 336-339 
for various operations, 336-339 
magnetic superhardening of,,1033 
marking on, 1061 
niter-bluing of, 1060 
nitriding of, 1042 
pressure for punching, 620-622 
for shearing, 620-621, 623, 624 
quenching, air, 1026 
temperature for, 1043 
quenching baths, oil, 1022 
salt, 1022, 1025 
various, 1060 
reamers for, 165 

rolled, weight per cubic inch and 
cubic foot, 1073 
safety factors for, 939 
speed, of cutting with are, 216, 217 
for drilling, 126, 134, 141, 143 
for machining, 340 
for threading (Landis), 194,195, 

568-571 

speeds and feeds, for cutting with 
Stellite, 363 

for milling, 377 - 379 , 384-387 
for screw-machine work, 562- 
567 

spring, heat-treatment of, 1037 
strength of, 625-626 
tapers, 7966 

terms relating to heat-treatment, 
1003 

tool, characteristics and uses, 
1010, loii, 1027-1029 
Steel balls, for burnishing, 527, 528 
tolerances, 965 
weight of, 528 

Steel bars, color code for marking, 
1051-105? 

manufactunng tolerances, 967 
weight of, 952, ps4 
Steel castings, grinding wheels for, 
512 

strength of, 625 
Steel forgings, reamers for, 165 
speed for drilling, 126, 134 
Steel fractures, meaning of, 1021 
Steel grit for blasting castings, 527 
Steel pins, shearing strength, 939 
Steel plates, weight, Birmingham or 
Stubs' gage, 950 
manufacturers’ Standard gage, 
946 

tons pressure to punch, 621 a 
U.S. Standard gage, 945 
Steel sheets, bending, 630-632 
tables, 633-635 
thickness tolerances, 962 
weight and thickness, manufac¬ 
turers’ standard gage, 946 
U.S. Standard gage, 945 
weight tolerances, 963, 964 
Steel shells, lubricants for drawing, 
630 

Steel stampings, area and weight, 
chart for, 59s 

(See also Dies; Punch press) 
Steel tool symbols, Ford, 1049 
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Steel tubing, bending, 632, 636-638 
cold-drawn seamless, tolerances, 
960, 961 
radii for, 632 
Shelby, weight of, 958 
Steel wire, sizes for dowel pins, 152 
strength of, 626 
use for aligning shafting, 976 
weight, American or Brown & 
Sharpe gage, 951 
Birmingham or Stubs’ gage, 
944 . 950 

Steels, alloy, basic numerals under 
S.A.E. numbering system, 

1044 . . 

charactenstidB, loio-ioii, 1030 
composition, chromium, 1009 
chromium-vanadium, 1009 
molybdenum, 1009 
nickel, 1008 
nickel-chromium, 1008 
silicon-manganese, 1010 
tungsten, 1010 

cutting speeds for estimating 
purposes, 340 
feeds, 342 

heat-treating of, 1012-1016 
ingredients, and effects of, 
table, 1030 

lubricants for threading, 335 
speeds for reaming, 169 
uses, loii, 104s 

automotive, in Ford industries, 
1046-1049 

S.A.E., 1043-104S, 1050 
comparative properties of case- 
hardening and hard-temper¬ 
ing, 1007 

drawing baths for, 1026 
hardening bath, 1006 
high speed, 1030-1035 
machine-tool, 1050 
National Emergency, 1333 
S.A.E., numbering system for, 
1043-10^4 

recommended heat-treatment 
for case-hardening, 1012-1016 
summary of kinds and their 
uses, 104s 

stainless, annealing temperatures, 

1037 

Carpenter, 1034-1037 
composition and treatment, 
1036-1037 

properties of, 371, 1034 
speeds, for drilling, 126, 371 
for milling, 371 
for reaming, 169 
tough, for truck service, 1050 
Stellite, cutting speeds for milling 
with, 40s 

grinding wheels for, 514 
honing of, 331 

for machimng high-nickel alloys, 
347 

properties and uses, 1033, 103S 
Stellite J-metal, 362-364, 405 
speeds and feeds with, 363 
Step bolts, 1256 
Step-back welding, 221 


Sterbon, 482 

Sterling wheel grade markings, 485 
Sterlith, 482 

Stevedore knot, 1097, 1099 
Stock, allowances, for boltheads and 
upsets, 930 
for grinding, 577 
for finishing, 543 
for reaming, 575 

Stock stops for dies, automatic, 
611-612 

trigger, 61S, 616 

Stock weights and wire gages, 940- 

967 

Stock width, influence on scrap, 626, 
628 

Stone, safety factors for, 939 

Stones, pallet, 192 

Storage of grinding wheels, 484 

Stove bolt, 1257 

Stove-bolt nuts, 677 

wrench openings for, 678 
Stove-burner drills, 129, 132 
Straddle milling cutters, 383, 1268 
Straight bevel gear system, Gleason, 
266-2667 

calculations for, 266^-266^ 
dimensions, 266/-266g 
Straight edge, 1318 
Straight fluted drills, 129, 132 
Straight pipe threads, American 
Standard, 95, 100 
Straight “set” for saw teeth, 470 
Straight-hook face grind for die 
chasers, 193 

Straight-shank drills, 118, 119, 132, 

135 

Straight-tooth milling cutters, grind¬ 
ing of, 474 

Strength, of materials, 625 
of milling cutters, 376 
hardness of steel, 1057 
shearing, of steel pins, 939 
of welds, 220 
Stripper plates, 1318 

for standard die sets, 612-614 
Structure (grain spacing) of grinding 
wheels, 484 
Stub reamers, ISS 
StuD threads, 1344 
Stub-tooth gearing, 20-degree in¬ 
volute, 238 

Stub-tooth gears, dimensions, 246- 
248 

Pellov/s, 1438 
pressure angle, 240, 247 
Stubs’ steel wire gage sizes, 940, 

941-943 . 

for dowel pins, 152 
and weights, 944 
Stud, collar, 1318 
flange, 668 
shoulder, 1318 

Stud bolt, continuous-thread, 668 
double-end, 66$ 
tap-endj 664 

Stud fits, in aluminum, 189 
in cast iron, 188 

Studs, British Standard Fine 
(B.S.P.), table, 7 i 4 » 7I7 
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Stubs, end fits, allowances for vari¬ 
ous metals, 693# 694 
setting of, 693 

steel, use in welding cast iron, 226 
threads on, 187 

Sub-press, double-acting, design and 
names of parts, 611 
Sub-press dies, 1277 
Substances, non-metallic, weights of, 
HOS-1106 

Sulphur, effect in steel, 1030 
weight of, 1106 

Sulphuric acid, for pickling, 1062 
for soldering, 207 

Sulphurized oils, for cutting lubri¬ 
cants, 145 

Superfinish, process, 540-541 

ratio of reciprocations to work 
revolutions, chart, 541 
Superfinishing, of brake drums, 541 
of piston, 541 
Surface broaching, 641 
Surface gage, 1285 
Surface ganders, use of magnetic 
chuck on, 517 
uses of, 479 

Surface grinding, arc of contact in, 
497 

wheel speeds for, 498 
Surface plate, 1318 
Surface speeds, conversion table 
for corresponding revolutions 
per minute, 330 
Swaging, hot and cold, 1088 
Swaging blocks, 1318 
Swaging dies, 1277 
Swiss pattern files, 199 
Swiss (Thury’s) thread, 45 
Sykes gear-cutting method, 232 
Symbols, for Ford tool steels, 1049 
of metals, 1073 

screw-thread, on drawings, 860 
Synthane, io8i 


T 


T bolt, standard dimensions and 
tolerances, 878 
T-bolt stud tool post, 885 
T nuts, standard dimensions and 
tolerances, 879 

T-slot cutters, dimensions, 878 
milling, 399 i 1269 

T slots, standard, for machine tools, 


standard tongues for, 880 
Tackle block, nght method of rig¬ 
ging, 1100, IIOI 

Tangent box tools, for screw 
machines, 542 

Tangents and cotangents, table, 
1219-1230 

Tank and huU rivets, U.S. Navy, 707 
Tanks, round, vertical, capacity, 938 
Tantalum, propeities of, 1073 
.weight per cubic inch and cubic 
foot, 1073 

italum-carbide alloys, grindign 
\ wheels for, §15 
yialum-carbtae tools, 364 


Tap bolts, 1257 

Tap and die speeds, on screw ma¬ 
chine, p6o, 561 

Tap-drill sizes, American machine 
screw, 148 

American standard thread, 148- 

iso 

for machine screws, Kollsman, 

666-667 

Tap drills, 147-152 

for British Association tnread, 152 
for British standard pipe threads, 
IS2 

selected sizes, 1382-1390 
for truncated Whitworth form 
threads, coaise series, 37^ 
fine series, 37a 

suggested, British standard pipe, 
Ziaa 

for uniform pitch thread series, 
151 

Tap-fluting cutters, 1266 
Tap length and number of lands for 
screw machine, 546 
Tap tolerances, 177, 179 
Tape, for measuring locomotive 
wheels, 1176 
Tap-end stud bolts, 664 
Taper in dies for standard sets, 611- 

614 

per inch and corresponding angle, 
diagram, 809 

Taper fittings for shafts, S.A.E., 923, 
924 

Taper fits, 781 

used in locomotive work, 1181- 
1182 

Taper gage, precision, formulas for 
finding, center distance be¬ 
tween discs, 785, 786 
disc diameters, 785-787 
taper per foot, 788 
width of opening at end, 788 
use of, 78s 

Taper inside die, clearance due to 
grinding, 60s 

Taper keys, gib head, 896 
plain, 89s 

Taper pins, British Standard, 807 
Brown & Sharpe, 802 
drill sizes for, 144 
Pratt & Whitney, 801 
selecting for shafts, 802, 804-806 
U.S. Ordnance Department stand¬ 
ard, 803 

Taper pipe threads, American or 
Bnggs, 90, 96-99 
gages for, 91-93 
measuring with 2 and 3 wire 
methods, iiia-iiid 
pitch diameters of, 90 
British standard, 110-113 
Taper plug gages, standard tapers, 

Taper reamers, Morse, 155 
Taper ring gages, standard tapers, 
796 

Taper saw file, 198 
Taper stock keys, square and flat, 
89s 
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Taper threads in locomotive work, 
1182 

Tapered splined shafts, Barber- 
Colman system, 920, 921 
Taper-pin reamers, 155, 156 
Tapers, 785-811 , . « ^ 

amounts for lengths, to 24 in., 806 
Brown & Sharpe, 797-799 
dimensions on drawings, 8s9 
per foot, and corresponding 
angles, 808 

Tarno, 797 , , . ^ ^ 

key drive, shank retained by draw 
bolt, 792, 794 , 
shank retained by key, 789, 791. 
793 ^ 

Morse, 797 . 800 
Reed, 79s 
Sellers, 79S 

standard self-holding (slow), 789 
Standard Tool Co., 79 S 
steep, ^g6b 

table for computing, 808, 810-811 
tongue drive, shank retained by 
draw bolt, 791 . 794 
shank retained by Inction, 789, 

799 

shank retained by key, 789, 79 i. 
792 

turning between lathe centers, 373 
Tapped hole and nut dimensions and 
tolerances, American National 
screw threads, ii, 13, 15. I 7 
Tapped holes, drills for, 1381 
Tapper tap shanks, tolerances for, 
186 ^ , 

Tapping lubricants, for multiple- 
spindle machines, 141 
for various materials, 337. 339 
Tapping speeds, for aluminum, 355 
for brass, 573 

for iron and screw stock, S 73 
for laminated plastics, 1082 
relation to material, 187 
Tapping-machine speeds, multiple, 
192 

Taps, Amencan Standard form of 
thread, 170 

American taper pipe, dnll sizes, 

lOI 

for Ampco metal, 1329 
boiler, definitions, 171 
commercial-ground thread, 173, 
175, 178, 181, 183 
crown, 191 

cut thread, 175-176, 178, 180,183, 
184, 185 

cutters for fluting, 400 
definitions, 170-17 2 
and dies for American Standard 
thread series, 174 
and dies, chasers for, 193 

chasers for, for high-nickel 
alloys, 348 

and dies, multiple-thread, 174 
for screw-machine work, 544 . 

grinePing wheels for, 515 
hand. National form, 178, 180 
kinds and uses, 170-171. i 3 i 9 


Taps, machine-screw, definition, 171 
marking system, 173 
mud, 185 

nut, definitions, 171 
pendant, ipi . 

pipe, general dimensions, 182—186 
tolerances, 183 

regular or “ Standard,” 175-176 
precision-ground thread, 173, 175, 

179 

pulley, defimtion, 171, 1319 
screw, Elgin watch, 189, 190 
Waltham watch, 191 
staybolt, definitions, 171, 1319 
for studs and stud holes, 693 
and tapping, 170-19S 
threading speeds with, 187 
washout, 18s 

Teeth, of broaches, 641-646 
geai, calculations for, 233, 234 
diametral and circular pitch, 
table of correspondence, 235 
diametral pitches, actual size, 

245 

bobbing method of cutting, 

266-275 

how generated, 267 
involute, cutters for, 254 
( 5 ee also Gears) 
metal-cutting saws, 456-461 
hack saws, 461-463 
number recommended for vari¬ 
ous materials, 459 
“sets,” 470 

Temperature, effect of changes on 
linear dimensions of metals, 7S3 
for quenching steel, 1043 
Temperature conversion tables, 
1023-1024 . , , ^ 

Temperatures, cntical, of steel, 1031 
Tempering, definition of, 1004 
Tempering table for different tools, 

1029 

Tempers of copper alloys, 1065 
of sheet brass, 1068 
Templets, testing angles with plugs, 

1209 

Tensile strength, of different mate¬ 
rials, 625-626 
and hardness, 1026 
Terneplate, definition, 640 
Testing angles with plugs, 1209- 
1212 

bearings, lead wire for, 1083 
flatness, with optical flat, 728-731 
for checking gage blocks, 730 
melting points of fusible alloys, 
209-210 

pyrometers, 1043 
spiral bevel gear drives, 286-289 
V angle of gages with plugs, 1209- 
1211 

Tests, milling, with coarse tooth 
cutters, 379 

with negative rake face mills, 391- 
393 

Tests of hardness (see Steel, hardness 
tests) 

Texrope drive, horse-power of, 974 
Textolite, machining of, 35® 
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Thermit welding of locomotive 
frames, 229 
Thermocouple, 1031 
Thermometer calibration, table of 
fixed points, 1025 

Thickness of chip in face-milling, 383 
Thickness tolerances on steel sheets, 
962 

Thin-walled tubing, bending of, 

637 

Third-angle projection, 857 
Thread gages, tolerances for, 762, 

763 

(See also Gages) 
Thread-grinding wheels, 1423 
Thread lobes on automatic screw 
machine cams, for opening die 
heads, 581-5820 
for solid die heads, 3820, 3826 
Thread tool, angle measurement, 52 
table, S 3 

grinding of flat end, 53 
Threading, on automatic screw 
machines, 574, 575. S81-S82& 
points on cams and dies, 574, 
575.581-5826 
Bakelite, 1082 
fiber, 361 
Formica, 356 
hard rubber, 359 
lubricants for, 335-340 
Micarta, 357 

on screw machine, allowances for, 
545 . 546 

stainless steel, 371 
Threading speeds, for acorn dies, 560 
for pipe, 567 
for taps ana dies, 560 
for various materials (Landis), 
tables, 194-195, 568-571 
Threading tools for aluminum, 355 
Threads, coach screw, 701 
in die casting 1076 
drill pipe, A.P.L, 108, 109 
Hughes Acme tool joint, no 
locomotive injector couplings, 
1192 

pipe, American (or Briggs), 90, 
96-99 

screw, 1340-1362 
square, 1346 
stub, 1344 
on studs, 187 

taper, in locomotive work, 1182 
three-wire measurement of, 55-68, 
72 

uniform-pitch-series, topdrills for, 

151 

worms, 51, 298 
formulas. 299-300, 302-304 
Standard form, 298 
(See also Screw threads) 
Three-fluted tools, measuring, 720 
Through-feed and in-feed, in 
centerless grinding, 519 
mbscrews, 1314 
w’s Swiss thread, 45 
\ fits^, 736, 738. 744 . 74 S 
er, hitch, xioo, xiox 


Time, machining, estimating, 340- 
346 

Time for changing die sets, 1444 
Time tables, for shaper, 344, 345 
Tin, for boiler plugs fusible, 208 
properties of, 1073 
strength of, 626 

uses in copper alloys, 1063-1065 
weight per cubic inch and cubic 
foot, 1073 

Tin-base alloys for die casting, com¬ 
position, 1075 
properties, 1075-1076 
Tinned brasses, 1070 
composition and use, 1070 
Tinning, arsenal hot-dip process for, 
1060 

of brass parts, 1061 
of cast iron, foi soldering, 208 
Tin-plate sizes, 640 
Tips for flame cutting, 213, 214 
Tire bolt, 1256 

Tires, locomotive, boring and turn¬ 
ing, 1167-1169 

chart for turning speeds, 1171 
roughing and finishing tools for, 
1168, 1169 

section of, 1170, 1171 
shrinkage of, 1174, 1175 
thickness, minimum, 1173 
wear allowances, 1170 
Titanium, effect in steel, 1030 
Titanium carbide tools, 364 
Tobin bronze (Naval brass), com¬ 
position, 1064, 1066 
properties, 1071 

speeds for threading, 194-195 

568-571 

uses, 1067 

Tolerance, A.S.M.E. equivalent 
terms, 751 

Tolerances, and allowance, diagram, 

725 

for metal fits (see Allowances 
and tolerances for metal fits) 
use of terms,'735 
American National screw thread, 
coarse-thread series, 10-15 
fine-thread series, 16-19 
bilateral, 725. 1320 
for bolt heads, finished, 671 
brass and copper sheet, 1068 
on brass and copper tubing, 964 
on commercial materials, 960-967 
of cone gears, 1426 
definition, 3, 173. 735 . 7 Si 
on drill points, British standard, 
141 

on drill rod, 960 

on drop and upset forgings, 1091- 
1095 

and fits, for Bower roller bearings, 
838, 842 

for New Departure Radax 
bearing mounting, 836 
in gages, 732, 760-767 
mrection of, 732 
in gaging, Newall system, 726 
in gearing, 289-293 
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Tolerances, for “go” and “not-go” 
thread gages, 761-763. 767 
for hand taps, 177, I 79 
increments for special threads, 30 
lathe, 1450 

manufacturing, necessity for, 726 
for mud taps, i8s 
National screw-thread gages, 765 
neutral space in, 726 
oil-casing gages, no 
pipe gages, 97 
for pipe taps, 183, 184 
for pipe-thread ga^es, 94, 95, 97 
pitch diameter, Whitworth threads 
of special diameters, etc., 
37 h- 37 n ♦ 

in plug gages, 761-763 
in plug, ring, and snap gages, 767 
on reamers, 154 
British, 154 

on rolled materials, 964 
on screw stock, 965 
on screw threads, American 
National, i, 7-3 5 / 

American National Acme, 46- 
50 

British Arsociation, 40-41 
on screw threads, British Stand¬ 
ard Whitworth, 38-39^ 
for screw-machine work, 577 
on screws and nuts, 9, 11-24, 
26 - 35 / 

shafting, 897. 967 
on spline fittings, 909-914 
involute, 91S-919 
on steel balls, 965 
steel bars, cold-drawn, 966, 967 
hot-rolled, 966 

on steel sheets, thickness, 962 ' 

weight, 963 
on T nuts, 879 

tapped hole and nut, American 
National screw threads, ii, 

13. IS, 17 

on taps, 177 

on thread pitch diameters, 7 

on tool bits, 964 

on tubing, 960, 961 

unilateral, 725, 1320 

war emergency, for bolts, 4ia-4ift 

on Woodruff key slots, 903 

on Woodruff keys, 900, 901 

on Woodruff slot cutters, 904, 905 

for wood-screw lengths, 700 

on worm geaiing, 293, 3 o 6 a- 3 o 6 d 

zero line in, 725, 726 

(See also Allowances and toler¬ 
ances; Dimensions and tol¬ 
erances) 

Tongue drive, standard taper 
shanks, 789-792 

Tongues for T-slots standard, 
inserted and soUd, 880 
reversible, 881-883 
Tonnage capacity of power presses, 
618 

Tool angles, 1329, 1363-1369 
for lathe and planer, 324, 325 
Tool bits, tolerances, 964 
Tool cabinet and work bench, 201 


Tool carbon steel, baths for drawing, 

1027 

Tool and die work, oilstones for, 530 
Tool grinders, uses of, 429 
Tool posts, kinds, 884-886 
Tool setting, with compound rest, 

^ 329 

Tool steel, carbon hardening, 1029 
heat-treatment, 1028, 1029 
tempering table, 1029 
threading speeds, 570-575 
uses of, 1027 

characteristics, 1010, loil 
fracture of, 1021 

hardening methods for, 1017, 

1054-1055 

appearance due to faults in, 
1019 

speed for drilling, 126 
uses, loii 

Toolholders, definition, 884 
shanks and bits for, 888 
Tool-post standards, 884-886 
Tool-room layouts, by shop tng- 
onometry, 1198 

Tool-steel forgings, feeds for ma¬ 
chining, 341, 342 
Tools, broaching, 642-646 

carbide, zero ana negative rake, 
3760-3766 

carbide cemented, 364 
grinding, 368-371 
speeds and feeds, 367, 369 
turret-lathe speeds with, 346 
chromium-plated, 364 
cobalt, composition and heat- 
treatment, 1035 
cutting, for aluminum, 354 

definitions, 322-324, 1321-1323 
formed, 326 
shapes, 322, 323 
terms used for, 321, 324 
diamond, data on, 366 
kinds, 365 
uses, 364-367 

double-action press, 609, 610 
rinding wheels for, 515 
igh-speed steel, turret-lathe 
speeds with, 346 

improved cutting-edges, 5280- 
5286 

lathe and planer, 322-323, 1321- 

1323 

names of parts, 1296 
for machining Formica, 356 
for machining high-nickel alloys, 
347-350 

planer and slotter, i;523 
punch-press, calculations for oper¬ 
ating, 588-597 

clearance for punches and dies, 
597-609 

dies for, 609-618 
lubricants for, 629, 630 
standard die sets, 610-615 
stock stops for, 611, 614, 615, 
616 

for screw machines, detailSr 
speeds, feeds, ect., 542^1^87 
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Tools, for screw machines, American 
standard, circular forming 
tools, and holder, s82/-s87a, 

1311 

dovetail forming tools, 547, 549, 
582/, 5876-5874/ 

forming tools, making, 549-552 
screw-machine, speeds and feeds, 
349 . 399 . 561-566. 573 . 575 
(See also Screw machines) 
shaper, for hard rubber, 359 
single-point, 321-323 
Stellite, cutting speeds and feeds 
with, 363 

turret-lathe speeds with, 346 
superhardening of, 1033 
tempenng table for, 1029 
thread, angle-measurement table, 
53 

titanium and tantalum carbide, 

364 

tungsten carbide, 364, 367 
grinding wheels for, 515 
tungsten high-speed, for machin¬ 
ing nickel alloys, 347 
turning and boring work, 321-374 
typical, from various classes 01 
steel, ion 

woodworking, oilstones for, 530 
Tooth arrangement, for broaches, 
641 

Tooth bearing, in spiral bevel-gear 
dnves, 287-289 

Tooth depth, shaved tooth, standard 


cutter. 


proportions, 252 
Tooth nomenclature, milling 

Toot^ parts, gear (see Gears) 
in spur gear, 239-243 
Tooth pioportions, shapes for gears, 
definitions, 230 

for spur-gear tooth systems, 236- 
238 

Tooth spacing, for broaches, 641 
of files, 197 

Torque, formula for nonmetallic 
gears, 294 

Torsion spring, 1317 

Total key way depth, table, 893 

Tough steels for truck service, 1050 

Track bolt, 1257 

Trade names of abrasives, 487 

Trammels, 1324 

Translating gears for cutting metric 
threads, 79, 81 

Translating thread standards, 1342 
Transmission gears, Packard, car¬ 
burizing of, 1039 

Trenton Iron Company, wire gage 
sizes, 941 

Trepanning tool, 1324 
Triangles, atea, rule for, 592 

integral right-angled, laying out, 
842 

other than right angle, calculat- 
ing, 1211 
bperties of, 1218 
\ht angle, calculations for, 1x98- 

\ X2I2 

Uo for laying out^ 12x2 


Trigger stop foi- dies, 615 
Trigonometry, shop, angle con¬ 
stants, 1193-1198 
angles, chart of, 1198 
laying out, 1196 
tables for calculating, 1201- 

I207_ 

finding diameter without center, 
1213-1217 

how tables are used, 1193-1212 
laying out regular polygons, 1212 
locating hole centers, 1198-1200, 
1208 

properties of regular figures, 1217 
right angle triangles, formulas for 
sides of, 1197. 1209 
solution of problems, 1198-1208 
secants, table of, 1242-1253 
sines, table of, 1230-1241 
tangents, table of, 1219-1230 
testing angles with plugs, 1209- 
12X2 

Trimming dies, 1278 
Triple-action dies, 1278 
Troubles in drilling, causes and 
remedies, 128 
Troy weight, table, 1104 
Truck axles, locomotive, pressures 
for, 1180 

Tiuck steels, 1050 
True rake of face-milling cutters, 
381, 382 

Truing and dressing giinding wheels, 
diamond tools for, 493-495 
Truncated thread gages, 24 
Truncated Whitworth form screw 
threads (see Whitworth trun¬ 
cated form screw threads) 

' British Standard pipe, 37g 
coarse thread series, 37a, 37d 
suggested tap drill sizes, 37* 
fine thread series, 37^, 37/ 
gages, plain and thread, 370-372 
snap, ring, and plug, details, 
Zio-Ziw 

inspection gage data, 37 o~ 37 v 
inspection gages for, 3 70-3 7w 
plain and thread, 377-375 
plug and ring, ^7s-37u 
special thread senes, 3 7/1 
Truss-head machine screws, Ameri¬ 
can Phillips, 661 
head dimensions, 652 
Tube drill, 132 
Tubes, honing, 531 
Tubing, aircraft, proposed standard 
sizes, 6406-64OC 
bending of, 632, 636-638 
brass, seamless, weight of, 957 
and copper, tolerances, 964, 
1068 

chandelier, 101 

cold-drawn seamless, tolerances, 
960, 961 
weight of, 958 

Tumbling barrel, for ball burnishing, 
527-528 

Tumbling work, 1446 
Tungsten, effect in steel, loii, 1030 
gnnding wheels for, 515 
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Tungrsten, properties of, 1073 

weight per cubic inch and cubic 
foot, 1073 

Tungsten carbide, for gages, 765 
Tungsten carbide tools, drills, 
speeds of, 145 
relief and rake angles, 367 
uses, 364, 367 

Tungsten high-speed steels, for tools 
for machining, 347 
Turnbuckles, 1324 
Turning, allowances left for grind¬ 
ing, S16, 517 
and boring, 321-^74 

constants for time of, 327 
time of tool tr^el, table for, 332 
various materials, cutting-fluids 
chart for, 336-339 
and cutting gear blanks, 253 
fiber, 361 
Formica, 356 
hard rubber, 359 
locomotive crankpins, 1172, 1181 
locomotive tires, 1167 
Micarta, 357 

monel, speeds and feeds for, 351 
sprayed metal, 374-374^ 
stainless steel, 371 
tapers between lathe centers, 373 
Textolite, 3S8 
wood, speed for, 999 
Turning practice, advances in, 346a 
Turning rod (copper-base alloy), 
composition and uses, 1064, 
1070 

Turning speeds, figuring, 328 
Turning tools, diamond, 364-367 
for high-nickel alloys, 347, 348 
single-point, 322, 323 
zero and negative rake, 346a 
Turpentine, lubricant for drilling 
hard steel, 126, 14S 
Turret lathe, speeds and feeds, 345, 
346 

tools, 141S 
Tuyere, 1324 

Twist drill, British tolerances on 
point diameters, 141 
chromium-plated, 364 
definition and uses, 118 * 

and steel wire gage sizes, 940, 942 
special types, 129, 132 
(See also Drills) 

Two-lip gun drill, 134 
Two-wire measurement of included 
thread angle, S8g-S9 
Two-flute or tnree-flute tap, defini¬ 
tion, 171 

Two-foot rule, degrees obtained by 
opening, 932 

Two-wire ana three-wire measure¬ 
ment of threads, 69-71 
Type metal, composition of, 1072 
Types for drop forging dies, making, 
1086-1088 

U 

U bends, 1442 
U bolt, I 2 S 7 


Undercut teeth, for broaches, 641 
Uniform-pitch screw threads for 
boiler applications, and ma¬ 
chine components, 30 
Uniform-pitch thread series, top 
drills for, 151 

Unilateral and bilateral tolerance, 

72s 

British, 769, 772-774 
Union Drawn Steel Co., speeds and 
feeds for standard tools, tables, 

562-565 

U.S. Armory, Browning solution, 
1056 

etching acid, 1056 
U.S. gallon, in cubic inches, 1106 
equivalents in English gallons 
and liters, 1120 

U.S. Navy, rivets, boiler well, and 
tank, 707 

standard bushings, 610 
standard coupling nuts, 620 
standard punches, 619 
U.S. Navy Dept., composition of 
bronzes, 1063 

specification for journal bronze 
(Composition H), 1065 
U.S. Navy Yard, piston-iing prac¬ 
tice in, 969, 970 

U.S. Ordnance, split and taper pins, 
803 

U.S. Standard steel plate, gage sizes, 
941 

U.S. Standard washers, 70s 
Universal dividing heads, cutting 
cams on, 405-426 
differential indexing on, 432-453 
use, 454 / 

Universal grinding machine, 1290 
Universal joint, 1203 
Universal milling machine, 1299 
cutting helices on, 4056 
“Up,” “out” conventional milling 
(feeding against cut), 375, 376- 
393 

“Upright” gage. Elgin Watch Co., 
102 

Upright (or vertical) drill, and 
names of paits, 1282 
Upset forgings, tolerances, 1091- 

1095 

Upsets, allowances for, 930 
V 

V gages, testing with plugs, 1209- 

1211 

V 60-degree sharp thread, 46 
double depth of, 83 
measuring with wires, 55-58 

Valve spring, 1317 
Valve stem, clearance, 1164 
taper of crosshead pin, 1182 
Valve tappet clearance, automobile 
engine, 1164 

Valve-motion fits, locomotive, 1185 
Valve-rod pins, locomotive, taper of, 
Z182 

Valves, grinding wheels for, 516 
Vanadium, effect in steel, zoii, 1030 
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Vanadium, weight per cubic inch 
and cubic foot, 1073 
Vanadium steel, speeds for thread¬ 
ing, 194, 19s, 568-571 
Variable-speed and multi-speed mo¬ 
tors, 985-988 

Vascaloy-Kamet tungsten carbide 
tools, 367 

Vernier and how to read it, 718 
Vernier caliper, measuring thread 
tools with, 52 
Vertical boring mill, 1258 
Vertical lapping machines, 540 
Vertical milling machine, 1300 
Vickers diamond hardness test, I 05 S 
Vitrified bond for grinding wheels, 
482-484, 486, 488, 505-516 
Vitrified Grinding Wheel Co.’s 
wheel-grade markings, 485 
Vixen files, 199 

Volumes (or areas) of fillets, table 
for figuring, 933 
of spheres, 93s 

spherical segments, table, 936, 937 
W 

Walnut, weight of, 1106 
Walrus-hide polishing wheels, 524 
Waltham watch screw taps, 191 
Warner & Swasey, machine-tool 
steels, uses of, 1050 
turret lathe speeds and feeds, 345- 
346 

Washburn & Moen wire gage sizes, 

941 

Washers, British Standard, 711, 714, 
717 

cast-iron, 706 
for foundation bolts, looa 
lead, uses, 1083 
narrow gage, 705 
open, 1325 

plain, S.A.E. Standard, 70s 
plain, U.S. Standard, 705 
riveting, 706 
spring. 706 

Washer-head machine screws, Amer¬ 
ican Phillips, 663 
Washer-head screw, 1314 
Washita oilstones, composition of, 
529 

Washout taps, 171, 185 
Waste of stock at end of screw- 
machine bar, 577 
Watch screw taps, crown, 191 
Elgin, 189, 190 
pendant, 191 
Waltham, 19 1 

Watch screw threads, Lowenher*- 
German, 43 
measurements, 42 
properties, 44 ~ 4 S 

Watchmakers' measurements, jewel¬ 
setting diameter. 192 
jpallet stones, tnickness, 192 
Water, weight of, i io6 
Water-conversion factors, 1120 
Wave lengths^ light, equivalent in 
fftandard men, 7217 


Waves, light, measuring with, 727- 
732 

Wear of grinding wheels, 499 
Wear allowances, of Diesel engines, 
1186a 

of gages, 761-763 
for locomotive tires, 1170 
tolerances and fits, for locomotive 
parts, 1182-1187 

Web, thinning of, on twist drill, 127 
Wedge of air, principle in measure- 
ment, 72^731 
Weight, aluminum bars, 955 

aluminum plates, American or 
Brown & Sharpe gage, 947 
aluminum sheets, 948, 949 
avoirdupois, table, 1104 
brass bars, 955 

brass plates, American or Brown 
& Sharpe gage, 947 
Birmingham or Stubs' gage, 950 
brass sheet, 948, 949 
brass tubing, seamless, 957 
brass wire, American or Brown & 
Sharpe gage, 951 
Birmingham or Stubs’ gage, 953 
of castings and wood patterns, 
proportionate, 932 
copper bars, 955 

copper plates, American or Brown 
& Sharpe gage, 947 
Birmingham or Stubs’ gage, 950 
copper sheet, 948, 949 
copper wire, American or Brown & 
Sharpe gage, 951 
Birmingham or Stubs’ gage, 953 
of fillets, 933 
iron bars, 954 

iron plates, Birmingham or Stubs’ 
gage, 950 

iron wire, American or Brown & 
Sharpe gage, 951 
Birmingham or Stubs’ gage, 953 
limits for die castings, maximum, 

1075 

metals, various, per cubic inch 
and cubic foot, 1073 
nonmetallic substances, 1105- 
1106 

pipe, standard, 98 
steam hammer, rating, 1084 
steel balls, 528 
steel bars, 954 

round, carbon and high-speed, 
flat sizes, 956 

steel plates, Birmingham or 
Stubs’ gage, 9S0 
U.S. Standard gage, 945 
steel sheets, hot and cold rolled, 
by thickness, 964 
manufacturer’s standard gage, 
945 , 946 

U.S. Standard gage, 945 
steel tubing, seamless, 958 
steel wire, American or Brown & 
Sharipe gage, 951 
Stubs’ gage, 944 
tolerances on sheets, 963 
Troy, table, H04 
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Weight, zinc, 960 

Weight and area chart for steel 
stampings, 595 

Weights and measures, tables, 1104 
Wela metals, properties of, 220 
Weldability, importance of, 221 
Welded jigs and fixtures, 226 
Welding, arc (see Arc welding) 
atomic hydrogen, 217, 218, 144s 
autogenous {see Welding, oxy- 
acetylene) 
electric, 217-226 

flux characteristics, for aluminum 
and bronze rod, 2150 
for cast iron, stainless steel rod, 
and silver^"soldering” alloy, 
216 

fluxes, 212 
hose colors for, 212 
natural or city gas, use in, 212 
preheating for, 212 
rods for, 212 
speed of, 215 
Heliarc, 1446 
hydrogen, 1445 

Of locomotive driver hub-liners, 
ii8s 

of locomotive frames, spreading 
for, 228 

by thermit, 229 

metals that can be welded to¬ 
gether, 229 
of monel, 352, 1081 
oxvacetylene, advantages of, 212 
blowpipe chart for, 215 
and punching in aircraft work, 

1440-1445 

resistance, 217, 218 
tube joints, 1445-1446 
Weldon chart of milling speeds, 1418 
Welds, dielectric, examples of, 225 
length of fillet, 224 
physical properties of, 219 
porosity of, effect of aluminum 
on,222 

Well casing, A.P.I. standard, 103- 

107 

Wheel centers, locomotive, diam¬ 
eters for specified tire sizes, 

1174. II 7 S 

mounting tires on, 1174-1176 
Wheel presses, motors for, 995 
Wheel-measuring tape, 1176 
Wheels, abrasive, cutting-off, 522 
for best cutting edges, 5280-5286 
diamond for carbide tool sharpen- 

. ing, 371 

grinding (see also Grinding wheels) 
cmsh dressing, 5416-541^ 
for grinding sprayed metals, 5410 
locomotive, shimming centers of, 
1168, 1169 

tires, 1170, 1173-1177 
polishing, buffs for, 525 
flexible vs. solid, 524 
glue for, 526 
grain of abrasives, 526 
types of, 524 

worm, gashing angles, 305, 306 
White lead for setting studs, 693 


White metal bearing alloys, compo¬ 
sition, 1063, 1072 
physical properties of, 204 
Whitworth Standard, bolts and 
nuts, 38-390 

screw threads, basic sizes and 
tolerances, 37, 3766 
double-depth, 83 
formulas for measurement, 58/- 
66 

radius, 370 

section and formula, 46 
special, 39 g, 39h 
special diameters, pitches, tol¬ 
erances, etc., 37h-3Tn 
Whitworth (truncated form) screw 
threads, 36-3700 
British Standard pipe, 371: 

suggested tap drills, 37aa 
coarse thread series, 37a-sjd 
fine thread series, 37^-37/ 
special thread series, 37h 
suggested tap drills, coarse series, 
37 X 

fine series, 37z 

taps and chaser detail, 36, 37 
Wide-ranfje divider for Cincinnati 
dividing head, 454 ■4S4« 
Winged-hcad wood screw, 1313 
Wire, aligning shafting by, 976 
brass, composition, and uses, 
1064, 1067 

lead, for testing bearings, 1083 
weight, of brass, 951, 953 
of copper, 951, 953 
of iron, 951, 953 
of steel, 944, 951 
Wire cable, safe loads for, 1102 
Wire gages, 940—945, 1285 
Wire measurement, of gears, 1427 
enlarged pinion, 2520-252^ 
short addendum, 252c-252d 
of included thread angle, 585-59 
of screw threads, American 
(Briggs) standard taper, 
iiio-iiicf 

best sizes formulas for 60 deg., 
55 deg., 53 deg., 8 min., 50 
deg., 47)^^ deg., 40 deg., 29 
deg., 58 

effect of helix angle on, 72 
standard practice, 580-586 
3-wire method. Acme 29-degree, 
55. S 3 /. 60, 71-73 
American National, 55-586, 
58/-65 

British Association, 58/, 60, 

66 , 68 

British Whitworth, 58/, 60, 
66-68 

Loewenherz, 58-58c, 58/ 
Metric, 63, 65, 67 
Sharp V 60-degree, 55-58 
two sizes of wires, 585 
of worm threads, 74-75 
Wire sizes, best, for measuring 
various thread angles, 58 
Wire sizes and drill sizes, for dowel 
pins, 152 

equivalents by various gages, 943 
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Wire sizes and drill sizes, table of, 
944 

Wire specifications for measuring 
screw threads, s8fl, Sib 
Wires, for measuring gears, special 
sizes, 252d 

for measuring helical gears, 281a- 
28id 

and standard practice in measure¬ 
ment of screw threads, 
“Screw Thread Standards 
for Federal Services," 580 
Wiring dies, 1279 
Wood, safety factors for, 939 
speed for drilling, 126 
weight of various kinds, 1105 ^ 
Wood patterns, proportionate weight 
of castings, 932 

Wood screws, American Phillips, 696 
American standard, 695-700 
British heads, 689 
diameter tolerance, 695 
flat head, 696 
kinds of heads, 648 
length of thread, 695 
length tolerances, 700 
oval head, 698 
round head, 697 
various types, 1313 
Wood turning, speed for, 999 
Woodworking machines, motors for, 
996 

Woodworking tools, oilstones for, 
530 

Woodiuff key-slot cutters, dimen¬ 
sions, 904 

Woodruff key slots, dimensions, 903 
Woodruff keys, A.S.A. standard, 
data and dimensions, 899-902 
General Motors standard, 902 
S.A.E. standard, 902 
selection and inspection, table, 
906-908 

Wool-felt polishing wheels, 524 
Work benches, 200-202 
types of, 201 

Work hardening of aluminum, 1444 
Work speed in grinding, 499, 1423 
Working gages for pipe threads, 
91-93 

Worm gearing, designs of, A.M.G.A. 
practice, 303 

threads of worms, 298, 300 
tolerances, 293, 3o6a-3o6d 
Worm and worm gear tolerances, 
pitch and profile errors, 306a- 
306b 

worm gear inspection tolerances, 
306i 

worm inspection table, 3066 
Worm gears, 231, 1287 
formulas for, 300-303 
gearing for cutting in milling 
machine, 427-431 


Worm gears, hobbing of, 273-275 
proportions, diagram, 300 
Worm threads, 298-300 
Worm threads, layout diagram, 298 
measuring. Brown & Sharpe, 74, 
75 

proportions. Brown & Sharpe, 51, 
75 . 

to run in worm wheels, 304 
top round of, 303 

Worm wheel hobs, Browm & Sharpe, 
73 

Worm wheels, gashing angles, 305, 
306 

Worms, Cone or hour-glass, 1425 
design of, A.G. M.A. practice, 298 
diametral pitch, cutting in lathe, 
85-90 

formulas for, 299, 300 
Wound-rotor motors, 985, 987 
Wrench clearance, nut spacing for, 
840 

Wrench openings, open end, 678 
standard sizes, 669 
Wrench-end bolts and nuts, 669 
Wrenches, machine, kinds, 1325- 
1327 

Wringing fits, 736, 738, 743 
Wrought copper alloys, properties 
of, 1071 

Wrought iron, safety factors for, 939 
strength of, 625 

weight per cubic inch and cubic 
foot, 1073 

Z 

Zero allowance on metal fits, defini¬ 
tion, 738 
table, 743 

Zero line, in diagram of tolerances 
and allowance, 725 
Zero and negative rake turning 
tools, 3460-3466 
Zerol gear teeth, 1424 
Zinc, lubricants for drawing, 630 



surface, 207 


strength of, 626 
use in alloys for brazing, 210 
in copper alloys, 1063, 1065 
in hard solder, 206 
Zinc, weight per cubic inch and cubic 
foot, 1073 

Zinc casting, shrinkage, 1074 
Zinc sheet, weight, 960 
Zinc-base alloys for die casting, 
composition, 1074 
limits for use, 1076 
Zinc-base die-cast metal, reamers 
for, i6s 

Zyglo crack detection, 1447 






